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Abstract

Many of the problems faced by the agents to whom we delegate public decisions
involve dynamic considerations. Whether it is a public official whose reputation is
on the line, or a politician who faces repeated elections or who worries about how
successors will alter his legacy, decisions today are made with attention to what
consequences may come tomorrow. In this dissertation, I discuss dynamic problems
in political economy. The common thread to all three essays will be that decision
makers face dynamic incentives to protect their own interest because their policy
choice today affects tomorrow’s decision environment and, as a result, how other
agents (the public, or rival parties) will behave further down the line.

The first chapter looks at how alternation in power of (pro-rich and pro-
poor) partisan political groups affects incentives to implement short and long
run redistributive policies. 1 identify a powerful incentive for both groups to
make income-equalising investments as a form of insurance against takeover by the
opposing group.

The second chapter studies the pressures on an appointed regulator of some
risky activity in society, who cares about protecting his reputation. The regulator is
held to account by the general public, which use a heuristic approach to estimating
risks and assessing the performance of the regulator. The public official will trade
off trying to align his policy record with current beliefs and managing how beliefs
change through observing the risky activity.

In the third chapter, I consider parties that compete over a one-dimensional
ideological policy space but face uncertain electoral outcomes. I find that if elections
are systematically biased against the incumbent, this leads to higher ideological
polarisation than a bias of the same size in favour of the incumbent, because it
lowers the value of winning. I endogenise incumbency biases with a model where
voters learn about candidates’ competence.
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Chapter 1

Public Investment and the
Dynamics of Inequality

When there is turnover in government between partisan groups that defend the
interests of the rich and the poor, a conflict exists over policies to redistribute in any
given period. Governments can also take measures to affect the future distribution
of income, for example through investments in human capital. I provide a formal
model in which static and dynamic policies for redistribution interact, in the presence
of political alternation. Investments that alter inequality are used strategically by
governing parties to mitigate future redistributive conflict. Specifically, parties on
either side choose to maintain lower inequality in gross incomes when they are less
likely to be in office in future.



1.1 Introduction

Governments have the ability to influence the distribution of welfare by taxing
citizens, financing public goods and implementing transfers. In addition to this, they
have the ability to influence the future pre-tax distribution of income, and therefore
welfare, by making durable investments in public capital. These policy decisions
are made in the context of electoral competition which provides constraints on the
policies that governments will choose, and, crucially, creates strategic incentives for
policy selection. A party in power will try to influence future conditions to its
advantage, whether this means increasing its probability of holding onto power, or
constraining policy choices for a government with different preferences. In this paper

the fundamental conflict between parties will concern preferences over redistribution.

Previous work has extensively studied this redistributive power of political
institutions. Some have studied the effect of inequality on the evolution of the
political regime; Acemoglu and Robinson 2001 point out that when inequality
becomes large, there will be increasing pressure on institutions to democratise as
a mechanism to commit to more generous redistribution. Another line of research
considers how redistributive policies chosen democratically affect the macroeconomy;
Persson and Tabellini 1994, Bertola 1991 and Alesina and Rodrik 1991 all argue
that high inequality hinders growth because the government redistributes more

aggressively, creating disincentives for private investment.

My aim is to extend the analysis of redistribution policy to include two dynamic
features: 1) public investments that influence the future income distribution, and
2) uncertainty about the identity of future governments. The focus of this work
is on the strategic effects that arise in an environment where there is a threat of
losing office to a rival party with different redistributive preferences, and the role of
investment as a form of dynamic redistribution that serves to insure against political

turnover.

Public investments as I define them (any policy that alters future incomes),
cover a variety of government programmes. Governments can raise the productivity
of groups by rolling out literacy programmes, investing in primary education,
offering retraining for workers in declining industries, enabling migration to cities,
or opening up credit lines for the rural sector. They can implement land reform or
reallocate other productive assets. Governments can also influence future income
distribution through policies that affect social mobility: introducing labour laws
to prevent discrimination, improving education opportunities for individuals of
deprived backgrounds, or providing health-care and nutritional support for children

living in poverty. Finally, many policies have effects on both within-period and
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across-periods redistribution; I separate the two to display the mechanism more

clearly.

Electoral uncertainty is also an important feature of any political system. First
we know that most modern democracies do experience alternation between partisan
groups with differing economic/redistributive agendas. In the US, between 1945 and
2010 the presidency switched between the two main parties every 8 years on average!,
so parties do not expect to hold on to power for much longer than two terms.
These parties have different redistributive aims: Bartels 2009 presents evidence
that on average Republicans have presided over periods of growing inequality, while
Democrats have been able to slow down or even reverse the trend of growing

inequality.

Electoral uncertainty occurs because voter preferences are multidimensional
(they may care about politicians’ charisma, competence or non-economic issues),
uncertain and shifting with time. This alternation is likely to introduce distortions
to decisions about dynamic redistribution, because parties will use the instruments
available to them today to secure more favourable future outcomes for their group.
Even in autocratic regimes, the threat of turnover exists to some extent, and those

in power will consider such a prospect when making fiscal decisions.

In the model, two parties, representing the two social groups (rich and poor),
compete for office. The winner is able to choose the level of (non-storable) public
consumption as well as the size of investment in public capital, all financed through a
proportional tax on voters. Public consumption benefits all equally, but proportional
taxation means the richer group face a bigger burden for financing it. The level of
inequality (ratio of incomes) determines the marginal cost of public funds for each
group. Public capital affects future pre-tax incomes, and may do so differentially

for the two groups, changing future inequality.

In Section 1.2, I consider a two period model with endogenous elections. Parties
have no commitment to policies prior to the election and voters correctly anticipate
their policy choices. Voters also value some orthogonal dimension of quality, which
is modeled as a random aggregate taste shock. The median voter is poor and so the

winner of the election is the preferred party of the poor types.

The two-period model delivers the basic mechanism by which static and
dynamic redistribution interact. In the second period there is no investment, only
public consumption. Unsurprisingly, the poorer group prefers to set a higher tax rate
and fund a higher level of public consumption since it faces a lower marginal cost

of public funds. The rich group prefers more modest taxation and spending. Public

'In fact, it changed precisely every 8 years on all occasions except two.
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consumption involves static redistribution and the existence of inequality generates
a redistributive conflict (a wedge between the preferred levels of public consumption

of the two groups), and this conflict increases with the degree of inequality.

The choice over public investment must take into account four different effects:
1) changes to ones own private income, 2) changes to the price of public funds, 3) a
strategic motive to influence the next government’s choice over public consumption,

in case the opposition were to take over in office, and 4) an electoral motive.

The effect of public investment on inequality will turn out to be critical in
the model because, as we saw, higher inequality drives larger redistributive conflict.
The first period incumbent will be concerned about insuring himself against the
possibility of losing power, and when he is more preoccupied with this possibility,
reducing future redistributive conflict will become more critical. This is the first
comparative static result of the paper: a stronger incumbency advantage leads to
higher investment if investment increases inequality, and to less investment if it
reduces inequality. This is true regardless of the type of the party, both the poor
and rich type will allow future inequality to be higher when they are more entrenched

in office.

In fact, this strategic motive may induce positive levels of investment by
the rich group even in some cases where their group is directly harmed by the
investment, such as the case of purely redistributive investments. It is a fairly
universal feature of modern democracies that parties of all sides support, although
to varying degrees, long term poverty reduction. Investments in public education
and health, or infrastructure projects to improve sanitation, housing and transport
for the poorest communities, are often willingly implemented by political elites that
are right-of-centre. The analysis I present suggests that along with purely altruistic
motives (or reasons related to aggregate growth), there is a strong strategic incentive
for the parties of the rich to do so, as long as the threat of political alternation is

strong enough.

I provide two more comparative static results in the two period model. They
consider how investment choices are affected by office rents and by the responsiveness
of voting to policies (i.e. the variance of the aggregate taste shock). Higher office
rents make parties care more about winning per se and less about providing policies
that suit their group. Higher rents will drive the rich group to go the extra mile to
reduce redistributive conflict, that is, invest more in income-equalising measures. In
contrast, the poor group will allow for higher inequality, since higher redistributive
conflict provides their party with an edge over the rich party in tomorrow’s election.
The other result is that when voting becomes more sensitive to policies, manipulation

of future electoral prospects through investment choices is more effective. The
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median voter penalises the rich party more heavily for providing a less desirable
platform. Since it has no commitment to policies, the rich party has a stronger
incentive to lock in a lower level of redistributive conflict. The party of the poor

exploits this higher sensitivity by exacerbating the conflict from higher inequality.

I extend the analysis to a fully dynamic model with repeated interaction and
exogenous elections, focusing on Markov Perfect Equilibria (MPE). With repeated
investment decisions, my first result is about how investment policies change as
inequality evolves: policy functions are monotonic and opposite for the two groups.
If one group has a higher rate of income growth with respect to public capital than
the other, then this group invests less at higher initial levels of public capital, while
the rival group invests more. This is driven by a price effect: the price of investment

for the former group rises with public capital, while the latter faces lower prices.

The strategic effects described earlier reappear in the fully dynamic environ-
ment. [ work with a linear quadratic framework which can be solved numerically for
any given parameter configuration. The comparative static result for incumbency
advantage holds: both parties choose lower levels of inequality in the next period

when they are less likely to hold onto power.

I consider welfare and a comparison of outcomes under a utilitarian central
planner and under the strategic environment with political turnover. A central
planner chooses intermediate levels of public consumption compared to the choices
of partisan politicians, but may invest more (or less) than both politicians. A central
planner’s choice of investment is high if the investment generates high growth in
aggregate income, but is not concerned at all with the effect on inequality. For
example, when public investment is purely redistributive, the central planner won't
invest, but the politicians might, even the ones representing the group whose income

will shrink with investment.

This suggests an interpretation of the strategic effect as resolving a commitment
problem. The central planner faces no commitment problem and hence has no need
for dynamic redistribution. In contrast, the politicians cannot commit to moderate
levels of static redistribution, and will use investment to tie the hands of their
opposition to some extent?. The rich will reduce inequality to prevent over-spending
by the poor; the poor will reduce inequality to make the rich party more willing to

spend.

The existence of redistributive conflict hurts both groups. Welfare may increase

for both groups when there is lower incumbency advantage, even for the current

2This result mirrors Alesina and Tabellini 1990 in which inefficient government deficits appear
in order to tie the hands of future governments who may have different preferences over public
spending.
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incumbent. With a weaker hold over power, parties will maintain lower levels of
inequality and redistributive conflict will be lower, reducing the variance in both
groups’ period payoffs. Welfare may also increase when initial levels of inequality
are lower, even if this means one group starting out with lower income, the reason

being again a reduction in redistributive conflict.

The paper proceeds as follows. In the remainder of Section 1.1, I provide a
brief discussion of related literature. Section 1.2 presents the two period model with
endogenous elections. Section 1.3 discusses welfare and the benchmark of outcomes
under delegation to a utilitarian central planner. Section 1.4 provides results on the
features of MPE in a general infinite horizon model with exogenous elections. Since
a full characterisation of the equilibrium is not possible for the most general model,
Section 1.5 presents a linear-quadratic framework; I confirm the key comparative
statics and discuss new results arising in the fully dynamic setting. Section 1.6

concludes.

Related Literature

There is an extensive literature that considers redistributive policies as the result
of a political process. Using Meltzer and Richard 1981 as a workhorse model for
the determination of redistribution in a democracy, several papers have studied
how inequality affects economic growth. Alesina and Rodrik 1994, Persson and
Tabellini 1994 and Bertola 1991 predict that higher inequality (measured by the
gap between median and mean incomes) generates excessive transfers which dis-
incentivise private investment®. The predictions were tested empirically (Persson
and Tabellini 1992, Perotti 1992, or Perotti 1996), with mixed results. Although
a correlation between inequality and slow growth is observed, the link between
more aggressive redistribution and slower growth is not significant and is sometimes
contradicted in the data. A new breed of models (Galor and Zeira 1993, Perotti 1993,
Benabou 1996, Aghion and Bolton 1997) extended the formal analysis to reconcile
the theory with the empirical findings.

I depart from these models in two important ways. First, I assume governments
can also engage in dynamic redistribution and affect the future composition of gross
earnings in society. Second, I depart from the median voter result. I assume there
is electoral uncertainty and parties with different preferences over redistribution

have positive probability of winning office. While expanding these elements of the

3These models offer small variations on the particular use of public revenues. In Persson and
Tabellini 1994 they are straightforward transfers, and since taxation is costly, redistribution is
wasteful. In Alesina and Rodrik 1994 revenues go toward producing a valuable public good, and
in Bertola 1991 they correct an externality.
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environment [ simplify others. Most importantly, I abstract entirely from private

imvestment.

This paper mainly contributes to the literature on the strategic effects of
political turnover on policy outcomes. Alesina and Tabellini 1990 and Persson
and Svensson 1989 propose that in the presence of alternation in government
between parties with different fiscal preferences*, government debt will be ineffi-
ciently high. Parties in office overspend today to constrain the spending power
of future governments. Besley and Coate 1998 and Azzimonti 2014 consider
public investment choices in the presence of political uncertainty, focusing on
policy inefficiency (“political failure”). Investment choices are inefficient because
tomorrow’s government may have different preferences over future expenditures. In
all of the above, the strategic effects on policy of a threat of replacement by a group
with different preferences, is common to my work. The key difference is that in these
papers, today’s government can change the constraints faced by future governments
(typically available resources) while in my work they are also able to influence future

preferences.

Another related area of research studies the relationship between inequality and
the institutional environment. Acemoglu and Robinson’s theory of democratisation
proposes how different levels of inequality affect what type of institution is likely to
emerge in equilibrium. Extending the franchise is seen as a form of commitment to
higher future redistribution by shifting the identity of the median voter. In a sense,
this paper looks at the link running in the opposite direction. Instead of predicting
institutional transitions for a given level of inequality, I analyse how inequality will

evolve, for a given institutional setting.

In that sense, Austen-Smith 2000 is also related; it considers how redistributive
policy is affected by institutional features. Specifically, it predicts that if legislatures
are determined by multiparty proportional representation and engage in legislative
bargaining, there will be more redistribution than under a majoritarian two-party
system. Feddersen and Gul 2014 propose a model in which (policy-motivated)
parties’ probability of winning depends on both voter and donor support. A win
by the conservative party causes an increase in inequality and a shift of the donor
distribution of ideal points to the right, creating persistence in rises to inequality.
While they also consider socio-economic conflict and the dynamics of inequality, the

focus is on the role of campaign finance as the intertemporal linkage.

4In the former, case over they value different types of public goods differently, in the latter they
disagree over the level of spending.
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1.2 The Two-Period Model

There are two periods, t € {1,2}, and two social groups P and R. In every period
they are represented by a party, J € {P, R}, which shares their preferences. The
size of the population is normalised to 1 and group P makes up a fraction a > % of

the population.

The incumbent government in period t chooses a proportional tax rate 7, €
[0, 1], a level of spending on public (non-storable) consumption G; > 0, and a level
of public investment I; > 0. Public consumption and investment must satisfy a

government budget constraint:
Gt + [t S Tt(OéyP(Kt) + (1 — Oé)yR(Kt>> = Ttym(Kt) (11)

where y™(K}) is the aggregate income.

Public investment goes toward maintaining and increasing the stock of public

capital K, according to a standard law of motion,
Kt+1 — (1 - d)Kt + [t (12)

I allow for disinvestment; however, I require that choices over levels of public capital

are non-negative, K; > 0.

Public consumption is enjoyed equally by all citizens. Public capital influences
the (per capita) income of each group, y’(K;), for J € {P,R}. The two groups
may benefit from public capital to a different extent (or lose income, I don’t restrict

y’(K) to being increasing).

Governments are able to alter the wage incomes of the two groups through
public investments in things like education, health or public transport (which lead
to a more skilled, healthy and mobile workforce). Policies that affect social mobility
also lead to this type of dynamic redistribution, by changing the expected future

income of individuals who belong to a given socio-economic group today.

I assume the following quasilinear period utility for an agent of type J:
u!(Ge, 7, 1) = 6(1 = 7o)y’ (K) + v(Ge) (1.3)

The function v(+) is increasing and concave. ¢ is a positive constant, and it describes
the marginal utility of private income. Higher ¢ implies a higher cost of raising
government revenues for both groups. Agents discount future utility at rate 5 €

0, 1].
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At the start of each period there is an election, and the outcome of the election is
endogenous. Specifically, I assume that parties are not able to commit to platforms,
and are therefore expected by voters to choose the party’s ideal policy, denoted
#, Gy, IA(,;]H), once in office. The election is decided by the median voter, who I

assume to be of the P group (i.e. I assume o > 1/2).

In addition to caring about policies, voters care about some other orthogonal
dimension of the candidate’s ability, leadership or charisma. I model this as an
exogenous random aggregate shock for the candidate from the P party. I assume
that the shock has the following distribution:

1 1
e~U|b——, b+ —
t [ 25" 2w}
where b is a function of the incumbency state. That is, I assume there is a popularity
bias in the election that is systematically related to whether the candidate held office
in the last term or not. Formally, let me denote the incumbent in period ¢t — 1 as

J,_1, then the bias in the election taking place at the start of period ¢ satisfies
b=bl{J,_1 =P} —bl{J,_1 = R}

where b € R.

This implies an incumbency-related bias. Suppose b > 0, the case of a pro-
incumbent bias: if the incumbent is P, then the first indicator function equals 1 and
the distribution of P’s popularity shock has a positive mean, P is more likely to
get a boost to his electoral chances, while when the incumbent is R it is the second
indicator function that is 1 and P’s popularity shock has a negative mean. When

b < 0 the bias will systematically favour the challenger.

The assumption of a uniform distribution of the shock is not entirely innocuous.
In Appendix A .4, I explore in more detail how results can be affected when different

distributions are used.

The median voter will prefer the candidate from the P party if and only if the
sum of policy utility (including the expected future utility induced by each party’s
current policies) and the taste shock is higher for party P than for party R.

I solve for the subgame perfect Nash equilibrium of the game with no

commitment to platforms.
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1.2.1 Second Period - Redistributive Conflict

In period 2, both parties find it optimal to fully disinvest any remaining stock of
public capital because it is the last period: féj = —(1—d)K, for J € {P, R}. Note
that this is a feature particular to this model with a termination date, only in the
final period will the two parties be in full agreement over investment decisions. In
sections 1.4 and 1.5, I explore how results change in a fully dynamic model when

parties will face repeated conflict over investment strategies.

The government budget constraint must bind in every period, all revenues raised
from taxation are spent and governments can’t run deficits: Gy — (1 — d)Ky =
Toy™(K3). Raising government revenue means reducing the private income of both
groups, if some government revenues go unspent then whoever is in office could do

better for their group by lowering the tax rate so as to only just cover expenditures®.

Substituting for the tax rate from the binding budget constraint, we have

Gy — (1—-d)Ky\
11— K G 1.4
Irg;w( iy )Y ) (@) (1.4)
subject to a feasibility constraint, Gy — (1 — d)Ky < y™(K3) (equivalent to the

constraint that the tax rate cannot exceed 1).
The optimal level of public consumption, G/ , (at an interior optimum) is
characterised by the following first order condition:

ZJJ(K2) ~J

ooy = VO (15)

The second order condition is satisfied given concavity of the utility of public

consumption.

Each government type chooses the level of (G5 that equates the marginal benefit
to its group’s marginal cost, which is the share of each pound of revenue raised from
its group. The group with higher income will, if in power, implement lower public
consumption since they bear a higher burden for financing every unit of G. Further,
the parties’ choice of public consumption is a function only of the ratio of incomes.

I will denote the ratio of the income of the richer group relative to that of the

maz{y” (K),y"(K)}
min{y” (K),y"(K)}

inequality. Note that while I have labeled the two groups as P and R, the ranking

and I will refer to this as the level of

poorer group by «(K) =

of incomes may be different at different levels of investment so that, for some K, P

5The absence of private savings guarantees this, if individuals were able to save privately, there
might be a strategic incentive to tax and burn the revenues in order to affect tomorrow’s distribution
of gross income.
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may in fact be the richer group. I will assume that P are poorer in the absence of
public capital, y(0) < y®(0).

Lemma 1 describes the conflict in choices over public consumption that arises

in the presence of inequality.

Lemma 1. The group with lower income will spend more on public consumption, and
the difference in choices of public consumption is increasing with income inequality.
Formally, whenever y®(K;) >y (K;), we have aR(Kt) < @P(Kt); further, @P(Kt)
is higher whenever (Ky) is higher, and @R(Kt) is higher whenever (Ky) is lower.
The converse is true when y*(K;) < y7(Ky).

This result is entirely intuitive. Using proportional taxes to fund pure public
goods implies redistribution: while everyone enjoys the goods, the costs are borne
more heavily by the rich. If preferences over disposable income are linear then the
marginal disutility of funding public expenditures depends only on the price faced
and not on the income level of the individual. The richer group is therefore less
inclined to provide public goods as generously as the poor would desire. Differences
in gross incomes translate into a conflict over redistribution, and this conflict is

larger the greater the income gap between rich and poor.

In the election at the start of the second period, the median voter will prefer

the candidate from the P party if and only if

B(1— 7" (I))y" () +0(GP () + 2 > 6(1—FR(K) )y () +o(GR(K)) (16)

where 77/ (K5) = —GJ(I(;%z%;d)KQ.

The probability of P winning for any pair of platforms is
1 R A
pa =5 + 0 {bro( = 7 (Ka))y” (Ka) + (G (K2))
= 01 = FRG) " () — o(G(K2)) |
which one can also write as

b= 5+ 0 [0+ AP(GP (K2), G (1) (1.9

where A” is the difference in utility for a citizen of type P between the party of his
type winning and the R party winning office.

A party who is in office in period 1 will be able to manipulate, among other
things, its probability of being re-elected, through the investment choice. The choice

of Ky can alter the level of inequality and the redistributive conflict associated
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with it. Specifically, the overall probability of the P-type party winning the second
election is increasing with the level of inequality at the start of the second period. So
in addition to the exogenous electoral bias from incumbency, there is an endogenous
source of electoral advantage which, I show, depends exclusively on the level of

inequality.

Lemma 2. The probability ps of party P winning the second election is increasing

in 1(K3) and is constant with respect to aggregate income y™(Ks).

Proof in the appendix.

There are two effects which reinforce each other to improve P’s electoral
advantage when inequality increases. First, R’s position on how much G to provide
becomes more distant from what the median voter would like (note that this is true
whether P is still the poorer group or whether it overtakes R to be the richer group).
The second relates to the difference in tax liabilities faced under the two groups.
For example, suppose that P remains the poorer group in equilibrium. Then there
is one advantage to R taking office for P citizens - R spends less, which means
a smaller tax bill. However, with higher inequality, the price of public spending
faced by P is lower so that the difference in overall tax liabilities under a P and
R government are smaller anyway. Therefore, higher inequality again helps make
the P party more attractive to the median voter. If P are the richer type then the
P government chooses lower spending, and the difference in tax liabilities increases

with inequality, again increasing the appeal of the P party.

In contrast, changes to aggregate income (while holding inequality constant)
do not affect the parties’ choice of public consumption nor the tax liabilities faced

under each government, so the difference in overall utilities is also unchanged.

1.2.2 First Period - Strategic Investment

Consider the problem faced by government of type P:
max_ ¢(1 —7)y" (K1) +v(Gh)
71,G1,K2

+ {pa(Ia) |01 =77 (Ka))y” (Ka) + 0(GF (Ky) (19)

+ (1= pa(K2) [6(1 = PR(K))y" (k) + v(GR (1)) | }
subject to the feasibility constraint

ym(Kl) Z G1 + KQ — (1 — d)Kl
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The first order conditions for public consumption, at an interior solution is:

P
Y (Kl) /
=v (G 1.10
Using the notation y7(K) = %, that for public investment is:
¢ y" (K1) P y" (K>)
¢ = oYL () + ¢(1 — d) L2
Fyr(ky) R )

(/S
(K
y" (K>)
Y (Ks)

6 70 + (0= ) o (1) (RO
B ) b A 0G¥
La(?) 8%AP(G;G?)+(1—pa> aé (—¢

+ v’(@?))

(1.11)

I assume the second order condition is satisfied®. The left hand side is again the
marginal cost of public expenditures. The right hand side of the expression is the

(expected) marginal benefit of public investment.

Choosing investment policies involves considering the following effects:

e Private income - the more a group’s own income grows with public capital the

more it will invest.

e A price effect - taking as fixed the level of spending tomorrow, changes to public

capital affect the price of public funds and hence, the overall tax liability”. The

6The second order condition for P’s choice of next period public capital is:

*u” ~P ~R P
37[(22 =04 ¢ (1 —p7 (K2) — (1 —p)T (K2)) Yk i (K2)

d@P(Kg) dGR(Ks) \ yF (K) Ui (K2)  yR(K)
—¢ <p a TP TR ) Y (K>) <yP(K2) - ym(Kz))

_ - mo Y (K2) (yr(Ks)  yR(Ka)
o 0 ) + 17 ) i s (U - TR )

P P m
+¢ (1= d+yp(Ka) (pr" (Ka) + (1 — p)R(K2))) zmgz; (?;’;Eﬁji - zfiEZD
ol B2 ) 7P () + (- )R ()

ym(KQ)yKK 2)\pT 2) + (1= p)7 (K>
2AR =R P
- )
L dGR(Ky) o (GR dGR(K,) Yyl (Ka) (yk(Ka)  yR(Ko)
=P, [ D o () ymu@))] } i

(1.12)

"This can be broken down into two effects: public capital affects the private income that is
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richer group will invest less if investment raises the price of public funds, i.e.
increases inequality, and will invest more if it reduces the price of public funds,

i.e. reduces inequality. The converse is true for the poor group.

e Electoral advantage - P will gain from investing if this increases inequality,
and redistributive conflict, making R less attractive to the median voter
tomorrow. In turn, R will have a higher incentive to invest when it reduces
inequality, making its party more appealing to voters tomorrow due to the

lower redistributive conflict.

e Strategic effect - since with positive probability a group in power will fail
to get re-elected, they will have an interest in reducing the future level of
redistributive conflict. This will bring the policy of the other group next

period closer to their own.

e Recovered costs - undepreciated public capital can be disinivested tomorrow,

partially recovering the cost of the original investment.

My main result is that if the incumbent has a stronger ex-ante electoral
advantage, then it will choose investment such that it allows for higher inequality

in period 2. I denoted the degree of incumbency advantage by b.

Proposition 1. A party that enjoys a stronger incumbency advantage will invest

less in reducing inequality: (6[{{) > 0 if and only if abgg) >0

ob

Proof in the Appendix.

Proposition 1 says that when an investment is income-equalising, then a
higher incumbency advantage induces governments to invest less. When the
investment leads to higher inequality, higher incumbency advantage will lead to
larger investment levels. So, in summary, a stronger pro-incumbent bias results in

higher inequality in pre-tax incomes.

The key effect driving this is the strategic effect that investment has on future
redistributive policy by altering the level of inequality. When a party currently
in office is less likely to hold on to power, it has a higher incentive to reduce
tomorrow’s redistributive conflict. By reducing inequality a government representing
the interests of the poor can induce a higher level of public consumption by a

government that represents the rich (and vice versa).

taxed and it alters the tax rate needed to finance spending because the tax base may change. If a
group’s income grows at a faster rate than aggregate income as K increases, then the overall tax
liability faced by this group will be higher as K increases, i.e. the price it pays for G will rise
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Changes to the incumbency bias also affect the marginal benefit of investment
in terms of the price effect, but the direction is always the same as for the strategic
incentive. Consider the richer group. A lower probability of surviving in office
makes the richer group more determined to reduce inequality in order to mitigate
overspending by the opposition group, for example. And since it is more likely that
the larger spending programme of the two will be implemented, it wants to reduce
the price of public spending it faces; again it does so by reducing inequality.

It is worth noting that the marginal benefit of public capital in terms of higher

(equilibrium) probability of winning is independent of the incumbency bias (885(;22 =

0). This relies on the particular distributional assumption for the aggregate shock;

I discuss how relaxing this assumption changes results in Appendix A.4.

There are another two comparative static results I can obtain: one is about the
effect of office rents, the other concerns how sensitive voters are to the platforms
of politicians. I modify the model slightly, by introducing r, an office rent enjoyed
by the party who wins office in addition to his policy utility. Voter sensitivity to
policies is parametrised by 1 from the distribution already assumed earlier. Higher
1 corresponds to smaller variance of the taste shock and, hence, makes electoral

outcomes more sensitive to policies.

Proposition 2. Higher office rents v and/or higher voter sensitivity v induce the

P (R) party to invest less (more) in reducing inequality.

Proof in the Appendix.

Higher office rents mean parties give more priority to winning for the sake of it.
In that case the P party will try to exacerbate future redistributive conflict while

the R party will try to mitigate it, since A? is increasing with inequality.

Higher responsiveness of voting, 1, increases the effectiveness of inequality-
altering investment as an instrument for boosting electoral prospects. Again, for
the P party, this makes it more attractive to try to keep inequality high; for the R

party instead this increases incentives to invest in reducing inequality.

Finally, I make an observation about the distributional assumption of the
popularity shocks. I have endogenised the probability of winning by proposing a
model of probabilistic voting where there is some source of uncertainty, for example
it could be driven by voters’ learning about some orthogonal dimension of quality
which they have incomplete information about. In the preceding analysis I assumed
that the shocks had a uniform distribution. The implication of this assumption is
that the slope of the CDF is constant and, therefore, that shifts to the distribution

caused by the incumbency bias do not alter the return to changes in a party’s choice
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of investment in terms of improving their electoral prospects. In other words, the

electoral incentive is unaffected by the magnitude of the incumbency bias.

If one generalises the distribution of shocks, then this no longer holds true.
In Appendix (A.4) I generalise the distribution of shocks and consider how the
comparative static with respect to b could be affected by the electoral incentive for
investment. I find that there are cases where this effect could push the comparative
static in the opposite direction to the other effects. The most interesting example
is a situation where the P group may have a CDF that is concave in the region
of equilibrium investment; in this case, at low values of /l;, P can benefit a lot
from keeping inequality high in order to increase its electoral appeal over the R
party, whereas as b increases, the marginal benefit of keeping inequality high to
raise the probability of winning becomes rather small. In that case, P may be
more willing to invest in inequality-decreasing policies when he has a stronger
incumbency advantage, if the electoral effect is so strong as to overcome the other

effects mentioned.

If the electoral effect is small enough, my results are robust and the relationship

in Proposition 1 carries through with more general distributions of the shock.

1.3 Outcomes under Delegation to a Utilitarian

Social Planner

How do outcomes in the strategic model of democracy compare to the situation in
which a central planner, who maximises a utilitarian social welfare function, decides
policy? Are there inefficiencies arising from strategic effects in the setting with

political turnover?

I assume the central planner gives equal weight to every individual of the
population, and therefore gives weight « to the utility of the P-type individuals
and weight (1 — «) to the utility of the R-types.

In the second period, investment is costly and has no value because of the lagged

process of capital growth, so she will not invest and otherwise solves

max ¢(1 — 73) (ayP(KQ) +(1- oz)yR(Kz)) + v(G) (1.13)

72,G2

subject to the feasibility constraint

Gy — (1 —d)Ky < y™(K>)
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Since all individuals value public consumption equally, and since the utility of
private consumption is linear, this implies that the central planner acts as if she

maximises the utility of an individual with the mean income of society, y™.

At an interior solution, the following first order condition must hold,
(GF) = (1.14)

and is sufficient since concavity of v(G) ensures the second order condition holds.

The optimal level of public consumption for the central planner is independent
of the public capital stock, and of the level of inequality, and (even for a longer
horizon problem) is constant over time. This is because the price that she cares
about, the cost of financing a unit of public expenditure, is simply ¢. I denote the

central planner’s choice of public consumption by G.

Further, the central planner chooses a level of public consumption that lies
between the levels that would be chosen by partisan governments, as long as there
is some inequality in society. Her choice of public consumption will be higher than

the ideal of the richer group and lower than the ideal of the poorer group:
maz{GF G} > GP > min{G', GI*}

In the first period, the central planner solves,

s 0= )+ o)+ o (1= ST )y 4@
(1.15)

subject to the feasibility constraint y™(K;) > G; + Ky — (1 — d)Kj.

As I mentioned above, the optimal level of public consumption is the same in

every period, G?. The first order condition for public capital is
¢ = Pyi (K2) + Bo(1 — d) (1.16)

The central planner’s condition for optimal investment is to equate the marginal
social cost of investment (net of any recovered costs from undepreciated public
capital in the final period) to the marginal social benefit, which takes on a
particularly simple form, it is just the discounted gross gain in aggregate income.
All other effects present in the strategic game, now vanish. There is no chance that
tomorrow’s decision will be made by an agent with different preferences, so there is
no role for influencing either the chances of remaining in power (electoral advantage

effect) or the decision of tomorrow’s incumbent (strategic effect). And now there is
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no price effect either because the aggregate price doesn’t change with public capital.

Appendix A.5 shows the central planner’s investment choice in the infinite
horizon problem, where again she will be exclusively concerned with the aggregate
growth effects of investment. The feature that investment decisions depend only on

aggregate income growth carries through.

In a sense, the central planner solves a commitment problem: the two parties
are worried about uncertainty over how G will be chosen in future, and use public
capital in part as an instrument to mediate this conflict. The only role for public
capital in the central planner problem is if it serves to expand the pool of income
available to be redistributed, but redistribution itself can be done through G, once

the size of the pie is established.

While the ranking of public consumption choices by ideological parties and a
utilitarian central planner is unambiguous, whether political agents invest more or

less than the central planner is less clear.

Consider the first order condition for the P government

y" (K1)

P AP B AR

Ky Y (K2) + ¢(p2Gy + (1 — p2)Gy)
Ou(K3) |Op2 \ p,Ap AR .

8K 8L2A (G27G2)+(1 p2>

y*(K>) (y??(K'Z) B yI]Z(KQ)>
y™(Ko) \ym(K2)  yP(Ky)

OGE [ yP(Ky)
3L2 (_¢ym(K2)

¢
E

I inspect the conditions for optimal investment of the P group and the central
planner. A P-type government faces a different marginal cost (it could be higher or
lower). The marginal gain in gross income may be higher or lower than for P, even
if we know the investment’s effect on income inequality (this only tells us the rate of
growth). If the investment is income equalising, the price effect is negative (investing
makes future expenditures more costly for P-types), the electoral advantage effect is
also negative (lower inequality makes the median voter closer to indifferent between
a P and R candidate) and the strategic effect is positive (lower inequality insures
P-types partially against government turnover). Therefore one cannot say overall,
whether the P party would invest more or less than the central planner. The same
ambiguity arises for the R-type party so that we cannot rank its investment choice

either.

One can reach some general conclusions about how the investment plans of the
two types of agents compare. The central planner would prescribe high investment
whenever it will help raise aggregate output, and low investment whenever there

is a weak output growth effect. Parties instead are likely to be concerned about
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the distributional effects of investment. For investments that are strongly growth-
enhancing but increase inequality, political agents will generally under-invest,
because of the commitment problem. In contrast, they will tend to over-invest
in forms of public capital that, while having more modest aggregate benefits,
are effective at reducing inequality. This is reminiscent of the “political failure”
described in Besley and Coate 1998.

In appendix A.6, I present an example that illustrates the arguments above: I
consider the case of an investment that is purely redistributive toward the P group,
with zero aggregate output effect. Clearly, the central planner would not invest at
all. However, as long as the threat of turnover is high enough, both parties will
choose to invest positive amounts. This investment is inefficient, because it is costly
and does not expand the pool of available resources in future. The inefficiency comes
from the commitment problem; the two parties cannot make a binding promise of
moderate future redistribution, so they try to bring the rival party closer to its own

redistributive preferences, and they’re willing to pay a cost today for that insurance.

The analysis of appendix A.6 highlights another interesting point. I consider
how expected welfare changes with the incumbency bias. Assuming that the identity
of the initial incumbent is equally likely to be either party, I find that both groups

would be better off in a world with a weaker bias toward the incumbent?®.

Threat of alternation helps to rectify one inefficiency through another. The
first inefficiency is that partisan political groups do not correctly internalise the
effects of static redistribution: the poor under-weigh the costs to society of public
consumption, the rich under-weigh the benefits. Hence, parties’ choices of G move
away from G?, and the bigger the income gap the bigger the departure from socially
optimal transfers. Threat of alternation induces parties to try and close the gross
income gap, reducing the variance in GG and approaching more efficient levels of

transfers.

Higher threat of turnover involves a trade-off in welfare, since it will lead to
higher expenditures on K but reduce the variance in G. When reducing inequality
can be done at low cost, it will be welfare-increasing overall to have a lower

probability of re-election.

8Tn Section 1.5, I show that in a fully dynamic environment, groups will be better off with lower
incumbency advantage, even conditional on starting out as the incumbent.
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1.4 A fully dynamic framework - Markov Perfect
Equilibria

In section 1.2, T analysed a two period model which highlighted a strategic incentive
for either group to invest in income-equalising forms of public capital, in order to
reduce conflict over within-period redistribution in the final period. In that setup,
with a termination date to the game, proportional taxation and preferences given
by quasilinear utility, I found a clean relationship between the degree of incumbency
advantage and the amount of investment, which depended exclusively on whether

investment reduced or increased inequality.

Next, I explore to what extent my results extend to a framework with no
termination date, and what new effects arise when there are repeated investment
decisions. The general framework I would like to analyse is a simple extension of my
earlier framework to an an infinite horizon, and I will focus on exogenous election
probabilities for simplicity. Let p € (0,1) denote the incumbent’s probability of

being re-elected.

Individuals’ preferences are still given by the period payoff

ul = (1 — 1)y’ (Ky) + v(Gy)

t=00
Each group will maximise the discounted sum of period payoffs, Z 6%;7 by

t=0
choosing policy whenever they are in office subject to the feasibility constraint,

y"(Ky) > G+ K — (1 - d) K,

The choice of public consumption is a purely static problem. Assuming an
interior solution, if party J is in power it will choose according to the usual first

order condition: }
- T(K,)
(@70) = 02

(1.18)

Let me substitute for the optimal public consumption choice of the incumbent,

as well as for the tax rate from the binding budget constraint of the government.

ul = ¢ <1 _ G ii:}(t_) (1-

@Kﬁy%KQ+w@> (1.19)

As long as the solution to the problem of the incumbent is such that the tax rate is

less than one, then it is also the solution to the modified problem in which public
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consumption choices are assumed to be those satisfying (1.18), and the incumbent
only chooses an investment level (i.e. K;;1). I focus on analysing the problem with

a single choice variable.

The problem is a stochastic game in the sense of Fudenberg and Tirole 1991;
the history at each period is summarised by a state. In my setting, there are
two state variables: one is the identity of the incumbent, the other is the level of
public capital. Since the probability of winning tomorrow’s election is p for the
current incumbent and (1 — p) for the current opposition party, this state variable
has the Markov property. The law of motion of public capital is deterministic and
tomorrow’s capital depends only today’s action and current level of capital, so it is
also a Markov process. Finally, current payoffs depend only on the state and the
current action, which is investment or equivalently a choice over tomorrow’s capital:

Uf = UJ(Kin? K;)

Players’ strategies must specify a plan of action at each state at which they are
called upon to make an investment decision, and in principle this strategy could be
a function of the entire history (perfect equilibrium), o”/(h;). Call the space of all

possible strategies of a player 3.

I focus on Markov Perfect Equilibria (MPE), which are subgame perfect and
in which strategies depend on history only through the state. More precisely, the
strategy of a player is the same for any two histories leading to the same current

”9 T can write the

state, and therefore strategies can be said to be “memoryless
strategies as functions of the current capital level, with the understanding that it is
the incumbent’s choice that will be implemented: K, = o’ (K;).

For any general pair of strategies (o, o) and initial state (Jy, K;), there is a

corresponding expected discounted sum of period payoffs for each player. Let me
call this the value of the game. The value of the game for group P, for a particular
strategy profile, will be denoted V!(Ky; o, o®) when it starts off as incumbent
and V¢ (Ky;of o®) when it starts off as challenger. Similarly, for R, T will write
WI(Ky; o o) when it starts off as incumbent and W (Ky; oF, oft) when it starts

off as challenger.

A Markov Perfect Equilibrium is a profile of Markov strategies (7' (K),5%(K))
such that

V(Ko of (K),0%(K)) > VI(Ky; 0, 6%(K)) for all 0¥ € 2

9Focusing on MPE precludes me from studying equilibria in which parties may, for example,
punish each other for past behaviour. This could be an alternative way of solving the commitment
problem described in Section 1.3.
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W!(Ky;o"(K),0%(K)) > W!(Ky; 67 (K),of) for all 6" € ©

While general existence results have been obtained for MPE in stochastic games
with a finite number of states and actions, existence results for uncountable state
spaces are much harder to obtain. In the remainder of this section, I describe some
features of MPE, assuming existence. In section 1.5 I adapt the environment to
conform with a well known analytical setup, the linear quadratic framework. While
this setup still has limitations in terms of obtaining a full formal characterisation, I
am able to find parameter configurations for which equilibria exist. Working with
these equilibria, I reconfirm the role of the strategic interaction between static and
dynamic elements of redistribution, and I obtain some new insights about the more

involved dynamic effects.

The game I analyse has a very similar form to the separable sequential games

studied by Fudenberg and Tirole 1991. Crucially, the payoffs are of the form:
U/ = u(Ky, Ki1) + w) (K, Dt Ligas -2)

That is, the expected continuation value of the game depends only on tomorrow’s
state, given some profile of future actions. The only difference in this environment is
that the identity of movers is stochastic. I will need to be careful about this feature

of the environment when applying their monotonicity results.

Monotonicity results for the equilibrium strategies will hold when sorting
conditions are satisfied. The sorting conditions require the cross-partial of the stage
payoff has a constant sign. This means that the effect of the initial state on the

marginal return of the action is itself monotonic:

82UJ(K,5 Kt+1>
) > +
OKOK . — 0 (C57)

82UJ(K,§, Kt+1)
< _
0K 0Ky — 0 (C57)

Specifically, we have:

G/ (K}) + Ky — (1 — d)K,
y"(Ky)

uJ(Kt, K1) =¢ (1 - > yJ(Kt> + U(@](Kt))

This implies that the sorting conditions are pinned down precisely by which group

has a higher rate of income growth with respect to public capital, since

Pul (K, Kin) _ y/ (K (y?(KO _ yIL]((Kt)> (1.20)

OK0Kw  y™(Ky)



The following remark describes how sorting conditions are related to a group’s

growth rate with respect to capital.

Remark. As long as government expenditures are financed through a proportional
tax and preferences are quasilinear, opposite sorting conditions hold for the two

parties.

e If group P have higher income growth with respect to K than group R, the
(CSp) condition holds for P and the (CS}) condition holds for R.

e If group R have higher income growth with respect to K than group P, the
(CSy) condition holds for R and the (CS}) condition holds for P.

One can then apply Fudenberg and Tirole’s monotonicity result and conclude
that, as long as the effect of public capital on the ratio of the two groups’ incomes
is monotonic, the reaction functions of the two parties must be monotonic. Further,
one of the reaction functions has a positive slope while the other must have a negative
slope, the sign of the slopes depending exclusively on which group has the higher

income growth rate with respect to K.

Let the strategy of party .J, it’s choice of next period public capital, be denoted
by K7(K).

Lemma 3. Monotonicity of the reaction functions. If the ratio g,’fgg 18
monotonically decreasing in K, the reaction function of the P party is downward

sloping, and that of the R party is upward sloping.

dKP(K)
dK

KR (K)

<0 and >0

The converse is true when the ratio zigg 1s monotonically increasing in K.

Proof in the Appendix.

All the action is coming from the change to the price of public funds. The
marginal benefit curve of tomorrow’s public capital is independent of the current
state. If investment reduces the income ratio, this means it raises the price of
investment expenditures for the P party, since at the higher K the P group is
relatively richer. Therefore, the P party must prefer lower levels of next period

public capital when current levels are higher.
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1.5 The Linear Quadratic Framework

Linear quadratic problems, in which the stage payoff is quadratic and the transition
law is linear, have well known general forms for the policy functions and value
functions. I recast the model in such a way that I will be able to use the solution
methods of optimal linear quadratic control. These methods allow for an analytical
solution only in the form of an implicit solution to a complex matrix equation;
however, it is possible to solve the system numerically for particular parameter

configurations.

I assume that the utility of public consumption is quadratic and concave:

where v € R,. The transition law for public capital is linear
P —
y (K)=a+gK

where a > 0 is the income of a P-type citizen when there is no public capital,
and g > 0 is the growth rate of the income of a P-type with respect to public
capital. Crucially, I assume that aggregate income is unaffected by public capital,
y"(K) = y. While this assumption removes any effects from aggregate growth, it

still lets governments influence future inequality through their choice of investments.

The R group now see their income shrink when investments are made: y?(K) =
a® + g®K, where

ag

<0
11—«

a’ = — and g% = —
l—a 1—-« g
[ assume a < y: the P group are poorer than the R group in the absence of public

capital. T also assume that the system starts at the state Ky = 0.

In this context perhaps the language of “investment” and “public capital” may
not fit the story so well anymore. I am thinking of actions a government can
take to generate a more equal sharing of the pie while not particularly affecting
the size of the pie. One interpretation is that these are programmes that increase
social mobility, individuals born to families of moderate means now have a higher
probability of moving up the ladder, so these policies increase the future expected
income of those who are currently poor (and vice versa for the rich). There are many
ways in which governments can tackle social mobility. For example, governments can
introduce non-discrimination employment laws that will not increase overall levels

of employment but instead will increase the chances that a given job post goes to an
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individual from a more deprived background. They can also offer scholarships that
allow low-income students to access better education opportunities, often taking the
place of a richer student. These are both examples where actions today can lead to

changes in future inequality.

Another interpretation is that these are policies that are primarily redis-
tributive, rather than growth oriented, but are locked in for the future. Certain
expansions of the welfare state can be hard to reverse, for example the introduction
of a state pension or disability allowance. Once these programmes are in place, they
tend to be highly persistent, therefore they could be viewed as a type of long term
investment. Finally, certain land reforms could also fall into this category of pure

redistribution.

The first observation I make is that this framework requires the interaction of

the two groups and presence of strategic effects to generate interior solutions.

Lemma 4. Interior solutions for P’s strategy require the existence of both groups.
Interior solutions for R’s strateqy in any MPE require the existence of both groups
and threat of alternation in office; without either of these, R will always choose zero

public capital.

Proof in the appendix.

The setup has a lot of linearity, because the marginal growth rates of income
with respect to public capital are constant. In the presence of a single group,
the marginal cost of public funds is constant and there is no strategic motive for
investment. Either the marginal benefit from higher private income exceeds the
cost, and this is true for any additional units of investment so that there is no finite
solution, or there is a net marginal cost and no investment takes place (this latter

case certainly applies to R, whose private income shrinks with investment).

Interior solutions require a trade-off that brings concavity to the objective
function. For R it is the strategic effect that brings concavity because as it invests
more, the benefits of reduced social conflict eventually decline. For P, there is
additionally the price effect once there are two groups. As it invests more it faces
an ever higher price of public funds because inequality decreases. This is why for P
the threat of alternation may not be required for an interior solution, although the

presence of the R group will, in order for the price effect to exist.

To solve the two player model, I proceed according to the usual methods of
optimal control. While earlier I defined the value of the game for a player, for every
possible strategy profile, let me now denote by VI(K), VC(K), W!(K) and W (K)

the value of the game in equilibrium for each player and at each initial state (i.e.
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evaluated at the equilibrium strategies). For economy of notation, I drop the time
subscripts and let today’s capital level be denoted by K. The choice of capital
chosen for the next period is denoted K’. The policy function of player J, his choice
of next period capital K’, given today’s state K, is denoted by K (K).

I begin by assuming a quadratic form for the value functions of each player

(both when they are incumbents and challengers).

VI(K) = Ay; + By K + %W (1.21)
C
VE(K) = Ave + BycK + %CKZ (1.22)

are the value functions of the P type when it is the incumbent and when it is the

challenger, respectively. And similarly,

WH(K) = Aw + By K + %f@ (1.23)
WC(K) = Awe + BwcK + %I@ (1.24)

are the value functions of the type R when it is the incumbent and when it is the

challenger, respectively.

The policy functions can be found, in terms of the value function coefficients
(Ay, Bys etc), by solving the maximisation problem in a given period, taking as

given the form of the continuation value. For example, P solves the problem:

max ¢

,_GFK —(1-dK
G,K'

; )(a+gK)+v(G)

+ B (pVI(K) + (1= p)V(K"))

(1.25)

where I have substituted for the tax rate directly from the government budget
constraint. The choice of K’ is constrained to be feasible (i.e. the tax rate cannot
exceed 1) and non-negative: K’ € [0,y + (1 — d)K — GP(K)].

Assuming an interior solution, the choice of public consumption is given by the

condition %
G (1) = - oI (1.26)
The optimal investment will be similarly given by the first order condition
[/(\'P(K) _ ¢(a+ gK) _ (pBvr+ (1 —p)Bvc) (1.27)

By(pCvi+ (1 =p)Cve)  (PCvi+ (1 —p)Cye)
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Solving R’s problem gives us R’s policy functions.

G () = — o2 (1.28)
RR(K) = ¢(a" + g"K) _ (PBwi+ (1 —p)Bwe) (1.29)

By(Cwi + (1 =p)Cwe)  (pCwi+ (1 —p)Cwe)

The policy functions for investment are linear in the state, K. If [ substitute the
policy function K into the continuation value expression, one can see immediately
that the objective function, evaluated at the optimum, is indeed quadratic in the
state. That is, I have confirmed that the value function is quadratic, since the
maximisation over an objective with a quadratic continuation value in tomorrow’s

state maps back into the space of quadratic functions.

Now I can write the four Bellman equations that must be satisfied (two for each
player, in each of his incumbency states). For each of these to be satisfied at all
states K, the constant, linear and quadratic coefficients on either side of the equation
must be equal to each other (method of undetermined coefficients). This will yield

twelve equations for the twelve unknowns that characterise the value function.
Let us use the notation: Ay = pAys + (1 — p)Aye ete for other similar terms.

The Bellman equation for P in the state where he is incumbent, is:

Avi+ByviK + %z@ -

_¢(G+QK) + ¢lat+gK) By \ 1 - K

ol1- (7 v ) ( Bij cv> ( ) (a+ oK)
(a+gK)\ 1 (a+ gK)\> (1.30)
a a

#r (o) 5 ()

¢(a+gK) By Cy (¢la+gK) By’
4 AV+BV( ByCly _C_V)+7( ByCly _C_V>

The other Bellman equations can be similarly written down. They can be found
in Appendix A.9, along with the system of twelve simultaneous polynomial equations

that I obtain by applying the method of undetermined coefficients.

This system of equations, also known as the matrix Riccati equation, is as far as
I can go analytically. It provides implicit solutions for the value function coefficients
in terms of the fundamental parameters of the problem (a, g,y,7, ¢, 5, a,d, p), but

the relationship is highly non-linear and cannot be solved analytically.

In the remainder of this section, I focus on particular values of the fundamental
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parameters, in which case I can solve the matrix Riccati equation numerically. First,
I describe a benchmark case with interior solutions. As mentioned earlier, the fact
that the R group is willing to sustain positive levels of public capital despite the
direct erosion of private income to its group and lack of benefits in terms of aggregate
growth, points to a strong strategic incentive to moderate inequality in society. The
insurance motive I found in the two-period model therefore extends to a framework
with no termination date. Next, I explore several comparative static properties, and
provide some further insights on the incentives of the two parties which emerge in

this environment with more repeated interaction.

Once particular parameter values are selected, one can always solve the system
of equations coming from the method of undetermined coefficients. Of course in
order for the output from these equations to indeed be a solution to my problem, I
must check whether the following (sufficient) conditions hold for any of the numerical

solutions.

1. Second order condition: the continuation value of public capital is concave

with respect to K,

O?B(pVIK) + (1 —p)VE(K))
0K?

= B(pCy + (1 —p)Cyc) = BCy <0

2. Feasibility: the tax rate is non-negative and (weakly) less than 1,

~

G/ (K)+ K’ (K)— (1 —d)K
)

€ [0,1]

3. Non-negative public capital: K7(K) > 0.

The first condition ensures concavity of the objective function. If it holds, then
the first order condition I used to express the optimal choice of investment is a
sufficient condition for interior solutions. The last two equations ensure the solution

is indeed interior.

The solutions are twelve coefficient values for the four value functions of
the problem. In the first example I report the values of all the coefficients and
demonstrate that all the required conditions are indeed satisfied. Later I will simply

report the features of the solution that are of interest.
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1.5.1 Features of the Benchmark Case

The benchmark case has the following parameter values: a = 50, g = 50, y = 200,
v =200,p=0,35d=0.5,a=0.5, 5 =0.99, ¢ = 50.

The full solution is,

Vi Ay =2.08510 By =91.0 Cyr = 169
VEC: Ape=2.08010° Bye=2065 Cyc=—458
W Aw;=206210° By;=-1042 Cy; =144
W¢: Awe=205810° Bwec =940 Cwec = —482

The continuation value of both players is increasing and concave with respect to
K’ for some range of K’ starting at K’ = 0 (since the value functions are quadratic,
the continuation value will eventually decline with respect to K’). The marginal
value of the first unit of (next period) capital is By(= pBy; + (1 — p)Bye) =
1374 and Bw (= pBw; + (1 — p)Bwc) = 246 for the P and R parties respectively:
investment has benefits for both groups. This marginal benefit declines with the
size of the investment as seen from the C' coefficients of the value function: Cy (=
pCyr + (1 —p)Cyve) = —238 and Cw (= pCwi + (1 — p)Cwe) = —263. Therefore
the first order condition for K’ is a sufficient condition for an interior solution to

optimal investment.

Starting from an initial value Ky = 0 implies a high level of initial inequality,
and hence a high price of public funds for the R group, and a low one for the P group.
One immediate consequence is that as long as inequality is so high, P will choose
a high level of public consumption. Specifically in the first period, it will choose
GP (0) = 187 which requires taxing away 93.8% of aggregate income. In contrast
R would like a much lower level of public consumption, it sets CA?R(O) = 112 which
requires taxing away 56.2% of aggregate income. This is the static redistributive

conflict that I have already discussed.

The P group wish to increase the level of public capital; it both helps it be richer
(in terms of pre-tax income) and it has a strategic advantage by ensuring that if it
loses office tomorrow, the R group will be willing to finance higher levels of public
consumption. Its choice of initial investment is KP (0) = 5.7. The R party is also
willing to invest in public capital, despite the erosion to its private income, because
it is worried about the high levels of public consumption that P might choose if it
takes over. R chooses K R(0) = 0.60 in an attempt to reduce redistributive conflict

tomorrow.

In this example, the P party will invest to the point of inverting the ranking

37



of incomes, so that P-type citizens will have higher gross income in the next period
than R-type citizens. The R group will of course choose to preserve a higher income
than the other group. The P and R labels therefore only allude to poor and rich
in the sense of gross incomes in the absence of public capital; in equilibrium, the P

types will be the richer group in some periods.

All in all, the solutions imply affordable public expenditures: 77(0) = 0.97 and

78(0) = 0.57, and hence all three conditions for existence are satisfied.

The monotonicity properties are confirmed in the numerical example. The slope
of the policy functions has the right sign for each group:
OK"(K) _ g KUE) _ _g"

0
BY —ByCV<0and 9K _5yCW>O

This is again due to the effect of K on the price of public funds. As K increases,
the P group faces a higher price for public spending and therefore, both the choice
of public consumption and public investment will decrease. For the R group, the
converse is true; since it faces a lower price for public spending as K increases, it

will be willing to spend more on both items.

Both groups are better off starting off as incumbents: Ay; > Ayc and Ay >
ch.

For both groups, the policy function is such that, if they are continuously re-
elected they will eventually converge to a level of public capital from which they
don’t wish to depart: Kf, = 5.4 and K£ = 0.63. 1 will call this the parties’ steady
state levels of capital; however they will only persist as long as the identity of the
incumbent doesn’t change, if the opponent group enters office it will immediately
change the level of public capital. In the steady state of the P group the ranking of
incomes is reversed; the two steady states are close to being mirror images of each
other, but not quite. P faces the additional cost of maintaining relatively high K

and so its steady state tax rate is higher.

To summarise, I have provided a numerical example that proves that solutions
to the problem exist for at least some subset of parameter values. The solution
described involves the P party choosing high levels of investment, in particular when
the current state is low, while the R party choose more moderate but still positive
investment. This demonstrates that the strategic effect survives in the dynamic
environment. Equilibria in which the R group choose positive levels of investment
exist only when the strategic effect is sufficiently strong (for low enough p), and

when the redistributive conflict is significant (for high enough ).
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Figure 1.1: The absorbing set, [Knin, Kmaz)

Absorbing Sets

The benchmark example has one additional feature that applies to all the solutions
I work with: the existence of an absorbing set of states. This is a set [Kin, Kinaz]
such that once K € [Knin, Kmazl, it will remain in the set in all future periods.

As long as both policy functions satisfy, % € (—1,1) then both groups have
the feature of converging to a steady state that we discussed above. Further, because
of the slopes of the policy functions, P always jumps between choosing K levels

above and below K©

CER

while R always approaches KZ from whatever side it starts

off from. In all the examples I consider K7, > Kt

887

set is [Komin, Kmaz) = [KLE KP (KE)]*. The absorbing set of the benchmark case is

887

which implies that the absorbing

depicted in Figure 1.1.

1.5.2 Comparative statics and changing strategic incentives

I discuss how the equilibrium is affected by the fundamental parameters of the
environment, with a particular focus on the effect of the incumbency bias which I
identified in Section 1.2 as having a strong relationship with the strategic incentive
for investment. In each case, I plot the investment policy functions of the two groups
for various values of one parameter, while keeping the other parameters fixed at the

values used in the benchmark case.

10Tn principle, it would be possible to have cases where, KL,

would be [Kpmin, Kmaz] = [KF(KE), KE]

< K and if so the absorbing state
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Figure 1.2: Comparative static for the re-election probability, p

The effect of the incumbency bias

I first consider the effect that the probability of re-election of the incumbent has
on investment, and show that the result from Proposition 1 still holds in our fully

dynamic environment.

Figure 1.2 shows the effect of varying p on the two group’s investment policy
functions. The choice of investment by the P group increases as it becomes more
sure it will stay in office, while the R party invests less when it is more confident it

will stay in office.

R is investing because it fears that tomorrow the P party will take over and
spend extravagantly if it faces a low price of public expenditure because it is so poor.
The more likely the P party is to take over (the lower p is), the more R will invest
in reducing inequality, to moderate tomorrow’s public expenditures by P were it to

take over.

P also tries to moderate inequality more when it is more likely it will lose office.
Note that, as I described in the benchmark case, P is choosing high levels of public
capital that mean the P-types will have the higher gross incomes in the next period
if they get to govern today. Inequality is therefore locally increasing in K’ at the
equilibrium choice. As p increases the P government is less concerned about losing
office, therefore it invests more highly bringing about higher inequality in the next

period.

I have identified a set of equilibria for which the comparative static from

Proposition 1 carries through, but I cannot claim that this is true for all possible
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Change in p | % change in K7(0) when d = 0.4 | % change in K”(0) when d = 0.5
0.25 to 0.275 | 12.2 11.9
0.275 to 0.3 | 13.7 13.3
0.3t00.325 | 154 15.0
0.325 to0 0.35 | 17.5 17.0
0.35 to 0.375 | 20.0 19.3
0.375t0 0.4 | 23.1 22.3
0.4 to 0.425 | 26.9 26.0

Table 1.1: Effect of the depreciation rate on the comparative static for p

equilibria. Now that investment takes place repeatedly today’s government will also
be concerned about whether it’s investments today will be preserved in future. The
P government, which aims to maintain higher levels of public capital than R, will
be happy to invest more when it is more likely to retain office and not have its costly
investment undone in the next period. In equilibria where P overtake R whenever
they can choose investment, this effect reinforces the strategic effect. However, in
equilibria in which investment is more costly and P does not overtake R, the effects
would have opposite signs and it is possible that if the effects are strong enough the
comparative static for p is reversed: P may choose to invest more as p increases

even though this would reduce inequality.

I can confirm this effect with a simple test. When capital depreciates faster,
it matters less that R would undo P’s investment, because less capital survives
over time in any case. The effect of p on investment driven by the concern for
disinvestment reinforces the strategic effect, but it should do so less when d is higher.
Looking at the comparative static results when the depreciation rate is 0.4 and 0.5
(see Table 1.1), we do indeed find that the proportional changes in P’s choice of

investment as p decreases are smaller with the higher depreciation rate'!.

There is one more effect present in the fully dynamic model that was not in the
two period model: a party’s choice of public capital for tomorrow will also influence
tomorrow’s investment policies (as well as public consumption policies). P would
like R to invest more in general, therefore the more likely it is that R will take over,
the more he will want to encourage investment, which he can do by reducing the
price R faces (i.e. by investing more). This effect therefore goes in the opposite
direction to the dominant strategic effect which is to influence choices of public

consumption.

Since the whole policy function for P shifts up with higher p and that for R

Tt is appropriate to consider the elasticity of investment with respect to p because the lower
depreciation rate also results in higher baseline levels of investment. In other words, what I am
testing is whether the slope of P’s policy function is steeper when d is lower and more capital
survives.
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Figure 1.3: Comparative static for the marginal utility of money, ¢

shifts down, this implies that the absorbing set expands: K,,;,(= KZ%) is lower with
higher p, and K,,q.(= KP (KE)) is higher. A stronger incumbency bias therefore
also has the effect of increasing the variance of public capital, and consequently the

variance in payoff outcomes for the two groups.

Finally higher p leads to lower A; coefficients in the value functions of both
groups. A is the constant term in the value function and since the economy starts
at Ky = 0, it is the lifetime value for each group. Both groups in society end up
worse off when there is less turnover in office. This is because when p is higher,
the two parties’ policy choices are more different from each other. This is the same
intuition we discussed in Section 1.3: threat of turnover leads parties to mimic the
central planner outcomes to some extent by reducing the socio-economic conflict

and hence the variance in period utility.

The effect of the marginal utility of money

I next consider the effect of parameter ¢ on investment incentives. Figure 1.3 shows
how the investment policy functions of the two groups are affected as ¢ grows larger.
The effect on R’s investment choices of higher ¢ is to shift the entire policy function
down. Instead for P there is a rotation of the policy function: at low states, P will
choose lower next period capital as ¢ increases, but at higher states he will switch

towards larger investments.

Higher ¢ makes it more costly to raise government revenues in terms of utility
losses from reduced private income. This makes public spending less attractive

generally. The main item of expenditure is public consumption; when ¢ grows larger
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Figure 1.4: Comparative static for the initial income of the poor, a

choices of GG shrink and come closer for the two groups, so the static redistribution
conflict diminishes. The strategic incentive to invest is weakened and both parties
are less worried about keeping inequality low. This is why R invests less, and why
P invests more as ¢ increases. However, a higher cost of public funds also makes it
unattractive for P to finance the highest levels of investment, this is why its policy

function is lower at low initial K where it was investing a lot.

Higher ¢ leads to higher A; coefficients for both groups. There is a direct effect
through making the utility of money higher. Keeping all decisions the same, higher
¢ magnifies the value of income for both groups. There is also a positive effect

through G choices, because higher ¢ leads to lower redistributive conflict.

The effect of initial inequality

The level of initial inequality is determined by parameter a, the income of the P
group when there is zero stock of public capital. Higher a means that in the absence
of any public investment, the two groups have more similar incomes. Figure 1.4
shows the policy functions of the two groups at different values of a. Both groups

will invest less as a increases, and the absorbing set will also shift to lower states.

Raising the initial income of the poor has no effect on the slope of the marginal
benefit curve of K, it acts purely as a shift of the system, as if it started at a higher
initial value of K. Starting off at lower initial inequality and less redistributive
conflict means that for both parties the optimum, at which the net marginal benefit

of investment falls to zero, is reached with more moderate investment.

Higher a additionally causes both groups to have higher A; coefficients, so

43



P's policy function

—— =50

R's policy function

—g=50
———g=60

g=70
—-—-g=80

45 T

MNext period public capital
MNext period public capital

IEF -

I L L L
o [ 10 15 UED g 10 15

Current level of public capital Current level of public capital

Figure 1.5: Comparative static for the rate of income growth of the poor wrt capital,
g

both groups benefit from being in a society that is more equal absent government
intervention. This is driven primarily by the reduction in conflict over static
redistribution, and further because they are able to achieve low conflict spending

less on public capital.

The effect of the growth rate of P’s income with respect to public capital

The effect of g, which parametrises how effective public capital is in increasing the
P group’s income, on investment choices is shown in Figure 1.5. Higher g means
that P closes the income gap compared to R (and then pulls away) faster as capital
increases. Therefore the marginal benefit of investment also falls faster because
redistributive conflict diminishes at a faster rate. Hence both parties, invest less. R
can achieve its goal to reduce conflict with lower levels of investment, and P doesn’t

want to invest too much as it will quickly become too rich for its own good.

Interestingly, while the R-types end up better off as g increases (A rises),
the P-types end up worse off (Ay; falls). The reason is that with higher g the two
groups choose lower K levels, and this is true to the extent that although g has gone
up, P’s average income ends up being lower. This is a slightly counter-intuitive
result: when the technology to achieve dynamic redistribution improves, strategic
effects could mean that efforts to reduce inequality actually lessen to the extent that

the poor end up worse off.
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Figure 1.6: Comparative static for the discount rate,

The effect of the discount factor

A higher discount factor, 5, means both groups care more about the future. The
effect on investment choices is seen in Figure 1.6: P invests more at any initial K, R
invests more at low initial levels but actually invests less starting from high initial
K. The main effect is to increase the benefits of investment so that groups choose

higher capital in the next period.

For R there is another effect: high K investments lead to lower future income
for their group. The marginal benefit curve for them will be higher at low initial K
because here the dominant effect is addressing the threat of redistributive conflict
for which investment is helpful. But the MB curve will also decline faster, since
at higher levels of capital the private income effect comes to dominate. Higher [
will therefore mean more investment at low initial K but a flatter policy function

because the loss of private income is also given a larger weight when [ increases.

The effect of the deprecation rate

A higher depreciation rate d results in lower levels of investment by both groups, as
can be seen in Figure 1.7. If capital depreciates faster, this lowers its continuation
value. Parties invest because public capital has some value to their group. With
higher d however it is more costly to maintain the stock of capital at positive levels
period after period, and both parties respond by reducing their investment choices.

The absorbing set will shift to lower states.

Higher d makes the P group worse off, while making the R group better off.
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Figure 1.7: Comparative static for the depreciation rate of public capital, d

Since the set of equilibrium levels of public capital is lower when d is higher, P are

on average poorer and R are on average richer.

1.6 Conclusions

I have proposed a model in which partisan groups, protecting the interests of the rich
and the poor, alternate in political office. The government can redistribute in any
period by taxing and spending on public consumption, and it can also make costly
investments in altering the future distribution of gross income. Such investments
will have a strategic role: under threat of losing office to the opposition, who will not
redistribute as desired, incumbents will try to push the opposition’s fiscal preferences
closer to their own, i.e. to reduce the redistributive conflict in society. The main
insight of this work is precisely that the possibility of alternation will drive both
parties to engage in dynamic redistribution that will reduce inequality in gross
incomes. Efforts to keep gross inequality low will increase with the probability

of losing power.

The strategic incentive to keep gross inequality levels low is able to justify
support from the party of the rich for programmes that may even do direct harm
to its own group, like investments that are purely redistributive and hence, reduce
the income of their group. Acemoglu and Robinson 2001 find a similar strategic
incentive but in a more extreme setting: political elites may choose to reduce political
inequality by extending the franchise, if the threat of revolution is rather high. In

both cases, privileged groups willingly relinquish some of their advantage in order
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to reduce social conflict, but only when some sort of threat of expropriation exists.

My result suggests that political regimes in which a party has a firm grip on
power and there is little threat of turnover, will engage less in policies that lead
to equalising of incomes, for example investments in human capital. These regimes
may undertake large transfer programmes when they wish to protect the poor, but
they will rely more heavily on welfare relief and less on building up forms of public
capital that help the poor raise their productivity. The analysis of endogenous
elections suggests one exception to the main result: large redistributive conflict can
help give the party of the poor an electoral advantage, if the returns to this party
from raising inequality to increase its electoral lead fall with the size of its advantage,

then it may be more willing to reduce inequality when it is more secure in office.

Strategic interactions lead to distortions from the socially optimal investment
plan (that which maximises the utilitarian social welfare function), a form of
“political failure”. This is essentially due to the commitment problem that arises
because of uncertainty over who will set policy in future, and is reminiscent of
other results obtained in the literature (Alesina and Tabellini 1990, Besley and
Coate 1998). For investments that are mostly redistributive with little effect on
aggregate income, the results suggest there will typically be over-investment by
both parties as they both try to insure against future redistributive conflict. In
contrast, there could be under-investment in forms of public capital that significantly
increase aggregate output but at the cost of higher inequality. In the absence of a
benevolent (utilitarian) dictator however, welfare may increase for both groups when
incumbency advantage is lower, by encouraging policies that reduce socio-economic

conflict.
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Chapter 2

Risk Regulation with a Boundedly
Rational Public

Policy makers in charge of regulating risks that are not well understood by the public
often face pressure to make decisions which may not be in the public interest, in order
to salvage their reputation. I propose a formal model of accountability in which the
public update beliefs about risk by a heuristic approach, and retrospectively evaluate
the past decisions of policy makers according to current beliefs about risk. Policy
makers with good information about the true risks, but concerned with maximising
their reputation, will distort their actions away from the efficient policy. This is
driven by three different incentives: (i) they will suppress learning in order to prevent
beliefs taking a bad turn, creating a bias towards the safe action (tight regulation)
(ii) they will pander toward current public beliefs, and (iii) they will try to change
beliefs by deregulating if current beliefs don’t favour them. The essential trade-off
for the policy maker will be between manipulating the beliefs of the public, and
aligning his record of policy with beliefs. I consider how some institutional features
influence these distortions.
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2.1 Introduction

A sign at Piers Park in East Boston reads: “Bicycle Riding, Roller Skating, Skate
Boarding, Ball Playing, Kites, Scooters, Wheeled Toys, Swimming, Fishing, Fires,
Barbeques, Alcoholic Beverages, Glass Containers, Animals and Unlicensed Vendors
are Prohibited.” The dilemma faced by regulators who are accountable to the public
is illustrated by this seemingly banal example. When perceived risk is low and the
authorities regulate, they are condemned by public opinion for being overly cautious.
But when they deregulate they allow for the possibility that an accident may happen
and they will be blamed for their lax safety standards. A ban on these activities
prevents accidents from taking place but also prevents the public from revising their
opinions about risks, perpetuating discontent. The regulators face a catch-22 due
to the public’s wrong priors on risk, how their perceptions of risk are formed and
updated in response to events, and the retrospective assessment they face at the end
of the day.

Perhaps a more substantial economic example of a regulatory regime that is
influenced by public perceptions of risk is provided by the regulation of genetically
modified crops (GMOs). In Europe, regulation of GMOs has been much stricter
than in the USA, with the EU failing to approve the marketing of many GMOs
considered safe in the USA. Since the information available to regulators on both
sides of the Atlantic is essentially the same, this is a bit of a paradox. One possible
explanation for the different policies lies in the incentives of regulators to please
the public. Indeed, public perceptions of the risks of GMOs vary markedly across
the two regions: a 1995 survey of consumers reported that only 21% of American
consumers regarded genetic engineering as a “serious health hazard”; by contrast,
the comparable figure was 85% in Sweden, 57% in Germany, 39% in the United
Kingdom, and 38% in France!.

Pandering to public misperceptions is one possible consequence of exposing
regulators to public accountability. I attempt to formalise the mechanism by which
individuals form risk perceptions and apply them in their judgement of regulators.
The model I analyse provides a rich picture of the incentives of regulators, and of the
dynamics of regulatory policy making and public learning. The aim of this paper is
to study the interaction of public perceptions of risk and the public accountability

of regulators.

We know from the vast literature on risk perceptions, that individuals are liable
to make systematic and pervasive mistakes in their assessments of risk. Psychologists

have thoroughly documented a range of biases and heuristics applied by individuals

Thttp://ec.europa.eu/public_opinion/archives/ebs/ebs_341_winds_en.pdf.
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estimating probabilities for risky prospects. These biases are especially typical in
environments where risks are not well understood, for activities that are not part of

the day to day experience of the public?.

Further difficulties arise when the activities involve small probabilities of
catastrophic events; learning will be slow and quite likely influenced by the salience
of events. As one public health expert puts it: “knowing and understanding the
probability of the bad effect and, even more, “appreciating” it can be a challenge...
people have problems understanding small probabilities and often set a near-zero
probability to zero, thus ignoring it. Or sometimes they fixate on the adverse
consequence and ignore the fact that it almost surely will not happen” (Pauly 2007).
Both the priors and the updating procedure for beliefs about risk appear to suffer

from biases.

This paper contributes to the discussion of risks by considering the interaction
between the perceptual model of risk and the institutional environment. When
public officials and policy makers are accountable to the public, how do risk
perceptions affect the reputation of decision makers and their incentives to choose
policy? The accountability framework will bind the hands of public officials and

determine what they can and will do to manage risk and perceptions of risk.

This paper also contributes to the literature on inefficiencies caused by systems
of accountability. So far the literature has focused on rational models. Maskin and
Tirole 2004 have shown that public officials accountable to the (Bayesian) public
and whose motivations are uncertain, will tend to pander to popular policies. In
Canes-Wrone, Herron, and Shotts 2001, public officials differ in their information
about the appropriate policy and may pander, but may also take excessive risks to
forge a reputation of being in the know. Dewan and Hortala-Vallve 2013 consider
the setting where politician quality determines the success of risky reforms. This
means experimenting with reform has learning value, but this value is different for
voters and the incumbent, so that he may take too much or too little risk. I depart
from these papers by assuming the public are not fully rational, and by considering
a fully dynamic environment, which allows me to describe the evolution of beliefs

about risk, and of reputations, over time.

There is a question mark over whether the rational model is the most helpful
framework to describe and analyse certain policy environments. First, one may be
concerned about the cognitive demands involved in solving the public’s problem

rationally. This would suppose that the public have some underlying prior beliefs

2For example, surveys asking individuals to estimate mortality rates for different causes find
that for those activities that are considered uncontrollable or evoke feelings of “dread” individuals
tend to significantly overestimate risks (Slovic 1987).
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about the likelihood of encountering policy makers of different qualities, and also
over the possible levels of risk, that they understand how the different types of policy
maker will behave in equilibrium for every history of past actions and events and for
every state of the world, and that they can correctly update beliefs as new signals
are observed. The environment faced by the public in reality is likely to be even
more complex: policy makers may differ in their motives as well as their quality, the
environment may change over time, there may be other factors that influence risk

levels which are not under the control of the policy maker.

There is suggestive empirical evidence, from experiments and from the field,
that individuals assessing the performance of politicians and public figures often
rely on simple rules. This has been termed low information rationality by Popkin
1994 and judgement heuristics by Tversky and Kahneman 1974: when information
is costly to acquire and process, voters’ evaluation of politicians will be based on

various shortcuts. I discuss this literature further in section 2.2.

My analysis is based on the premise that the public will tend to simplify the
procedure by which they evaluate policy makers in such environments. The question
a rational individual would want to address is: how good should we expect future
performance of this agent to be? This is what will determine the public’s decision to
reward or retain the decision maker. When the environment is extremely complex,
the public may well fail to have a complete model for the information, constraints
and motivations of the decision maker, and instead is likely to address a simpler
question: how well does he appear to have performed in the past, or how good do

his past decisions appear today? Kahneman describes this process as substitution.

The updating rule for perceived risk, coupled with the retrospective assessment
rule, distorts policy makers’ decisions in several ways. On the one hand there is a
very strong bias towards strong regulation: even if the policy maker is well informed
about the risk and this is minimal, he may find it preferable to prohibit the activity,
even in some cases where the public would prefer to allow it. Tight regulation (and
in the extreme, banning the activity entirely) constitutes a “safe action” because the
decision maker can suppress learning and reduce his reputational risk. In contrast,
deregulation always opens up the possibility of an undesirable outcome. Second,
there is an incentive to pander to the beliefs of the public. If current beliefs about
risk are preserved with high probability regardless of the action taken, then the
decision maker will want to conform to those beliefs, even if he knows beliefs to
be misguided. Finally, there is an incentive to actively try to change beliefs. This
happens when the decision maker’s policy record is at odds with current beliefs and
is difficult to revise, but beliefs can be aligned by allowing the public to observe

events.
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The distortions are pervasive, even decision makers with perfect information
about the actual level of risk will engage in behaviour to enhance or protect their
reputation, causing a loss of public welfare. In many cases, policy gets stuck on
a suboptimal course of action. By assumption, my cognitive model implies that
learning is not necessarily converging to the truth. Even if the public are able to
observe infinite realisations of events, beliefs may remain unstable, with infrequent
disasters bringing periods of fear that may be gradually calmed by further exposure
to the activity or become entrenched if the decision maker yields to demands for

prohibition.

There is no simple remedy for these distortions to policy. In the limits of very
low and high levels of risk, increasing the duration of office terms or learning from
an “outside economy” will lead to better outcomes. But for intermediate levels of
risk these measures can also lead to inferior policy outcomes. Making it costly to
switch policy is helpful for preventing over-regulation in response to disasters because
regulators cannot change course. But it also increases conservatism ex ante, when

the public would support deregulation.

It is worth thinking about the extent to which it is the bounded rationality that
is driving results, and to what extent it is the usual agency problem. I address the
comparison of the two paradigms, rational and boundedly rational in an extension.
However the primary focus of this work is to consider the boundedly rational
world, this is the novel contribution to a much explored question of problems in
accountability. Just as in any rational model, different assumptions could have been
made. My assumptions are not arbitrary, they are motivated by well documented
psychological attributes and behaviours. The model produces a rich picture of the
incentives of regulators, in particular of the dynamics, which in some cases the

rational model struggles to explain.

In section 2.2, I provide a thorough discussion of the literature on both risk
perceptions and evaluation shortcuts, and use it to anchor the formal perceptual
model. I analyse the effects of the boundedly rational model of accountability on
incentives in section 2.4. I go on to consider some variations on the assumptions
about the institutional environment in section 2.5. Section 2.6 addresses how results

would be different under full rationality, and section 2.7 concludes.
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2.2 A Psychological Model of Risk Perception

and Performance Evaluation

2.2.1 The literature on cognitive biases

There is substantial evidence that individuals suffer from pervasive biases and
rely on simple heuristics when assessing risks, in particular in environments that
are unfamiliar and when dealing with small probabilities. Furthermore, there
is suggestive evidence that individuals take shortcuts and use simple rules for
evaluating the performance of individuals. I address each of these strands of

literature in turn.

Perceptions of risk

There is a vast literature in the field of psychology and decision making that tries
to understand how people form probability assessments when they have limited
information about a stochastic process. Starting with Kahneman and Tversky’s
seminal work on decision under uncertainty (Tversky and Kahneman 1974), and
supported by later studies that built on their work, two departures from rationality
have been identified: biases (where beliefs systematically depart from objective
probabilities due to the characteristics of the prospect or other irrelevant factors) and
heuristics (where individuals do not use available information according to optimal

statistical laws to update their beliefs).

Individuals tend to form quick intuitive judgements about difficult questions,
such as the risk level of a complex activity that they know little about. When asked
to estimate the probability of an event, they often revert to the availability heuristic
(Kahneman and Tversky 1973): they will guide their judgement by how easy it is
to recollect instances in their memory of the event taking place. This process will
be sensitive to salience effects®: more vivid and dramatic events may cause larger
revisions of probability estimates than less salient ones, and more recent events may
carry more weight than those further in the past. This is true even when recency
or salience has no bearing on the likelihood of an event today. Studies have also
found that other non-relevant elements may influence assessments of risk: a lack of

controllability or a sense of dread will often increase risk estimates (Slovic, Fischhoff,

3For example, in one experiment K&T ask individuals whether there are more words starting
with the letter K or with the letter K in third position. Individuals wrongly answered that those
starting with K are more common, because these are easier to retrieve, i.e. more salient in our
memory.
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and Lichtenstein 1979)%.

Individuals often favour the content of a piece of information over its reliability

°. This preference induces an outcome-bias. After disaster occurs the

or relevance
sense that they have seen disaster with their own eyes, or simple alarmist messages
found in the media, are likely to drown out the voices of experts with their technical
lingo and statistics. Further, psychologists have recognised a bias towards negative
information and experience (Baumeister et al. 2001): bad feedback makes a larger
imprint on our impressions. News about disasters will knock our beliefs dramatically
and that fear will not be easily erased by facts and figures provided by the authorities;
“disagreements about risk should not be expected to evaporate in the presence of

evidence” (Slovic 1987).

Another bias reinforces the outcome-bias: a belief in the law of small numbers
(Tversky and Kahneman 1973), the confidence individuals have that the frequency of
an event over a small number of trials might be a reliable indicator of the underlying
probability. Individuals may fail to recognise that extreme frequencies are observed
too often in small samples. As a result, after observing a small sample in which no
disaster is observed, individuals may infer that the risk is essentially zero; samples
with a high a rate of disaster (in the case of small probabilities, a single instance of

disaster) may also generate estimates that are too high.

These biases and heuristics are particularly problematic when dealing with
unfamiliar environments, which are highly technical and involve small probabilities.
As Slovic 1987 puts it, “the mechanisms underlying these complex technologies are
unfamiliar and incomprehensible to most citizens. Their most harmful consequences
are rare and often delayed, hence... not well suited to management by trial and error

learning”.

Evaluation of decision makers

There is some evidence from the empirical political economy literature that voters are
not fully rational when it comes to voting. For example, individuals’ voting decisions
are often influenced by information that is irrelevant when it comes to judging either

the preferences or skills of candidates. Achen and Bartels 2012 and Healy, Malhotra,

41t is important to distinguish between risk perceptions, and judgements about the acceptability
of risks. Both of these may be influenced by such factors but I am only concerned with the former
in my analysis.

5Base rate neglect is a typical example of this; K&T were first to introduce base rate neglect
into the literature: individuals overweigh superficial information that feels more representative
over statistical information about the population. See for example their experiment in Tversky
and Kahneman 1974 where, given a description of an individual, participants were asked to assess
the probability of the individual having different occupations.
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and Mo 2010 find evidence that incumbents’ probability of holding on to office can
depend on adverse events that could not have been foreseen or prevented, and for
which there was little to be done ex post, such as shark attacks, extreme weather
or results in local college football games. They describe the procedure by which
politicians are assessed as “blind retrospection”: voters are happy with incumbents
if they feel things are going well, without deeper understanding of the root causes

of outcomes.

Preventing shark attacks may be a tall order on politicians, but improving
economic performance is certainly something we expect our politicians to play a role
in. However, evidence suggests that voters often rely on naive rules of thumb based
on weakly informative criteria. Evidence exists of retrospective economic voting
where voters re-elect incumbents during good economic times and oust incumbents
in a downturn (Kramer 1971; Arcelus and Meltzer 1975; Bloom and Price 1975);
and of the micro counterpart of this, pocketbook voting, where voting is based on an
individual’s economic circumstances at the time of an election (M. P. Fiorina 1978).
Electoral prospects also seem to turn on the most recent conditions rather than the
record of success of a politician, and politicians duly respond to this (e.g. Tufte 1980
finds evidence that American governments engage more often in economy-expanding

policies close to election time).

The rational basis for economic or pocketbook voting is dubious: the connection
between economic shocks and incumbent quality is weak, especially when it comes
to fitful events, such as a sudden rise in oil prices or a tumble in the stock exchange.
The accountability of politicians is then best described as “rough justice” (M. P.
Fiorina 1981): when things seem to be going well voters will maintain confidence in

current leaders, and when something doesn’t seem right, heads will roll.

Popkin 1994 described voters as being subject to low information rationality:
lacking relevant information, or possibly overwhelmed by an excess of information
which they struggle to interpret, voters resort to shortcuts when they evaluate
politicians. One of the shortcuts he describes is the representativeness heuristic:
individuals compare the actions of the politician to their image of what a good

politician should be doing.

Finally, as M. P. Fiorina 1978 argues, retrospective voting need not be regarded
as “silly”: in fact it may be “individually reasonable and systematically desirable”.
The voters are not following random procedures and are not systematically wrong,
they are using simpler rules that are approximately right. Simple rules reduce
cognitive costs, provide a clear way for voters to communicate desire for change,
and create some good incentives for politicians who will attempt to prevent the

negative shocks which are anticipated to cost them their job.
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2.2.2 Anchoring the Psychological Model

I propose a cognitive model for how individuals update their perceptions of risk
and their judgements about those making regulatory decisions on their behalf. The
cognitive model is boundedly rational. Individuals do not have a complete model
in mind about the environment they face, specifically regarding the information
or objectives that the decision maker may have. Instead, they use simple rules of
thumb.

1. Perceptions of risk. Individuals’ perceptions of risk are modelled on the
availability heuristic and are outcome-biased. When assessing how likely a
bad event is, they look back over their experience of the activity. If instances
of disaster are easy to recall, they will form a high belief about risk; if they
struggle to conjure up examples of disaster, their belief will be low. Updating
will be adaptive in the face of new observations, and give a higher weight to
more recent observations. In the absence of new observations, beliefs will be
preserved. The model therefore has a flavour of much of what is discussed in

the risk perception literature:

e A strong outcome-bias;

e Limited memory, events further in the past carry lower weight despite

being equally informative;
e Underestimation of probabilities when no disasters are observed;
e Overestimation of events when a disaster is observed;
e Excess volatility of beliefs over time compared to rational learning;

e Arbitrary priors, initial beliefs can take any value and may differ
substantially from objective probabilities or experts’ assessments since

they may be driven psychological factors such as controllability or dread.

2. FEvaluation of decision makers. Individuals engage in a retrospective assess-
ment of past decisions. They do not conjecture the reasons why a decision
maker could have made mistakes in the past, to what extent these were driven
by greed and special interests, by ineptness of the decision makers or by bad
luck. They apply a simple rule of thumb: do past policies chosen by the
decision maker match what I think, at this point in time, he should have been
doing? I propose a reputation function that penalises deviations from what is

today perceived to be good policy® and has the following features:

6Individuals are assumed to use today’s beliefs to judge yesterday’s actions, they are not
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e A record with more frequent and/or recent” deviations from good policy

is more heavily penalised;

e Deviations that generate a larger social cost are more heavily penalised
(for example, deregulation is more heavily penalised the larger the loss

incurred in a disaster and the higher the perceived risk of disaster).

The model depicts an individual who is clearly naive, and in more than one
way. Some assumptions may seem more plausible and others more extreme. That
individuals may have the wrong prior on risk is strongly supported by many studies

of risk perceptions®.

Perhaps more worrying is the assumption that individuals neglect the strategic
information about risk from agents’ choices: an activity that is allowed indicates
some knowledge on behalf of decision makers. It is not difficult to come up with
examples of individuals stubbornly disagreeing with the authorities about the risks
they are exposed to: resistance to GM crops, unresponsiveness to measures to
improve road safety, deaf ears to warnings about environmental risks. A lack of
information about the specific forces influencing public officials’ decisions, and more
generally low trust in the public process, may help explain why individuals rely
heavily on what they see and experience, as more tangible evidence of the risks they

face.

Finally, the case for a rough rule of retrospection is based on two observations.
First, for many environments it is not feasible for individuals to have a good
understanding of the full model with all its complexities. Second, I refer to the
literature on retrospection in elections, which strongly suggests that individuals
punish those in charge according to rather crude measures of performance. This is
supportive of the claim that in complex policy environments the rational model may

in fact perform quite poorly in describing people’s behaviour and beliefs.

forgiving for the fact that the regulator himself may have also learnt over time. Kahneman 2011
describes how “Once you adopt a new view of the world you lose much of your ability to recall
what you used to believe before your mind changed”. This effect has been widely documented in
experiments where people were asked to express their opinion on a topic, say the death penalty,
then hear a set of arguments, and report their views again. When asked to retrieve their previous
attitude people are unable to. What is now believed seems, to the individual, to have always been
apparent. Fischhoff and Beyth 1975 proved this hindsight bias in a real life example: they asked
individuals to estimate the probabilities of several possible outcomes of a visit of Richard Nixon
to China and Russia in 1972. He then asked individuals to recall their estimates after the events
took place; people systematically overestimated their original guesses for events that were realised
and underestimated them for events that were not.

"There is substantive evidence that voters focus too heavily on recent rather than cumulative
signals of performance; see for example Kramer 1971, Achen and Bartels 2004, or Huber, Hill, and
Lenz 2012.

8See for example, Slovic, Fischhoff, and Lichtenstein 1979 where beliefs about mortality rates
for different causes showed participants’ estimates were widly off the mark.

o7



It may seem unnecessary to deal with both cognitive assumptions simultane-
ously; in fact it would not make sense to use them individually. If voters do not
have a complete model in their mind of what is motivating the decision maker,
they cannot use the strategic information from policies to deduce anything about
either risks or the quality of decision makers. Estimating risks ignoring the strategic
information from observed actions goes hand in hand with a non-Bayesian model

for quality assessment.

2.3 A Baseline Setup

An activity is to be regulated by a decision maker (DM hereafter), the outcomes
from this activity will affect the wider public. The activity generates some gain, a,
in every period in which it is allowed to take place; these gains are deterministic
and commonly known by all individuals. In each period, with some probability
the activity results in a disastrous event which causes a large social loss, L; this loss
is again well known by all individuals, the probability of disaster however, is not. I

assume that all individuals are risk neutral?.

The DM must choose whether to ban or allow the activity, v, € {0,1}. When
the activity is banned the gain cannot be accrued but the risk is avoided altogether.
When the activity is allowed the gain can be enjoyed and an event will take place,
2 € {0, 1} which describes whether or not a disaster occurs (let z; = 1 correspond to
the case of disaster). This implies that the welfare maximising strategy is to allow

the activity so long as the risk is not too high, specifically so long as ¢ < ¢ = €.

I formalise the cognitive model described in section 2.2. The public’s beliefs
follow an adaptive law of motion with respect to observed events; when none are

observed, they preserve their old beliefs.

(2.1)

- 061+ (1—=0)z ify =1
Et =
€1-1 if y =0

where ¢ € [0,1]. This implies that the public do not infer anything from the DM’s

actions about the risk itself.

In addition, at every point in time, the public summarise the DM’s policy record

through an aggregate measure of his past decisions, ;. The updating rule for the

9This is in order to focus on the preferences over uncertainty created by learning and
accountability, rather than by explicit tastes for risk.
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policy record is again adaptive:

Ue = phi—1 + (L = p) ue (2.2)

where p € [0, 1].

The public will use a rule of thumb to evaluate the DM, which is based on
the degree of alignment between his record of policy and the policy perceived to be

correct at that point in time. The reputation payoff at time ¢ is:

This reputation function will drive all our results and reflects the retrospective logic

described in section 2.2.

To interpret this expression, suppose first that perceived risk is lower than the
critical value &, < €. The indicator function takes on the value of 1: the optimal
record would be to have always allowed. If the record is g, = 1, then the DM is
considered to have made no mistake and he suffers no penalty. Instead if 3, < 1, his
past actions are considered to be mistaken, and the lower g; the bigger the mistake.
Also, the higher the expected gain from allowing (a — &,;L) is, the more heavily they
penalise this mistake because the DM is perceived to have generated a larger loss of
social surplus. Thus, the lower the belief €;, the higher a and the lower L, the larger

the penalty. The converse applies for the case &; > €.

The question the public are asking is: how good are the past actions of the
decision maker? This is in contrast to a rational model, where the reputation
would be a belief about the type of the decision maker, be it well informed or

well intentioned.

I model the DM as a perfectly informed, fully rational agent, who knows the
structure of the game, including the evaluation rule he faces. He maximises the
expected discounted sum of reputation payoffs for the remainder of the game at

each stage. I assume he knows the level of risk perfectly!?. Let the discount rate of
the DM be 5 € [0, 1].

The game proceeds as follows. First, the DM chooses and implements the
current period policy, 3. If the activity is allowed, all observe the event z; and
all update their beliefs about risk. After this, the public evaluate the DM and he

receives his reputation payoff. These stages are repeated in every subsequent period.

10Tt is a straightforward extension to allow him to have uncertainty over the level of risk.
Specifically, as will be shown, the model will be linear so that he only cares about the expected
value of € at any time.
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Figure 2.1: The reputation payoff function
2.4 Analysis of Baseline Setup

One can describe the problem in terms of a state space characterised by the belief of
the public about risk and by the record of policy of the DM: (£, 7). The reputation
payoff function can be mapped in this space. Figure 2.1 shows the contours of the

reputation function when ¢ = 0.1.

A dashed line separates two regions corresponding to the cases of low beliefs
(€ <€), where there is public support for allowing, and high beliefs (£ > £), where
the public want to ban the activity. Darker contour lines correspond to a lower

reputation payoff.

Within each of these regions, the reputation payoff function varies monotoni-
cally. In the region of € < £, the payoff increases as one moves northeast in the state
space. In the region of € > £, the payoff increases as one moves southwest in the

state space.

When € < £, the public support allowing the activity. The DM will be better
off the higher his policy record is, and if his policy record isn’t perfect (g < 1), then
he will be penalised less when the public are close to indifferent than when they

think the risk was extremely low and allowing had a higher expected payoff.

When € > £, the public support a ban. The DM will have a perfect record if
g = 0. If he has § > 0, then the higher the record (the more often/recently he has
implemented the policy of allowing), the worse his reputation. Further, for a given

record, the higher the perceived risk, the more he is penalised for having allowed.
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On the dashed line itself, the payoff attains its highest possible value, zero,
because the public are indifferent between the two actions so consider the DM has

made no mistake, regardless of his past policy choices.

I make the following assumption for the analysis.

Assumption 1. (Small probabilities / volatile beliefs) For any initial belief,
the observation of a single disaster event will cause the public to believe that banning

is optimal: 1 — 9 > €.

It will be useful to first outline some general properties of the model, for any
number of periods. I refer to the expected discounted sum of reputation payoffs
for some strategy as the value of that strategy. Since the reputation payoff has a
maximum value of zero in each period, the maximum possible value of a strategy at

any time is zero.

Lemma 5. Whenever the public are indifferent between the two actions at the start
of a period, €,_1 = £, the DM can guarantee the highest possible value by banning

for the rest of the game .

Since the reputation payoff works as a penalty function and a public who are
indifferent sees neither action as deserving of a penalty, banning will not be penalised
under current beliefs about risk. Further, banning freezes beliefs and therefore
ensures that initial beliefs are retained until the time of the evaluation. This logic

holds no matter how many periods are left in the game.

Lemma 6. If the public are in favour of banning, &,_1 > €, and the DM has a record
fully aligned with banning (§;—1 = 0), he can guarantee the highest value possible by

banning for the rest of the game.

Banning is able to achieve both goals of retaining current beliefs and perfectly

aligning the record with current beliefs.

Lemma 7. As long as there is risk, there is conservatism: that is, for any §;_1 €
[0,1], as long as € > 0 and 6 < 1, there exist beliefs £, < € such that it is optimal

to ban.

Proof. Lemma 5 says that starting from a state on the indifference line and banning
forever, the DM can achieve the maximum possible value, zero. The payoff from
banning increases continuously with respect to &;_; in the region €;,_; < €. Therefore,
the value of the strategy “ban forever” must also fall continuously from zero as we
move to initial states with £,_; < £. So one can make the value of such a strategy

arbitrarily small by taking &;_; close enough to £.
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Instead, if the DM allows today, at least one of the outcomes will result in
a reputation payoff that is strictly negative. Specifically, given Assumption 1, if
there is a disaster, the payoff will certainly be negative at least for that period.
Therefore, for any (£,_1,7;—1), the value of a strategy that starts with y, = 1 is at
most (pgi—1 + 1 — p)(a — (0é;-1 +1 —9)L) < 0. This cannot be arbitrarily small.

The value of banning today is at least that from banning for all periods from
today. Hence, there must be states close enough to indifference where the value of

banning is higher than that from allowing initially. [

Lemma 7 says that there will always exist states where the public would like
for the activity to be allowed, but the DM will ban. I will refer to this phenomenon
as conservatism - it is a case of the DM being perceived to be overly conservative;

he may in fact be taking the socially optimal action.

In the remainder of this section, I start by considering the one-shot game. Since
the beliefs are updated only after the action is chosen by the DM, even the one-
period model already captures the essential trade-off for the DM. I then proceed to
analyse a two-period model in which the DM can start with a clean slate and choose
his initial record. This is followed by an analytical example of the infinite horizon
game, where I restrict the DM’s choice to a decision in the first period that will be
locked in forever after. Finally, I use a numerical approach to confirm that results

carry through to the general infinite horizon environment.

2.4.1 One-Period Model

Suppose the DM starts the game with some initial record go, aware that the public
currently believe the risk of a disaster is £y, but that these will be updated after he
sets policy and events are observed. What is the optimal choice of the DM for each

initial state (&9, 9o)?

Using the feature of regional monotonicities, it is possible to show that the
net incentive to ban - the difference between the expected payoff from banning and
from allowing - is also monotonic with respect to the state variables, within each
region. In addition, this incentive is continuous with respect to the components of
the state. Therefore, the optimal strategy of the DM will be characterised by a
threshold condition and these thresholds will vary continuously and monotonically

as we move along one dimension of the state space within certain regions.

Proposition 3 describes the solution to the DM’s one-period problem. It
characterises the set of states where allowing and banning are optimal and describing

the location of these sets and the boundaries separating them.
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Proposition 3. The optimal strategy of the one-period game is characterised by a
partitioning of the state space into, at most, three sets. (1) There always exists a
set of states where banning is optimal, which contains the states (€,7o € [0,1]) and
(€0 > €,0). (ii) There may or may not exist a (path-connected) subset of the region
with €y < € where allowing is optimal and, when it exists, this region always contains
the state (0,0). (ii1) There may or may not exist a (path-connected) subset of the
region with €y > € where allowing is optimal and, when it exists, this region always
contains a set of states with jo = 1. These subsets, call them B, A; and Ay, can

be described in terms of thresholds.
o For &y < &, there exists a single threshold, ur, (Jo), such that

A = {(&0, %) €0 € [0, p, (F0)) , Yo € [0, 1]}

if ur(go) > 0 for some go, and A, = (0 otherwise. There exists a level of true
risk, &, such that if ¢ <&, ) (§o) > 0, and if e > &, p) (go) < 0.

o For &y > &, two thresholds exist pg (o) and pgm (Yo) such that

A = {(0,%0) |é0 € (1 (To) » e (Fo)], Jo € [0, 1]}

if e (go) < 1 for some o, and Ag = () otherwise. If ¢ > &, then pgy (go) = 1

for all yo. If ¢ < &, then there exist a subset of 1y, in [O, l()l(l_f;ﬂ for which
pra (Yo) € [pm (Jo) , 1] For all parameter values, iy (§o) < 0 and pyy (o) >

0.

Proof in the Appendix.

I provide the graphed solutions for some example parametrisations in Figure
2.2. In all cases a = 1, L = 10 (implying a critical value € = 0.1), allowing the other
parameters to vary: p, ¢, and . Regions where the decision maker allows are shown

in grey and those where he bans are shown in white.

Figures 2.2a and 2.2b show the solution when beliefs are more volatile than
the policy record, with a lower actual risk on the left (¢ = 0.05 < £) than the
right (¢ = 0.2 > £). Figures 2.2c and 2.2d are the solutions when the values of the
parameters p and ¢ are exchanged and the policy record is more easily adjusted than
beliefs.
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Dynamic incentives

The examples provided all confirm Lemma 7: for states with £y < €, where the
public are nearly indifferent between the two policies, banning will be preferred

because the penalty for conservatism is low.

In the region of low perceived risk, £y < &, the public currently believe that
the DM should allow. Suppose the DM has a strong record in favour of allowing
(7o = 1), his current situation is favourable. If he continues to allow, conditional on
no disaster, he will look good tomorrow. But there is the risk that a disaster will
happen and his high record will be heavily penalised. This is the case of hindsight
bias: the public, who now think the risk is high, are sure they knew it all along, and
so punish him for the act of allowing, even though at the time of allowing the public
supported this action. If he bans, beliefs will be preserved but the record revised

down, leading to some penalty.

It will be optimal to allow if the reputational risk is low (¢ low, and ¢ high)
and the reputational (sure) loss from eroding the policy record is high (p low). This
explains why in the top left-hand corner of Figure 2.2a the DM allows but he doesn’t
in the same states of Figure 2.2b where risk is higher because of the higher . It
also explains why there is more allowing in that corner in Figure 2.2¢ than in Figure

2.2a, because of the less volatile beliefs and more malleable policy record.

If his record of policy is strongly against allowing (7o =~ 0), banning the activity
means his record will seem badly at odds with what he should be doing. By allowing,
he better aligns his record with beliefs, which are likely to be preserved. But the
DM also faces the risk that disaster will be observed, pushing beliefs up above the
critical level. If his record doesn’t adjust too much by the instance of allowing, then
this swing in beliefs will make the still low record look not too bad. If the upwards

revision of the record is large, the penalty when beliefs swing will be high.

Allowing will be optimal if the beliefs are likely to be preserved (¢ small) and
pandering is effective (p low), or if beliefs are likely to swing (¢ high) and the
record mostly preserved (p high). This explains why in the bottom left-hand corner,
allowing happens for a larger set of states in Figure 2.2¢ compared to Figure 2.2a.

In the former case pandering is more effective due to the lower p.

How the threshold varies with 75 depends on the actual level of risk e. If risk
is actually extremely low, then the incentive to ban decreases with g, because at
higher 7, there are larger downward revisions to the record after banning, making
conservatism less attractive (u} (go) > 0). If risk is not so low then conservatism

is more attractive as g, increases because the penalty in the case of disaster would
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be particularly high (47 (o) < 0). This inversion of the slope of the boundary of

region Aj, can be seen comparing Figures 2.2¢ and 2.2d.

Next, let me consider the region where perceived risk is high, £y > £. Here the
public currently believe that the activity should be banned. Now banning has the
double advantage of being the safe action and being able to align the record better
with current beliefs. Therefore, at low g, it will be optimal to ban. Also, again close
enough to indifference, it will be optimal to ban and avoid any swings in beliefs,

since the penalty for 75 > 0 is small.

When g, is high the DM faces a high penalty as things stand. If p is low and by
banning he can align his record with beliefs quickly, he will do so (see Figures 2.2¢
and 2.2d, where he mostly bans when beliefs are high). But if this is not possible
he can attempt to moderate beliefs. This requires allowing, so that the public will

observe new events, most likely no disaster, and adjust down their belief about risk.

The details of the boundary of region Ay are subtle. First, when ¢ is small
and 0 < 1, there exist some states close to, but not immediately adjacent to, the
indifference line, where it is optimal to allow. Beliefs here can be reversed or at least
brought down very close to indifference. It is worthwhile allowing because with high

probability, allowing will look good under the new beliefs.

When the risk of disaster is small but not too small, the incentive to try to
moderate beliefs is strongest when beliefs are most extreme because the marginal
damage of disaster is smaller: beliefs cannot get much worse. Allowing will happen
in the top right-hand corner of the state space. This is what we see in Figure 2.2b.
Instead when the risk of disaster is very small the dominant trade-off is between
the no disaster scenario, where beliefs are moderated but the record pushed up, and
banning, where beliefs remain extreme but the record is better aligned. For low
initial record, 9o, banning is quite attractive because the penalty won’t be too large.
While allowing can be attractive when one can moderate beliefs close to indifference,
this becomes too costly with more extreme beliefs. This explains the case in which
the boundary between the banning and allowing regions slopes up in some region

and we get the two thresholds. We observe this in Figures 2.2a and 2.2c.

Generally, both actions may align the record better with beliefs, depending on
whether beliefs are above or below the critical level. But the two actions have very
different effects on learning. Banning has the advantage of being a “safe action”
because there is no uncertainty over future payoffs, no large swings in beliefs are
possible. In contrast, allowing reveals new information which may shift beliefs to be

more or less favourable for the DM.
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Comparative Statics

The discussion of the dynamic incentives already suggests how the sets B, A and
Ap will vary with the key parameters of the problem, § and p, since these determine

the elasticity of beliefs about risk and about the record of policy.

Proposition 4. The thresholds have the following comparative statics:

° ‘%L > 0 and, for every vy, there exists a value of actual risk, £, such that if
e < & then aaLpL < 0 and if e > & then E)g—pL > 0, where £ is increasing with T
and & > 1 at yo = 1;

BHH é 8MH é 8MH .
o Z# <0 when puy < %, =55 >0 when pg > £ and o < 0;

o Q%HTH<OandQ%>O.
o

Proof in the Appendix.

For pp, higher § (more stable beliefs) reduces the risk of allowing because the
beliefs after a disaster won’t be too extreme, therefore there will be less conservatism.
The effect of p depends on actual risk. Consider the case of g9 = 0; p determines
how much the record will adjust if the DM allows. If risk is low enough, then
allowing is less attractive the higher p because the DM cannot pander to current
beliefs effectively. Instead if risk is relatively high, allowing is more attractive if the
record doesn’t adjust too much, because when disaster occurs, a low record will look
better. Now consider ¢y = 1, in this case p affects how much the record will adjust
when the DM bans. Conservatism is more costly if the record will be eroded away
a lot by one instance of banning, so the threshold will decrease with p regardless of

the riskiness of allowing (i.e. regardless of ¢).

What happens in the region with high beliefs, £y > £7 Close to the indifference
line, when beliefs are more volatile (lower ¢), after the public observe no disaster
the belief is moderated to a lower level, beyond the indifference level. But the
reputation payoff will be highest close to indifference, therefore there will be a
stronger incentive to allow and alter beliefs when these can be brought as close
as possible to indifference, i.e. when ¢ is higher. Instead, for initial beliefs higher
than §, it is more tempting to allow and try to moderate beliefs, the more these can
be lowered after observing no disaster. Hence higher ¢ will lead to more banning
here. High p will increase the incentive to allow, and therefore expand the Ay area,
because banning now is ineffective at moderating the policy record and the DM is

more willing to take a risk to bring down perceived risk.
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Where things go wrong and where things appear to go wrong

It is clear that there is plenty of scope for inefficient behaviour. I need to consider
two things: when is the DM taking an action that is inefficient according to the
true risk, and when is he doing so from the point of view of the public? This would

correspond to an objective and subjective definition of misbehaviour.

Remark. If the risk is low (¢ — 0), there will always exist states where the DM is
objectively inefficient. If the risk is high enough (¢ — 1), it is generally the case
that the DM is efficient in every state.

The strong bias towards the safe action, as described by Lemmas 5 and 6,
implies that banning must take place in some non-empty set of states. This is true
even when the risk goes all the way to zero!'. In contrast, high enough risk can

dissuade a DM from allowing at any state.

Remark. The optimal action of the DM may contradict both the objectively correct
policy and the perceived correct policy, and do so simultaneously, for either correct

policy.

Perhaps the most surprising case is that in which the DM chooses to allow the
activity even though the public are strongly opposed to this, and he knows risk to
be above the critical level. It happens as a result of the inability of the DM to clear
his policy record. If he is heavily invested in his position of supporting deregulation,
and a single observation of no disaster can effectively moderate beliefs, he may have

more to gain from allowing than banning, even though it is socially undesirable.

2.4.2 Two-Period Model

I will make the following assumption in the two period model: in the first period
p = 0, so that the first period choice fully determines the record of policy for that
period. At the start of period 2 the policy record will be extreme, 7; € {0, 1}.

Proposition 5. In the two period game, the optimal action by the DM in each period
t € {1,2} is characterised by a set of thresholds. In period 1, there exists a pp1 < é
such that it is optimal to allow if and only if €y < pp1. In period 2, if g1 = 0, there
exists a pup 2 (0) < € such that it is optimal to allow if and only if €9 < pr2(0);
if ;1 = 1, then for the case that p > 0 there exist two threholds, ppo (1) < €
and ppo (1) > €, such that it is optimal to allow if and only if €9 < pra (1) or

1With the exception of the special parameter case, § < & and p = 0, where the DM can moderate
even the most extreme beliefs to below the critical value and simultaneously perfectly align his
record with allowing.
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€0 > pm2 (1), and for the case that p < 0, there exists an additional threshold
prme (1) > pme (1) such that it is optimal to allow if and only if €9 < pra (1) or
€0 € (pu2 (1), pmme (1))

Proof in the Appendix.

The qualitative solution is the same as in the one period model. The additional
insight is that, if allowed to choose one’s initial record, then the DM will ban in
any state where perceived risk is above the critical level. The evaluation procedure
provides no incentive for a DM to educate the public if they are mistaken in thinking
the activity too risky: the public will not be suspicious of a DM that acts according

to their prior on risk, and allowing always entails a risk to the DM.

Setting p = 0 in the first period means we can focus on the top and bottom
edges of the state space for period 2, i.e. 3 = 0 and y; = 1. Supposing the DM
originally banned, the picture looks similar, banning is the optimal action except
possibly for a range of beliefs close to £; = 0. Allowing later on in the game may be
less attractive because the DM has no opportunity to fix things if disaster occurs,

however, it also reduces the opportunities for a disaster to be observed.

If the DM allowed in the first period, there may be two regions of beliefs where
he finds it optimal to persevere and continue to allow in the second period. This
happens again at the lowest £;, where the public would like him to allow and he can
pander to their beliefs, and possibly at a set of high &;, where he is facing a high
penalty and may prefer to address it by moderating beliefs rather than adjusting
the policy record.

2.4.3 Irreversible Policies

Extending the framework to infinite periods is not trivial despite the recursive
structure of the problem. To make the problem analytically tractable I focus on
the case of irreversible policies. This is also an interesting application because many
regulatory decisions are to some degree costly to reverse. This also allows me to
check whether the lack of penalties for changing policy may have played an important

part in shaping the results presented so far.

Even with the restriction of irreversible policies, solving the problem analytically
is complicated by the kink in the reputation function because one needs to know
what side of € the belief is on, for every history of shocks {z1, z,...}. I therefore
analyse the problem for the extreme case of § = 0 where beliefs are maximally
volatile. For this case, it is possible to write down the value of each action at each

initial state.
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I show that the decisions will depend on current perceptions of risk and on the
DM’s initial stance on regulation in exactly the same way as the previous finite time

models with reversible policies.

Proposition 6. In the case of irreversible policies, and with 6 = 0, the optimal
strategy is characterised by a partitioning of the state space into, at most, three sets.
(i) There always exists a set of states where banning is optimal, which contains
the states (¢,9o € [0,1]) and (9 > £,0). (i) There may or may not exist a (path-
connected) subset of the region with &y < € where allowing is optimal; this region,
when it exists, always contains the state (0,0). (i) There may or may not exist
a (path-connected) subset of the region with &y > € where allowing is optimal; this
region, when it exists, always contains the state (1,1). These subsets, call them B,

Ap and Ay, can be described in terms of thresholds:

o A single threshold, py, (go), for €y < € such that

A = {(80,%0) [0 € [0, 1z (%0)) , 9o € [0, 1]}

if ur(go) > 0 for some 4o, and Ap = () otherwise. There exists a level of true
risk, &, such that if e < &, p} (go) >0, and if e > &, p) (g0) <O.

o A single threshold, py (90), for €y < € such that

An = {(€0,%0) [0 € (e (90) 1] 90 € [0, 1]}

if e (Go) < 1 for some 4o, and Ay = () otherwise. Whenever region Ay exists,

we have Py (go) < 0.

Proof in the Appendix.

The reason why there is no longer the case where the boundary of Ay has
an upward sloping section is because of the assumption that beliefs are extreme
(0 = 0). Earlier we described how, if the beliefs were very extreme, and the DM was
not confident that observations of no disaster would succeed in moderating them,
he might give up and ban in order to align his policy record with the pessimistic
beliefs. Now this is not a concern, and at higher beliefs the value of allowing is the
same, while the value of banning decreases for any g, > 0; so the DM will ban for
all beliefs above the threshold py (o).
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2.4.4 Infinite horizon, numerical solution

Solving the problem analytically for an infinite horizon problem is not possible
because of the discrete jumps in the state variables - one cannot write down the
expected discounted flow of payoffs along any given path. However, the problem is

stationary and I can solve it numerically.

The Bellman equation for the problem is

A (é:t’pgt) + ﬁv (§t7 pgt) )
V (&, 9:) = mazx (1—e)A (0, pyi+1—p)+eA (06, +1—=06,p5:+ 1 —p)
+B[(1 =€)V (&, pJe + 1 = p) + eV (68 + 1 — 6, p5: + 1 — p)]

The operator on the RHS of the equation defines a mapping, call it T. T
satisfies Blackwell’s sufficient conditions for a contraction mapping (monotonicity
and discounting). Therefore I can use the contraction mapping theorem: the solution
to my problem is the fixed point of a contraction mapping and, further, I can iterate
on the Bellman equation from any initial (continuous and bounded) guess for the

value function and can be certain to converge to the solution.

This is precisely the algorithm that I use in the numerical approach, starting
with the simplest candidate value function Vg (%9, &0) = 0 for all go, & € [0,1]. The
only simplification required now is a discretisation of the state space, but since my
action set is binary I am able to choose quite a fine grid: 1000 x 1000. Nevertheless,
the discretisation has caused the boundaries of the region not to be perfectly smooth
in some cases; the jaggedness of the boundaries is an artifact of the discretisation,

not a new feature of the solution in the infinite period model.

The results are qualitatively equivalent to the one period case. Figures 2.3a-2.3d
show the solutions to the problem using all the same parameters as in the examples

we studied in the one period model (with one additional parameter, 5 = 0.7).

The main conclusion of all of these simulations, and of all the earlier results, is
that whether the regulator will ban or allow depends not only on the fundamentals
of the process being regulated (the actual risk €, and the gain and loss parameters).
Instead the decisions will be strongly influenced by the psychological parameters, p
and ¢. The process by which perceptions of risk update and by which regulators are
able to rebrand themselves as pro or anti regulation, will determine in large part
how regulators behave. This decoupling of decisions from the fundamentals of the

process will of course generate suboptimal policies.

The properties from the one period case carry through. First, it is clear that the

benefits of the safe action for the decision maker still play an important role; there
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is always banning close to indifference and when beliefs are above the critical level
and the record is low. Allowing is optimal in regions which are essentially described
by Proposition 3: the state (0, 0) is always included in Ay, Ay always contains high

o states. A higher actual level of risk always shrinks the set of allowing states.

Paths, events and absorbing states

There always exists a set of states where the DM bans forever once it reaches one
of these states - absorbing states. There are four cases for the paths in which the
decision maker allows at some point, which depend on the parameters of the problem

and the initial beliefs.

1. It may be that if disaster occurs early on, the DM falls into a banning absorbing
state, but that once he has allowed for a period of time, he will allow no matter
what in the future. If actual risk is low enough then he will find it optimal
to maintain a strong record of allowing, and when disasters occur he may be
confident in his ability to moderate beliefs if he perseveres in allowing. This
happens when ¢ is small, and p > §. These are the dynamics of the case in

Figure 2.3a.

2. He may allow if the public continue to support the activity but switch to
banning if disaster induces fear. When the beliefs are not too volatile and risk
not too high he will find it optimal to continue to allow as long as the public
are strongly in favour of it. After a disaster however, he may find it easier to
change his record of policy by starting to ban. In this case then, for an infinite
horizon model, allowing is partly steady, or conditionally steady (conditional
on no disaster) and banning is a steady state. This happens when ¢ is not too

high and p < §. Such dynamics arise in the cases of Figures 2.3¢ and 2.3d

3. He may become cautious while beliefs are in his favour, but be stubborn in
allowing if beliefs turn against him. If the record of policy is quite difficult to
adjust after the first action, then the DM prefers to ban if beliefs currently
favour him as he can avoid swings in beliefs while retaining a reputation for
being (mostly) in favour of allowing. If beliefs are against him, the best he can
do is allow and moderate beliefs since it will be difficult to persuade the public
he now supports a ban on the activity. What we observe then is that as long as
beliefs are in favour of allowing, the DM will tend towards a moderate policy
record; if beliefs turn against him he will start allowing. If he can persuade
the public that the activity is quite harmless, then he will reenter the cycle

that yielded a moderate record. If he cannot moderate beliefs enough then he
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will allow for a few periods, until beliefs are less extreme and eventually enter
the banning absorbing state. This will happen at intermediate values of ¢ and

when p > 9. This is what happend in Figure 2.3b

4. Finally he may become cautious in the future no matter what. If the risk
is relatively high (from his point of view) he may always want to maintain a
moderate record, and may not feel it worth the risk to continue to allow once a
disaster has occurred. In that case eventually all paths end up in the banning

absorbing state. This will happen at intermediate values of € and when p < 6.

When ¢ is high there will be no allowing.

2.5 Institutional variations

I consider how changes to the institutional constraints faced by the DM affect
outcomes and, where possible, I comment on whether certain measures are welfare-

enhancing.

Outside signals

Suppose now that the activity is being pursued in a neighbouring locality, and the
public get to observe the outcomes there. Now the decision maker cannot completely
control the beliefs of the public, in particular, he no longer has a safe action. I
assume that if the public observe only the outside signal, s, which is identically and
independently distributed as the local shock z, they adjust beliefs according to the
rule

ét — 5neigh§t_1 + (1 o 5neigh) Sy
and if both events, local and from outside, are observed then the adjustment will be
Er =0 (6" 1+ (1—0""") s) +(1—6) 2
The solution is still of the same form as the earlier problem!?. I focus on
some examples to illustrate the basic point that increasing information (as long as

the public factor it into their learning to some extent) generally improves policy

outcomes, but not for every state and parameter configuration.

12The full solution to the problem will be a complicated function of the parameter §™¢9" and
the initial state, because now whether in the next period there is a jump between regions (above
and below ¢€) depends on the initial state and the two events z; and s; so there are many different
cases to consider.
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First consider the region of low perceived risk, £y < £. When actual risk is very
low, the presence of outside signals expands the allowing set; when the risk is very
high it shrinks the allowing set. For intermediate values of e, the threshold with

outside signals is higher at low g, and lower at high .

The intuition is as follows. When the risk is extremely low, the outside signal
will almost certainly result in s; = 0, making the new beliefs more extreme, &, < &,.
This makes it more costly to ban, because a lower record will be assessed against the
lower €1, and therefore the incentive to allow increases. When the risk is high, the
probability that at least one of the two processes will generate a disaster becomes
substantial, and even that of two disasters is non-negligible; therefore there is a
stronger incentive to ban in the presence of more signals. Finally, if the actual risk
is small but not so small, the probability of two disasters is not really significant, but
the probability of at least one disaster is. At low g, this increases the incentive to
ban, because the DM hopes that an s; = 1 event will persuade the public that risk
is high while he maintains a low record, yielding a very high payoff if disaster does
occur. For high 7y instead, there will be less conservatism. The s; signal serves as a
form of insurance against extreme beliefs; the probability of observing one disaster
is higher but it is counteracted by observing none for the other process and this

reduces reputational risk overall.

Notably now, when risk is extremely low, there may be no conservatism at all
at high 7y so that the DM will allow even when the public are indifferent. This is the
result of his inability to freeze beliefs. Since beliefs will be lowered by the s; signal,
if p is relatively low, the DM will not want to erode his record when he anticipates

beliefs will change in favour of allowing.

In the region of high perceived risk, £y > €, let’s consider a couple of particular
cases. For example, first suppose that p is high (p > §) so that in the model without
outside signals we know there is a strong incentive to allow in order to moderate
beliefs. Further, suppose that the boundary between the banning and allowing
regions lies far enough east that even if 21 = s; = 0 was observed, beliefs would
remain above the critical value (they can be moderated, but banning will still be
favoured). This is the case for intermediate € (e.g. case in Figure 2.3b). In this
case, the presence of outside signals increases the incentive to ban and the set Ay
shrinks. The reason is that the DM can now rely on the outside signal moderating
beliefs, while he moderates the record. This can prevent situations of inefficient
stubbornness, where the DM sees no option but to allow as a way to moderate

public beliefs.

Finally consider the case of low actual risk (the case of Figures 2.3c and 2.3a)

and ¢ is relatively high. In the model without outside signals it was optimal to ban
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close to indifference but also at more extreme beliefs. The reason why the DM was
banning for &, > upy(7:), was that beliefs couldn’t be sufficiently moderated; if
the public are too pessimistic, the DM gives up and bans. The presence of outside
signals will make allowing more attractive, because he can be quite certain that the
public will observe two instances of no disaster and the beliefs can be brought down
further. Again, more information can reduce inefficiency; in this case, excessive

regulation.

Summary of effects of outside signals. Allowing for additional information
in the form of external signals generated by an identical process can be helpful,
especially for preventing excessive regulation when the risk is really very low. The
additional signals avoid the problem of policy getting trapped in the (no longer)
safe action. The public cannot be prevented from acquiring information and the
DM cannot exploit a state of perpetual ignorance. Further, multiple signals reduce

how volatile beliefs are and this reduces the reputational risk of allowing.

Finally, if the public’s rule for learning did not have the feature of forgetfulness
then allowing for additional signals would be strictly welfare improving in the long
run because whether or not the DM himself provided information by allowing
himself, the public would converge to the truth using the s signals. Eventually,
the DM would find it harder to manipulate beliefs and would be limited to aligning
his record with the true best policy.

Longer office terms

Next, I consider the effect of lengthening career terms. I do this by looking at the
comparative static on 3 in the model I analysed in section 2.4.3 with irreversible
policies. One can interpret 8 as the probability of staying in office for one period
longer. Under this interpretation an increase in 3 represents longer average time in
office. The effect of 3 on decisions is driven by the long run payoffs that are reached

only if the DM stays in office long enough.

For the threshold in the region £, > ¢ we have

The threshold in this region is thus increasing in the expected time in office. In other
words, if the public are currently against allowing the activity, then lengthening

career terms will make it more likely that the DM bans.

The long run value of banning is very high when perceived risk is high, call it
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Vg = 0. Instead the long run value of allowing is V;>* = ¢ (a — L), which is strictly
negative for any ¢ > 0. If the DM is more confident he will stay in office for long,
then banning becomes more attractive because of the higher probability of reaching

the value V. Hence the threshold moves out, and the banning region B expands.

This feature carries over to the infinite horizon models without the additional
assumption about irreversibility of policies. It is driven by the ability to generate
perfect payoffs in the future (with certainty) by banning, which is not possible along
paths where the DM allows.

Since this property is true for all values of e, the tendency towards tighter
regulation as terms get longer may be welfare-decreasing. For values of risk below
the critical level we would like for the DM to take more risk and educate the public,
but he will be less willing to do so when he has time to realign his policy record

with public beliefs while facing no reputational risk.

For the threshold in the region of low perceived risk, &, < &,

0
sign (ai) = sign ((1- )& — e (1 i)
Now the long run payoff from banning is not zero, it is V° = — (a — &L) < 0. The

long run payoff from allowing is the same as before.

For ¢ — 0, the threshold is increasing with the average time in office because
V™ is close to zero. So in this case, conservatism will decrease. For large enough ¢,
V> will be very low and the threshold will decrease with 3. Therefore, in the limits
e — 0 and € — 1, longer office terms generate better policies: low actual risk leads

to more allowing and high risk to more conservatism.

The effect of 8 also depends on how heavily invested the DM is in his regulatory
position. At low g longer terms generally lead to better policy choice. The condition

at gp = 0 becomes
sign (aa—/g) =sign((1 —¢)é—¢)

For small € probabilities, this is not too different from sign (¢ — €), so that the effect

of higher 3 on the threshold is welfare increasing.

However, it may well be the case that for ¢ > ¢ we get more pandering in the
region of low beliefs if the probability of survival is higher, especially at high g,. This
will hinge on the parameter p: when p is low, then the record quickly adjusts down
after banning and the costs of choosing the banning path (given that &, < &) are
experienced soon, so that 8 doesn’t much affect V. When p is high instead, these

costs arrive only after several periods so higher § yields a lower V and a stronger
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incentive to pander. This means that the threshold p; may be increasing in S at
values of ¢ well above the critical level. In those instances, longer terms in office

make things worse.

Summary of the effects of longer office terms. Increasing the length
of terms in office will exacerbate the bias toward tighter regulation when public
perceptions of risk are high, often to the detriment of public welfare. In the region
of low perceived risk, extending terms is a good measure in the limits of low and
high risk and when dealing with near zero probabilities, but it may exacerbate the

problem of inefficient pandering for intermediate probabilities.

Policy flexibility

Finally, I evaluate the effect of making it costlier for the DM to change policy.
Consider, as an example, the dynamic paths in Figure 2.2d. For any path where the
decision maker would not change course, introducing a cost to switches will make no
difference. So crucially, in the absorbing states where the DM bans forever, adding
a cost to switching will not affect outcomes. In what follows, I consider the cases

where the policy maker will want to change course with some probability.

Consider region Ay where perceived risk is high, but the DM would like to
allow. He does so because his policy record is high and this is hard to reverse.
However, if the perceived risk is extremely high, he is not hopeful that he will be
able to convince the public that allowing is optimal. Instead, he will allow until
beliefs are moderated somewhat, and then he will start banning. On the boundary
of the region, he is indifferent between giving up now and banning, or attempting
to moderate beliefs. When we make switching costly, the value of banning forever
doesn’t change, but the value of allowing does because it will then be costly to
switch to banning later. Therefore, banning in these states must be more likely
ex-ante with costly switching. In the states further from the boundary, it will still

be worthwhile for the DM to allow, and ex-post banning will be reduced.

In the region of low perceived risk, consider the states with low 7y in the A
region. Here the DM is allowing, but since his record is low, if a disaster does take
place, he would very much like to switch to banning at this point. Again, removing
the option to switch (or making it costly) will reduce the long-run value of allowing
and lead to more banning ex-ante (and less banning ex-post). This is the same
pattern as for the Ay region. In the region of higher 7, we sometimes find that the
DM tries to maintain a moderate policy record; in the case of binary actions, this
involves cycling between allowing and banning (conditional on no disaster). But the

intuition described above carries through: allowing still loses value when the DM
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will not be able to switch to banning after disaster, and therefore the DM will be

more likely to ban ex-ante.

Summary of the effects of making policy switches costly. Making it
costly (or impossible) for the DM to switch affects decisions through two channels.
Ex-post the DM will be forced to persevere with policies that he may wish to
abandon, and this can reduce inefficient over-regulation, especially after disasters
are observed. But, anticipating this, the DM will be less willing to allow ex-ante

compared to the case of flexible policies.

2.6 Comparison of Full Rationality and Bounded

Rationality Predictions

There is quite a lot of freedom in how one could specify a fully rational model for
this environment. Crucially we need to specify more about the incompleteness of
information: we need a notion of quality of decision makers, a set of possible states
of the world (risk levels), and some beliefs over the distribution of qualities and risk
levels at the start of time. The most natural case is for policy makers to differ in
their information about the risk: suppose good types know the level of risk perfectly

and bad types have a noisy signal.

In a one-period version of such a model, one result is that a decision maker that
chooses to allow and is successful (i.e. a disaster is not observed) always has the
highest reputation regardless of the priors. Suppose that the bad type gets a low
risk signal with the same probability as a good type, but it is more weakly correlated
with the true state. If both types were to follow their signals, then the bad type
should more often pick to allow when the risk was in fact high, so that observing
no disaster should cause the posterior to be higher than the prior, and observing
a disaster should cause a lower posterior. In fact, there is no pooling equilibrium
(where both follow their signals) because the bad type would do worse from allowing,
even if he observed a low-risk signal. The equilibrium will be semi-separating: the
bad type will ban after a high-risk signal, but after a good signal he will also ban
with some probability because banning has a lower risk. This again pushes up the
posterior after allowing and no disaster. Taking the risk and succeeding always

receives the highest reward.

If the probability of disaster is very low, then Bayesian updating will result in
a no-disaster event making very little difference to beliefs. That is, the reputation
after allowing and no disaster is very close to that after banning; voters are generally

ambivalent about policy makers (the exception being when disaster happens; this
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does significant damage to their reputation). Another way of saying this is that, in
equilibrium, the public reward dissenting decision makers (who go against the prior)

as much as those who conform to prior public beliefs (conditional on no disaster).

In the rational model the most informed types always follow their signal. The
arbitrage of the two actions will make the less informed types indifferent, and
the good types (with their superior information) strictly prefer the right action.
Therefore distortions are limited, the bad types will ignore their signal with some
probability by playing the action that is less often induced by their information.
These features are true even if good types are not perfectly informed and for any

prior in the one period game.

Next consider a repeated game, for simplicity, suppose there are two periods.
The state of the world is realised at the start of the game and stays constant in
all future periods: risk is the same over time. Assume that a policy maker obtains
all his information at the start of time; later on in the game, he only observes
the outcomes of allowing, the same as the public. Suppose that the good type is
perfectly informed, or has sufficiently accurate signals that observing disaster does
not lead him to reverse his belief that the true state of risk is low after a low risk

signal.

In equilibrium, the good types should follow their signal at all times, but
then the bad types must also choose constant policies, otherwise they would reveal
themselves. So an equilibrium exists in which out of equilibrium beliefs are that any
decision maker deviating in their policy is a bad type and no one deviates. Such a
model cannot explain paths in which regulators change policies over time, and in

response to events, something that is observed often in the real world.

Are there equilibria where deviation is possible? If the good type has a perfect
signal, this cannot be the case. Since the public know that good types follow their
signal in the first period, they will never reward deviation. What if the good type
has an imperfect signal? Then as long as his signal is accurate enough that a single
disaster event yields a posterior that still favours allowing, the same is true. The
good type should continue to allow; and therefore the bad type will mimic him and

persevere in his policy choices too.

The driver of distortions in this model is that the bad type is not able to
correlate his action with the state as effectively as the good type, which introduces

an additional reputational cost to allowing.

The beliefs about the true underlying state will be strongly influenced by actions
taken so that often, a player’s reputation may suffer despite the fact that the

public retrospectively judge his decision to be most likely correct. So there is often
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dissonance between beliefs about the quality of the agent, and the quality of his
decisions. For example when the decision maker bans, the public will typically be
persuaded that the activity is unsafe, but it still damages his reputation. Banning
is interpreted as a sign of weakness, even though the public think he did right.
This kind of dissonance does not arise in the boundedly rational model since by
construction the DM is judged to be good precisely if his action appears to be the

right one.

2.7 Conclusions

Understanding the effects of public accountability on the incentives of public
officials has never been more relevant than it is today, with increasing demand for
accountability in every area of public life. More positions in public office are being
put up for election (e.g. police commissioners in the UK); politicians are reverting
to public consultations on complex policy decisions such as the country’s nuclear
programme or membership of the EU; public employees are increasingly exposed
to judgement by service users (e.g. malpractice litigation against physicians in the
US). Greater accountability brings undeniable benefits in terms of better scrutiny of
activities where there may be conflicts of interest, and more flexibility to oust under-
performing officials. However, it also brings some costs and this paper is an attempt
to understand the types of distortions that will arise and how the institutional design

changes things.

I present a model for how risk regulators are held to account by the public and
the effects of this accountability on policy choice. I propose a heuristic approach
to accountability. This is motivated by substantive evidence from the field of
psychology that individuals suffer from persistent biases and rely on simple rules
in their perceptions of risk, and additionally on suggestive evidence that in complex
environments individuals judging performance resort to shortcuts. The public will
judge regulators by a simple retrospective assessment: how good do past policies

seem today, in light of observed events?

I derive results for a number of dynamic problems, varying mainly the time
horizon of the decision maker, and the characterisation of the solution is robust
across all of them. The policy maker will attempt to match up public beliefs and
his record of policy. This creates dynamic incentives to pander and to manipulate

learning about risks, whether by preventing learning or encouraging it.

These incentives provide a rich picture of the paths of decision making, as

the beliefs and policy record evolve. The analysis suggests, for example, that
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deregulation is more fragile in early days because the decision maker is more willing
to change course in the case of a bad shock, as it is easier for him to change his
record. Regulators with a strong history of supporting some activity or industry can
have reputational reasons for being stubborn in their support after disaster happens,

because it is harder for them to shake off their anti-regulation stance.

This may help to explain, for example, why different countries with similar
information and circumstances have arrived at very different nuclear power policies.
In Ttaly, the government was slow to get off the ground and by the 1980s only a
handful of plants existed or were under construction; therefore, after the event at
Chernobyl, the government did not find it too costly to reverse its stance on nuclear
power: all existing reactors were decommissioned. The experience in France was
very different: in 1974 Prime Minister Pierre Messmer announced a huge nuclear
power programme aimed at generating all of France’s electricity from nuclear power,
and indeed France installed 56 reactors over the next 15 years. This programme
continued largely undisturbed after Chernobyl: policy makers persevered and waited

for public alarm to subside.

The model also suggests that we are more likely to find moderate policy
approaches when the public support deregulation and more extreme ones (either for
or against regulation) when public concern about the activity is high. Deregulation
always involves reputational risk because beliefs may change. If the public support
deregulation, the decision maker may prefer to maintain a moderate record'? in case
beliefs are reversed. Also, by introducing only limited deregulation the policy maker
reduces the probability of an event that may change beliefs. On the other hand, if
the public perceive the risk as high, the regulator will not benefit from intermediate
levels of regulation. He will either try to persuade the public that the underlying
risk is low, by deregulating and letting the public see that disaster is very rare, or
he will try to quickly erase his association with the activity by banning the activity

entirely.

My results also point to a strong bias towards the safe action (tight regulation).
For any non-zero level of risk the decision maker will prefer to ban for certain initial
states, and he will ban forever. Educating the public is not in itself of any value
to a regulator in these circumstances. In the Bayesian model, risk-taking would be
rewarded: a regulator that chooses to allow and is succesful would always have the
highest reputation in equilibrium. Here, that is not the case; the public are perfectly
content with a regulator that does not challenge their beliefs and regulators will be

complacent in prohibiting activities that are feared by the public. This provides one

13We can also interpret the moderate record as persistently choosing intermediate levels of
regulation rather than mixing between allowing and banning.
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explanation, for example, for why some drugs are almost universally illegal despite
many experts supporting legalisation. As long as the public believe that the risks
of legalisation outweigh the benefits, they will praise the decision to ban and their
beliefs will be preserved. Beliefs may change over time through other channels, but
a regulator who cares only about his reputation, will not benefit from changing

perceptions.

The model provides a framework to analyse other questions. I focus on
understanding the effects of a number of institutional variations. The analysis
suggests that increasing the amount of information that the public observe, by
providing them with additional “outside” signals, can improve welfare. The largest
effect will be a large reduction in conservatism, as the decision maker no longer has
a monopoly over the learning of the public and banning ceases to preserve beliefs.
Extending the length of terms for decision makers causes more conservatism when
the public favour strict regulation; when they favour deregulation, longer office terms
lead to better policies for the extremes of low and high risk. Finally, I consider
the effect of limiting policy flexibility. Costly switching prevents decision makers
resorting to banning after disasters; however, it increases ex ante conservatism and

the welfare effects are ambiguous.

83



Chapter 3

Incumbency Effects and
Ideological Extremism in Elections

I propose a model of incumbency effects where political candidates vary in quality
and compete over policy platforms. Any kind of electoral bias will bias policies
towards the favoured candidate. However, I find that an electoral bias against
the incumbent leads to more extreme ideological positions than one in his favour,
because of the effect on polarisation. When the incumbent is systematically
favoured this makes the value of winning to parties higher, giving them a dynamic
incentive to compete more fiercely and close the policy gap. Incumbency effects
arise endogenously when (rational) voters observe imperfect information about
candidates’ competence. When the distribution of quality is skewed towards poor
quality, two effects (selection and exposure) act in opposite directions. When the
information about challengers is of too low a quality, selection may be very weak
and incumbency disadvantage may arise.
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3.1 Introduction

It has been observed that many democracies display incumbency effects, systematic
electoral advantages (or disadvantages) for incumbents. Incumbency effects will
affect how competitive elections are and therefore the policy choices of competing
parties. For example, if candidates expect that winning hurts their chances in
tomorrow’s electoral race, and popularity tends to swing systematically between
the parties, they will be less willing to compromise on their policy offering in order

to attract votes; instead they will simply wait for the tide to turn their way.

I propose a model of political competition on a one-dimensional policy space
between two policy-motivated parties, which have ideal policies on either side of the
median’s preferred policy. Policy platforms are perfectly observed and there is full
commitment to them. Politicians are also characterised by their competence, which
has value for voters but is not perfectly observed. Voters have some information
about the competence of a new candidate; they may know about his credentials from
past positions held and may observe him during the electoral campaign. For the
incumbent, voters have some additional information from his track record in office.
They vote for the candidate who gives them higher overall utility, considering both

their competence and policy offering.

First, I analyse the effect that incumbency biases have on policy choice.
Previous literature on the static probabilistic model of voting has shown that a
bias towards one of the candidates will bias average policy in favour of the more
popular party, and that uncertainty over today’s electoral outcomes will increase
policy polarisation (Lindbeck and Weibull 1993). Both these types of distortion
will increase overall policy variance. The question I address is what happens in a
dynamic setting, where elections are repeated and the bias depends on the outcomes
of previous elections. 1 find that a bias against the incumbent is particularly

detrimental in terms of generating larger policy variance.

Holding office has value, because it allows the governing party to set policy
closer to its ideal than the rival party would. Conditional on winning, choosing a
platform closer to the party’s ideal gives the party higher utility. But by moving
away from the median’s ideal, the party hurts its chances of winning and it becomes
more likely to end up with the less desirable policy of the rival party. This provides

the usual trade-off in probabilistic voting models.

In the dynamic context, the value of increasing today’s probability of winning
depends on whether winning today gives the party an edge over future opponents.
When there is an electoral bias that favours the incumbent, there is an added benefit

to offering a more competitive platform: winning today means tomorrow one has to
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fight less hard to win office. When elections are biased against the incumbent, the
incentive to compromise on policy is weakened, now there is a cost to winning today.
Even though the net effect of any electoral bias is to increase policy variance, the
dynamic effect described implies that variance increases more steeply with a bias in

favour of the challenger than a bias in favour of the incumbent.

I next consider how incumbency effects could arise endogenously. The question
of what drives incumbency effects is a particularly interesting question in the light of
some recent empirical work which has found that developing countries often display
incumbency disadvantage. Several models have been proposed to explain the strong
incumbency advantage typical of public offices in Western countries, particularly the
US. So can we find an explanation for both incumbency advantage and disadvantage?

What would determine which democracies fall into each case?

One mechanism that has already been shown to generate endogenous incum-
bency effects is voter learning about an imperfectly observed dimension of candidate
quality (Ashworth and Bueno de Mesquita 2008). I show that if we generalise
the model and allow for skewed distributions of quality, then the structure of
information, specifically differences in the quality of signals generated on the job
versus outside the job, is crucial in determining whether an incumbency advantage
or disadvantage emerges. When the distribution of qualities is skewed to the right
(so that it is more likely for a candidate to have below average quality than above

average), two effects will arise from voter learning that go in opposite directions.

The selection effect, standard in the literature on incumbency advantage, is a
positive filtering of candidates - elected candidates reached office because they had
a (weakly) better reputation than their opponent. Therefore in future elections they
should perform better than a randomly picked new challenger. However, being in
office has an exposure effect, since it makes more information about the candidate’s
quality available to voters. This could mean that, if one performs badly, voters would
rather vote in a challenger that they know little about rather than the incumbent

who they are more convinced is bad.

When it is more likely that a candidate has above average quality, both effects
go towards creating an incumbency advantage: selection does the initial filtering,
and exposure only helps give the incumbent more chances to display his (likely)
higher quality. But when low quality candidates are more common than high ones,
the exposure effect is negative: incumbents have more chances of being exposed
as mediocre. In this case, an incumbency advantage emerges only if the selection
filter is sufficiently good. This translates into a condition on the accuracy of the
different types of signals: incumbency advantage emerges when the signals for new

candidates are sufficiently accurate relative to those produced by an incumbent in
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office.

The empirical literature in political science measures the incumbency advan-
tage: the difference in probability of winning between incumbent politicians running
for re-election and candidates running in an open seat election. Note that earlier
I referred to an incumbency bias, the electoral lead the incumbent has in a given
election. In the endogenous model, this bias will not be fixed but will depend on a
state (the track record of the incumbent). The incumbency advantage is defined as
the conditional expectation of the incumbency bias (conditional on reaching office).
In my combined model of competition with ideological policies and competence, I

find that polarisation depends on the unconditional incumbency bias.

Section 3.2 presents a model where candidates and voters have ideological
preferences on a one-dimensional policy space, and consider how a fixed incumbency
bias affects competition over policies. Section 3.3 presents a model for endogenous
incumbency effects based on differential learning about incumbents and challengers
in an election where candidates vary in quality. Section 3.4 combines the two
elements, competition over ideological policies and competence, and presents some

insights about welfare. Section 3.5 concludes.

Related Literature

The rise of ideological polarisation in political competition has been gaining
attention in the political science literature. McCarty, Poole, and Rosenthal
2006 consider rising polarisation in the US, and show a correlation with growing
inequality. Feddersen and Gul 2014 propose a model in which election outcomes
depend on support by voters and donors. Uncertainty over the weight of each of the
groups generates polarisation. Prato 2011 and Nunnari and Zapal 2014 also propose

dynamic mechanisms that generate ideological extremism.

Over the last 50 years, a large empirical literature has looked at the effect of
incumbency on prospects for re-election. This literature initially focused entirely on
developed countries, and mostly on the US House of Representatives!. The literature

consistently found a strong incumbency advantage in elected offices.

Zaller 1998 suggests this might be driven by voter learning and Ashworth and
Bueno de Mesquita 2008 formalise this intuition. They propose a model of selection
and strategic entry, where voters observe information about candidates prior to an

election, and elect candidates with better signals of quality. Therefore, once in office

Tt is not possible to provide an exhaustive list of references, but some notable contributions
include Alford and D. W. Brady 1989, Ansolabehere and Snyder 2002, Jewell and Breaux 1988,
Cox and Katz 1996, Cox and Morgenstern 1993, Ferejohn 1977, Gelman and King 1990.
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they are likely to outperform challengers who have not been through the electoral
filter. Further, opposition parties may not find it worthwhile to search for new
candidates, if the incumbent has a strong reputation and search is costly. These
results are shown for the case in which the underlying distribution of types (for all

candidates) is normal and therefore symmetric.

More recently, evidence has emerged in sharp contrast to earlier findings: it
appears that the pattern of incumbency effect is precisely the opposite across much
of the developing world, where incumbents suffer from an electoral disadvantage.
Molina 2001 confirms this for much of Latin America, Linden 2004 and Uppal 2009
find the same result in state legislatures in India, and Titiunik 2009 confirms a

similar picture for Brazil’s mayoral elections.

In my model of learning about candidate quality, I borrow the underlying
framework from Ashworth and Bueno de Mesquita 2008 with two modifications.
First, I allow for the distribution of candidate quality to be skewed so that the
pool of candidates may have more candidates with below (or above) average quality.
Second, I allow for signal accuracy to potentially differ between incumbents and
challengers. An incumbent must make decisions in office, and the outcomes of those
decisions are observable to voters (even if there is substantial noise in the outcomes).
Section 3.3 demonstrates how, with this simple departure from Ashworth and Bueno
de Mesquita 2008, one can predict both incumbency advantage and disadvantage
in a system in which imperfectly informed Bayesian voters elect office holders by

majority rule.

Dewan and Hortala-Vallve 2013 consider how learning about the competence
of incumbents and challengers may affect the incentives for candidates in office to
carry out risky reforms. Their environment also has the feature that the information
technology for learning about incumbents may be different to that of challengers.
During an electoral campaign, voters are able to learn about some of the candidates’
skills, for example, whether he is a good communicator? or has relevant knowledge
for the job 3. However, there is also information that voters can only observe about
a candidate once he is in the job, for example, how authoritatively he deals with a

crisis?, or how successful he is at delivering his electoral promises®.

2e.g. Nicola Sturgeon, leader of the Scottish National Party, enjoyed a significant boost to her
approval ratings after an impressive performance at the leaders’ debate in the run-up to the 2015
UK election.

3e.g. Natalie Bennett, leader of the UK’s Green Party, suffered strong criticism when, during a
radio interview, she failed to know the details relating to one of her party’s main electoral pledges.

4e.g. As the UK has come out of recession, the ruling Conservative party’s lead over Labour on
the question of “most trusted team with the economy” reached 20% in late 2014

5e.g. Nick Clegg, leader of the Liberal Democrats, suffered heavy losses in voter support, after
failing to prevent increases in university tuition fees while in coalition with the Conservatives.
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3.2 Ideological Polarisation in the Presence of

Incumbency Effects

3.2.1 Competition over Ideological Policies

I consider a one-dimensional policy space z € (—00,00). A continuum of voters
have single-peaked preferences over policies; voter i’s ideal policy is denoted 7*. 1
assume a linear-loss utility function: —a¥ | x —Z* |. The distribution of voters’ ideal
policies can have any (continuous) distribution F (z%). For now the only relevant

parameter of the distribution will be the median bliss point, denoted ™.

Two candidates, J € {L, R}, compete for office. Their ideal points lie on
opposite sides of the median bliss point: 7 < 2™ < Z®. The candidates also have
linear single-peaked utility: —a® | # — 27 |. T allow for the marginal utility to
be different between voters and candidates but assume it is the same for the two
candidates. Further, I assume that candidates care about the policies implemented,

regardless of the party implementing them. I assume there are no office rents.

For any given pair of proposed platforms (z,xg), there is some uncertainty
over the identity of the winner. I model this as a stochastic aggregate taste shock®.
I assume that the distribution of this taste shock depends only on whether the

candidate is an incumbent or a challenger.

Voters are assumed to be fully myopic. The utility voter ¢ obtains from
candidate L winning the election is the policy payoff from L’s policy plus some
shock which reflects public taste about orthogonal dimensions of quality such as
competence, charisma, etc: —a’ | z; — 2" | +e. The utility obtained from R
winning is —a¥ | g — 7 |.

Let me define the state of the world as the identity of the incumbent in the
election taking place at the beginning of the period: J € {L, R}. For simplicity, I
assume ¢ ~ U [b—ﬁ,b#— ﬁ},
of the incumbency state). Formally,

b=b1{J=1}-01{J=r}

where b is an incumbency-related bias (i.e. a function

When b > 0, the distribution of the taste shock ¢ has a positive mean whenever L
is incumbent, giving him a lead in the electoral race, and the shock has a negative

mean when he is the challenger (so again there is a bias towards the incumbent).

60ther interpretations are possible, such as candidates being uncertain about the exact position
of the median voter (Lindbeck and Weibull 1993).
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When b < 0, we have the converse case, the electoral bias works systematically

against the incumbent.

The electoral rule is simple majority with ties resolved by a fair coin toss.
The game proceeds as follows. At the beginning of a period, given the identity
of the incumbent, candidates simultaneously choose their platforms which are fully
binding. Voters observe the platform offers and vote sincerely. A majority vote
winner is declared, whose policy is implemented and who becomes the incumbent

for the next period.

I analyse a static model first, then proceed to the the dynamic model, where
elections are infinitely repeated. In the dynamic environment, I assume voters are

myopic and candidates are forward-looking and discount future payoffs at a rate

g€ [0,1].

3.2.2 Results in a Static Model

Since there are no idiosyncratic party-preference shocks, the ordering of voters’
preferences over the two parties (given their platforms) is always the same,
irrespective of the aggregate taste shock. This implies that the median voter’s

preference over the parties determines the winner of the election since for any e:

If o’ |2 — 3™ |> —a’ | g — 3™ | +e then —a’ |2, — 7" |> =’ | 2 — 7" | +¢
for all i such that z° < 2™, and
if —a’ |z, —2™|< —a'|zg— 2™ | +e then —a’ |z, — 7' |< —a’ | wg — T | +¢

for all 7 such that 7° > 7™.

Lemma 8. Candidates will never choose policies on the opposite side of the median

bliss point to their own bliss point: x; < ™ < xp.

This is trivial to show. Suppose x; > ™. Then there exists another policy
x, < ™ that is preferred to R’s policy by at least as many voters as when he chose

xr, and is strictly preferred by L himself.

Lemma 9. Candidates will not choose policies that are more extreme than their

own bliss points: x; >z and xp < TF.

The proof is very similar to the proof of Lemma 8. There exists a deviation on
the other side of his own bliss point that is preferred to R’s policy by strictly more

voters and again gives the candidate higher utility conditional on winning.
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The probability of L winning, given platforms (x,zg) is

pr(zr,xg) = Pr[—a’ (@™ —xp) +e> —a’ (zg —7™)] (3.1)
= Prle>a’ (22" — 2z — xR)]

= Prle>2a" (2™ —T)]
1
— 2 V(7w _ pm b I
22" (T—2")+ b+ %
where T = % is the mean policy offered. From this expression we see that the
probability of L winning is increasing in both z (as his policy approaches that of
the median) and in zg (as the opponent’s policy moves further from the median).
We can also see that when b > 0, the bias favours the incumbent; e.g. when L is
the incumbent b = b > 0 and so this term increases pr. When b < 0, L’s chances of

winning take a hit when he is in office, i.e. the bias favours the challenger.

Using lemmas 8 and 9, L’s problem is

ern[A%XA ]—pL (zp,rR)a” (xL — /I\L) — (1 —pg (zp,25)) a’ (xR — EL) (3.2)
T €lxt,x™
R’s problem is
C (~R C /~
max —py (v, zRr) « (x — :L‘L) — (1 —=pp(zr,2R)) " (Tr — xR) (3.3)

rre[zm Tk
The first order condition for L is:

N 1
a%p 20" (T —2™) + b+ %] = pa’a’ (zp — x1) (3.4)
The left hand side of this is the marginal cost to L of moving marginally closer to
the median since, conditional on winning, he obtains a lower utility. The right hand
side is the marginal benefit, the increase in his probability of winning times the
utility difference between his and his opponent’s policies. The first order conditions

for R has a similar form:

¢ | =22 (T —2™) — b+ % = ¢a’a” (vg — 1) (3.5)

Equations (3.4) and (3.5) implicitly define the best response functions of L and R.

Combining the two conditions yields

b

2aY

" —

(3.6)
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The bias in the popularity shocks leads to a bias in the average policy offered
(and implemented), where this bias is increasing in the magnitude of the popularity
shock and decreasing in the intensity of policy preferences. This is intuitive:
these two parameters determine the relative importance of policy and non-policy
considerations. When voters care a lot about policy (high o) and the bias is smaller,
the advantaged party will not be able to exploit its advantage as much and policies

will be closer to the median’s ideal.

I solve for the difference between the platforms of the two parties in equilibrium

(0x = xg — =), which I will call the ideological polarisation from now on.

1
- 2¢av

dx (3.7)
The degree of polarisation increases with ¢ because of the usual argument: high ¢
means that the size of popularity shocks is small and hence elections are more often
determined by platforms. Therefore, candidates’ incentive to compromise on policy
in order to attract votes is stronger. The bias in popularity shocks does not affect

polarisation in the one-shot game.

It is straightforward to find the actual equilibrium strategies (zr,zg) from the
system for ¥ and dx. Overall policy variance depends on both how far average policy
is from the median, and how polarised the parties’ platforms are around the average
policy. I define policy variance as the distance from the median of the furthest policy

platform, Var(z) = max |2™ — z;|. Then,

b 1
VCLT([E) == 2‘04’” + W (38)

3.2.3 Results in a Dynamic model

For simplicity, I consider a perfectly symmetric model. Specifically, I assume 7™ = 0,

and 7™ — gL =zt — 7™,

The problem has a stationary structure. I look for stationary Markov perfect
equilibria, where strategies are only a function of the state. Therefore, the solution
is characterised by two pairs of policies: {(xf, xf) , (xfz, x%)} where x7 is the policy

chosen by candidate J when party J is the incumbent.

The Lemmas presented in the previous section hold true in the repeated
environment. Parties gain nothing from overshooting their policy beyond the

median’s bliss point or beyond their own.

Denote by V; (j ) the value function of candidate J when, entering the election
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for that period, J is the incumbent. One can write the candidates’ problem

recursively. L must solve

max — pr, <xL,x‘1];, J) o (ZL‘L — /x\L) — (1 —pL (xL,xf;, j)) o’ (xl‘]; — /x\L)

z,€[FL,0]
+ 8 [pL (mL,x{;, j) Vi (L) + (1 - pr (a:L,x{z, j>> %7 (R)}

R must solve,

max — pr, (x‘g,a:R, j) o’ <§:\R — xj) — (1 —pL (x{,xR, j)) o’ (EER — xR)
$RE[O,L/L‘\R]

+ [PL (l‘i,lﬁR, j) Vg (L) + (1 - DL (xivaa j)) Vi (R)}
(3.10)

I find that polarisation is larger and overall policy variance rises faster, when
there is a systematic electoral bias towards challengers, than when the bias favours

the incumbent.

Proposition 7. In the dynamic model where the taste shock has a bias b towards

the incumbent, mean policies are T = —Q(I;U and % = 22v ; polarisation is dx =
5 L__ 5% Overall policy variance rises at a rate of =5 with respect to b when b > 0,
fole" «a 2a

148
2av

with, respect to |b| when b < 0.

and at a rate of

Proof in the Appendix.

In the dynamic setting, there are two components to the degree of ideological
polarisation.  There is the static term from today’s uncertainty over voters’
preferences (the taste shock) that leads to weaker competition. The new term
depends on the expected marginal continuation value of winning. In this case,
who wins today’s election determines who enjoys an electoral advantage tomorrow.
In equilibrium, p;, = % in every period. So, the effect winning today won’t affect
the probability of winning beyond the immediate next period. It will, however,
affect tomorrow’s advantage and how hard one has to compete in that period’s
election. This translates into a bias in the average policy tomorrow. The marginal
continuation value of winning is therefore the (discounted) difference in mean policy
b

between the two states (winning and losing): 7.

Consider first the case in which the incumbent enjoys an electoral advantage,
b > 0. In this case, there is a dampening of the static effect on polarisation from
dynamic considerations. Today’s uncertainty over the popularity shock makes the
parties compete less hard for votes because, to some extent, the winner may be

determined by factors out of their control. But parties also consider the future: if
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they lose today, they will continue to be disadvantaged tomorrow; if they win, they
will be ahead in the race tomorrow. This additional cost of losing means that the
parties will fight a bit harder to attract votes by moving their platform closer to the

median’s ideal policy.

When the election has a bias toward the challenger, b < 0, the dynamic effect
widens the gap between the parties’ platforms. Now losing an election has a positive
side to it - the continuation value is higher for the challenger than the incumbent
because tomorrow the loser has the better electoral prospects. Losing today has a

guarantee that the future is brighter which further reduces competitive pressures.

Overall variance in policy always rises (for § < 1) when the magnitude of the
electoral bias goes up. A larger electoral bias primarily increases the distance of
mean policy from the median. Anticipation of how the future mean policy will be

biased then has an indirect effect on parties’ willingness to compromise today.

Therefore, when a political system is characterised by a large electoral bias
towards the incumbent, the model predicts that one should observe large swings in
the centre ground (Z) as parties switch over, but both parties should be rather closely
positioned ideologically (small dz). In contrast, a bias against the incumbent should
generate large swings in the centre but also a more pronounced divide between the

parties’ positions at every election.

The discount factor has no effect on the average bias of the policies. Instead the
degree of polarization dz is strictly decreasing (increasing) in 3 when there is a bias
towards (against) the incumbent. As /8 grows, candidates become more patient. If
they expect the incumbent to be favoured tomorrow this means higher j increases
the marginal value of winning and so competition will be stronger, reducing the

wedge between the platforms (and vice versa).

3.3 Endogenous Incumbency Effects

The empirical literature on incumbency effects has identified both democracies
with an incumbency advantage and with incumbency disadvantage. 1 modify the
framework in Ashworth and Bueno de Mesquita 2008 and demonstrate that with
a skewed distribution of candidate quality types, incumbency disadvantage as well
as incumbency advantage may arise endogenously. I demonstrate that differences
in observed incumbency effects could be explained by differences in information
technology. I simplify the type space and assume quality is binary, as are signals.

This keeps the updating of beliefs analytically tractable.
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3.3.1 A model of learning about candidate quality

There are two parties, J € {L,R}. In each period, t € {1,2}, each party puts
forward a candidate. Candidates differ in quality, v; € {0,1}, the quality of a
candidate is constant over time and quality cannot be observed directly by voters.
The prior on quality is Pr(v; =1) = p for candidates from either party. This
implies E (vy) = p, and Pr(v; < p) > % if and only if © < 1. That is, if u < 1,

more candidates are bad (below average quality) than good (above average quality).

Voters observe signals of candidates’ quality, and these signals may have
different accuracy when the candidate is in office than when he is an inexperienced
challenger. Let the signal observed in period ¢ for candidate J be denoted
s{ € {0,1}. For the incumbent, with probability p, the true quality is revealed
and with probability 1 — p voters get a signal that is uncorrelated with v; and
is an independent draw from the same distribution as that of v;. Instead for the
challenger, with probability ¢ the signal is perfectly correlated with the type, and

again otherwise the signal is independently and identically distributed as v;.

Then for the incumbent’s signal:

Pr(s{=1]lv;=1)=p+(1-pp Pr(s)=0]v;=1)=(1—-p)(1—p)
Pr(s{=1]vy=0)=(1—p)u  Pr(s{ =00y =0) =p+(1—p)(1—p)

Signal probabilities for the challenger are of the same form, but with accuracy q.

These assumptions about the signals imply that the unconditional distribution
of signals observed is the same as the distribution of underlying qualities, but the
two variables are not perfectly correlated so that signals are imperfectly informative.
Therefore p, ¢ indicate the degree of correlation of signals with actual quality, and

higher p, ¢ correspond to more informative signals.

Quality is valuable to voters and they will select the candidate with highest
expected quality. I will assume that when a party loses the election, it automatically

and costlessly picks a new candidate from its pool.

In the first period, both candidates are challengers, and the public observe a
signal about each candidate. Given the signals, they form an assessment about the
expected quality of the candidate. They vote for the candidate with highest expected
quality, and ties are broken by a fair coin toss. In the second period, voters observe
a new signal for the incumbent and also a signal for the new challenger, and again
vote for the candidate with highest expected quality, based on all signals observed
up to that point. Let the expected quality of a candidate be denoted jif, which will

be a function of all the signals available for candidates in the running.
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Definition (Incumbency Advantage) The incumbency advantage is the expected
difference between the probability of a party winning the election with an

incumbent and the probability of a party winning in an open seat election.

I will denote the incumbency advantage by A, so we have
A = Pr (win | incumbent) — Pr (win | open seat)

Since the priors are the same for the two parties, Pr (win | open seat) = %

3.3.2 Two effects: selection and exposure

The information structure I have assumed gives rise to two very natural effects for
the electoral prospects of a party. In this section, I show each effect in isolation by

focusing on particular parametric assumptions.

The pure selection effect: p =0

Suppose that the only information voters ever have about a candidate is the signal
he produced when he first stood for the open seat election, and that once in office

they learn nothing about his ability.

Lemma 10. The pure selection effect is always positive: when p =0 and g > 0, we
have A >0 for all p, q.

Proof. The probability of winning is % for each party in the open seat election.

Assume without loss of generality that L wins the first election.

Now consider the second period. Since p = 0 the second signal produced by L is
entirely uninformative and the posterior remains unchanged from what it was when
the first election took place. In addition, an informative signal will be observed for
the new challenger R. Since this signal is as accurate as that from ¢t = 1 for the
incumbent, the voters will re-elect L if st > s, they elect R if s < s, and toss a

coin if s¥ = sf.

Pr (L wins at t = 2| L incumbent)
=Pr(sy=1|Lwinsatt=1) Pr(L winsatt=2]sjy =1) (3.11)
+Pr(sy=0|Lwinsatt=1)-Pr(Lwinsatt=2]|sy =0)
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Regardless of ¢, the probability of s¥ = 1 is . This implies

Pr(Lwinsatt=2|sf =1)= [g%—l—u}

1—
andPr(Lwinsatt:2|le:0): {Tu}

By Bayes’ rule,

= _
PT(szl\LWinsattzl) ::Lllﬂ)
2
andPr(le:0|Lwinsatt:1):(1_M)2

Note that for all yu, Pr(sp; =1| L winsatt=1) > p. Since candidates with
better signals are retained, incumbents on average have a better record than can be

generated by a random candidate. Finally,
2 1_—
Pr (L wins at t = 2 | L incumbent) = 2y <1 — H) +(1—p) (_u)

and the incumbency effect is

Ao rd—p)

>0
2

]

This is the selection effect - elections provide a filter to let higher quality
candidates into office. Selection into office is more likely with high signals, and is
therefore related to better electoral prospects at future contests. Random challengers
should on average produce worse signals than a candidate that has already passed

the test previously, generating an incumbency advantage.

The pure exposure effect: ¢ =0

Consider the other extreme next. Suppose that candidates can only demonstrate

their ability by doing the job, and challengers’ signals are entirely uninformative.

Lemma 11. The pure exposure effect is positive if and only if median quality is
higher than average quality: when q¢ = 0, we have A > 0 if and only if u > %, for
all p > 0.

Proof. In period 1, voters have no information and so there is a tie with probability
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1

1 and each candidate wins with probability 5. Assume without loss of generality

that L wins the election in period 1.

In period 2, again, voters can learn nothing about the challenger R, and their
posterior belief is ! (s§) = p. However, they now get to see L on the job and this

will reveal some useful information about his ability. By Bayes’ rule, and for p > 0,

o > B> = Mg

~L(.L L p(p+(1—p)p) p(l—p)(1—p) ~L(.L L
(s1,87=1) = 0 1— g ( 0)

The incumbent is preferred to the challenger if and only if he produces a high
signal. The probability of an incumbent winning re-election is precisely p and we
have

A:u—%ZOifandonlyif;zZ

N[ —

[]

This is the exposure effect: when more information is observed about
incumbents than challengers, being in office can be a blessing or a curse. Which
of these is true depends on whether it is more likely that candidates will be exposed
as mediocre or as outstanding leaders. If candidates are more likely to have low
quality, for example, then being in office is likely to hurt the candidate’s chances,
as the public remain agnostic about the challenger but they observe evidence of the

incumbent’s incompetence.

3.3.3 Incumbency: advantage or disadvantage?

How does the incumbency effect depend on the general information structure?

Remark. 1f the median quality of candidates is above the mean, p > %, there cannot

be an incumbency disadvantage.

This is immediate given Lemmas 10 and 11: the selection effect is always
positive , and the exposure effect is also positive if candidates are more likely to
be good than bad.

Proposition 8. Whenever the median quality is lower than the average quality,
there is an incumbency disadvantage when the selection effect is "weak enough”.
:, and and p € (0,1), there exists a set of ¢ € [0,1] with
positive measure such that A < 0 and includes, at least, an interval of the form

Formally, for all p <

[0,¢*]. The solution, in the case of binary quality and signals, has the following

Jorm. There exist values p and i, with 0 < p < ji < %, such that:
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o Forp < p, p>0, wehave A <0 forall g <1.
e For u > [, there exists a threshold ¢* € (0,1) such that A < 0 for q < q* (1, p).

o For p < p < [ there are two thresholds q* and ¢**, with ¢* < ¢, such that
A <0 for [0,q*] N [g*, 1).

Proof in the Appendix.

If good leaders are rare, there is a tension between the selection and exposure
effects.  When selection is strong, i.e. when voters can effectively pick out good
candidates in the open seat election, we should expect that incumbents are highly
likely to be re-elected. Selection puts a filter on the candidates that get into office
initially. Once in office, the exposure effect is acting on a population of incumbents
with higher quality so that incumbents are likely to perform well. In contrast, when
selection is weak, the filtering doesn’t work effectively. A lot of mediocre candidates
get a shot at the job, and most often are exposed to be bad leaders, losing at the

second election.

The proposition distinguishes three cases, depending on the quality distribution
(). The first case in Proposition 8 is where a very high proportion of candidates
are bad. In this case the exposure effect is very strong, the electoral filter cannot
sufficiently improve the average quality of candidates. In the first (open seat)
election, the most likely outcome is to observe a bad signal from both candidates
and let one through at random. Selection is poor despite potentially high ¢ because
with a single election most winners win because of ties, not because they performed
well. In the second election, it is again quite likely that both the incumbent and
the challenger produce bad signals. At this stage voters, though they are quite sure
neither of them is any good, will opt for the challenger, simply because at least they
have less evidence of his incompetence.
1
2
straightforward result. Above some level of precision for the signals of inexperienced

When the prior is below but not too low, then we have the most
candidates, selection is good enough to overcome exposure and generate incumbency
advantage. When those signals are poor, so is selection, and incumbency leads to
electoral disadvantage. Note that in the case of low ¢, it is perfectly rational for
voters to frequently replace their leaders: good leaders are hard to come by and,
further, can only be identified if they are given the chance to govern. It is an optimal

strategy for voters to sample different candidates in search of the real stars.

The final case has incumbency advantage for intermediate values of q. The
reason this case occurs is that incumbency advantage is not monotonic with respect

to g because ¢ influences both selection and exposure. Specifically, ¢ affects the
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ranking of posteriors of incumbent and challenger in period ¢ = 2 as well as the
degree of correlation between the incumbent’s first and second period signals. Higher
q raises the probability of good signals of an incumbent, but it also makes the
posteriors of the challenger more extreme. At ¢* the ranking of posteriors fi(1,0)
and fi(0) switches, so that there are more signal profiles for which the incumbent
beats the challenger; but at ¢** the posteriors f1(0,1) and fi(1) change order, so that

now there are more cases where the challenger beats the incumbent”.

3.4 Competition with Ideological Policies and

Competence

Next, I combine the elements I have analysed independently in the previous two
sections: ideological policies and candidate competence. This will enable me to
show more clearly the difference between two related but distinct concepts - the
expected marginal continuation value of winning and the incumbency advantage. In

addition, I will comment on some welfare implications of the model.

I assume that some fraction of the electorate votes according to ideological
considerations, and the rest vote based on which candidate has higher (expected)
competence given observed signals for the two candidates running®. Candidates

select their platforms for that period before the signals are realised.

Let a fraction v € (0,1) of voters be ideological, and a fraction (1 — ) be
competence-based voters. All voters are myopic and vote sincerely. Candidate J
wins the election if he gets a majority of the overall votes, with the size of the

population normalised to 1.

Ideological voters have ideal points on the policy spectrum distributed according
to @' ~ U[—1,1]. There is an aggregate taste shock that gives voters additional

utility from L holding office, e ~ U [—2%, ﬁ} . The indifferent voter satisfies

—a (2" —21) + € = —a’(xg — )

and is therefore located at "¢ = T + €/2a”, for a given realisation of the shock.
This would give L a fraction of the ideological vote equal to F(2¢) = (24 +1)/2.

The election in the first period is an open seat election, and in the second

"See Figure 3.1a for an example of how the posteriors, and their ranking, change with q.

8Other interpretations are equivalent in terms of modelling assumptions, for example, that all
voters value competence and whichever candidate has the better reputation experiences a shift (of
fixed size) in the aggregate taste shock in his favour.
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period one candidate will be an incumbent, while the other will be a challenger.
Competence again is binary, and the technology for learning is the same as in Section
3.3, with the accuracy of signals for incumbents and challengers being potentially
different. The competence-based voters will be able to observe all available signals
before the election, and they will rationally update their beliefs about the quality of
the candidates. The candidate with the higher reputation will win the competence-
based vote, and the (competence-based) vote will be equally split in the case of a

draw.

Period 2

At the start of period 2 there is an incumbent who carries forward an earlier signal
from period 1. Suppose the incumbent in period 2 is L. Each candidate will choose
a platform to maximise his expected policy utility, where expectations are now over
both the taste shock and the new signals, which will affect who gets the competence-

based votes.

For a given pair of platforms (zr,zg), the probability that L will win is’

1 v v -~ ~ ~ ~ ~
PL = 5+200"T2+200 ( . L (Prt(st, s§) > @%(s8)] - Pript(st, sb) < iR (s2)))
(3.13)
The probability that L will have the higher reputation in period 2 is conditional

on s, which is known at the time that candidates choose their platforms for period

2. Let me use the following to economise on notation:

Prii" > if|st] = Prii"(st, s5) > @™(s))]

9The probability that L wins:

To € 1 . - -y - -
prL = E{Pr [V (2 +ow T 2) + (1= (A" (s7, ) > if(s3) + 2 )1 (A" (s7,85) = i (s5

+ €U+1)+(17)zﬂ

— Prlil(st LY > pR(sRY P z
" (sy, sy) > p(sy)]Pr |y 1o 9

o2
2
i ) o e 1\ (1-19)_1
#Prlit(shosh =it eRpr [y (B g5 g) + T2 2
_ . T2
+Prlit(stsh) < e | (5

= 20075z + 200" L0 (Prlgb(sf o) > ()] = Priat st o) < 7(650)
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L solves the problem

max —a(zg — &%) + pr(21, TR, 51)a" (xR — 71) (3.14)
z,

R solves the problem

max —aV (27
TR

—2g) = pr(rr, TR, $1)a" (TR — 7) (3.15)

The equilibrium policies will be such that

(1-7) Lo - 1
5 (1 — 2P7"[IML > NRyle]) and dzy = %7

Ty (s7) =

(3.16)

When R is the incumbent, the degree of polarisation will be the same, and the
mean policy will be z(sft) = @ (2Pr[a" > pf|1 — sf).

In the last period, there are no dynamic considerations, so the polarisation
term reduces back to the static effect from electoral uncertainty. The bias in policy
will be equal to the expected electoral advantage in that period, which comes from
winning the competence-based vote. With probability Pr[al > jif|s;], L will win

the competence-based vote, and with the complementary probability he will lose it.

If the incumbent carries forward a good signal, then he should continue to
perform well today and with a high probability win the competence-based vote.
Then, the average policy moves towards L’s ideal policy which is negative. A bad
signal brought forward will mean, in contrast, that he has a low chance of having
the better reputation of the two and so average policy will be biased away from
his ideal. Importantly, the incumbency bias is not fixed, it depends on the signal

produced in period 1.

The probability that L will attract the competence-based vote, conditional on
his first period signal, depends on the prior and accuracy of signals. As discussed
in the proof for Proposition 8, the ranking of posteriors switches as p and ¢ change,
and this creates different cases for calculating the probability Pr[a” > aff|s;]. For
example, when ¢ is very low and challenger signals are essentially uninformative,
then L will win the competence-based vote if and only if he produces a good signal

as incumbent.

Figure (3.1) provides an example, fixing the following parameter values: p =
0.35, p = 0.5, and v = 0.8. Subfigure (3.1a) shows how the different posteriors are
ranked when the accuracy of challenger signals improves. We can see that there
will be two values of ¢ at which the ranking of a posterior for L and a posterior

for R switch. Subfigure (3.1b) shows the average policy platforms in the second
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Figure 3.1: Posteriors and mean policies

period, for each of the states (an incumbent identity and first period signal). Since I
consider a case where the prior is less than %, the mean policy is biased against the
incumbent’s preferences, for all ¢, when the incumbent has a bad signal from the
previous period. Instead, if ¢ is large enough, the average policy in the state where

the incumbent has a good signal will be biased in his favour.

Period 1

Let the continuation value of winning, conditional on producing a good signal in the
first period, be V! and that conditional on producing a bad signal be V% T also
denote the continuation value of losing, conditional on the incumbent producing a

good signal, as V¢!, and that conditional on him producing a bad signal be V9.

In an open seat election, the probabilities of winning the competence-based
vote are more straightforward. L will win the full competence-based vote if he is the
only player to get a good signal, and he will also get half of it if they both perform
equally well.

pr =5+ 200% + 260" 0 (u(1 — ) — (L= ) = 5 + 0%z (3.17)

(1—7)
v

The expected electoral bias today from competition for competence-based votes is

zero, because candidates are ex-ante symmetric in the open seat election.

The optimisation problem of the candidates needs to take into account that the

continuation value of winning depends on the particular signals in this period. L
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solves,

max — o’(xr — &%) + pr(xp, xr)a’ (xR — 1)
xr

+ N(l - ,u)ﬁ {VCO + (% + 200" % + 2¢av(1 ; 7)) (Vll . VCO>:|

+ (1= p)up [v“ + (% +200°7; - 2¢o/’(1;—7)> (V" - VCl)] (3.18)

+ 1B {V“ + (% + 2¢a”f1> (Vi — VCl)]

+ (1 o M)QB |:VCO + (% + 2¢04v:v1) (VIO o VCO):|

L’s first order condition looks like,

anL = ¢a’ {Oéc(xR —x1)+ 8 (N(VH - Vm) +(1- M)(VIO - VCO))} (3.19)

One can proceed in a similar manner to obtain R’s first order condition, and
combining the two expressions yields the solution in terms of the mean platform and

degree of polarisation.

1

Z1 =0 and 6z, = 2o

=B (p(V" =V + (1= (VIO = V) (3.20)

The mean policy is zero because, as an open seat election, the electoral race is
unbiased today. Since the candidates are symmetric, they have the same expected
boost from competing for the competence-based voters. Polarisation will arise
because of uncertainty and may be accentuated or mitigated by the dynamic effect.
If the expected marginal continuation value of winning is positive then the dynamic
effect will moderate polarisation to some extent, by making parties compete harder
for votes. So what matters when parties choose their platform is the expected
marginal continuation value of winning, where the expectation is over the two

possible signals that L might produce today.

The expected marginal continuation value of winning is

(VT = VE) 4 (1 = (VI V) = (~aC(zh(1) — #¥) + aC(a(1) — i)
(1= 1) (~aC(#H(0) — i) + aC(@(0) — 4))
— 10 (Pt > st = 1]+ (1 p)Prlit > st = o))

gl
(3.21)

Now it is clearer why the distinction between the electoral bias and the
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incumbency advantage A matters. The incumbency advantage is the expected
electoral advantage (from winning competence-based votes), conditional on winning
the first election. The degree of polarisation will instead depend on the unconditional
expectation of incumbency bias (where the expectation is over the prior distribution
of states). When candidates choose to shift their platform in order to attract more
votes, they increase both the probability of winning when they produce a good signal
today, and when they produce a bad one, and they increase these probabilities by
the same amount. So what matters for ideological competition is the probability of
producing each of those signals, and not the probability of the signals conditional
on winning. This implies that, as long as the quality distribution is skewed towards

low quality, the marginal continuation value of winning will be negative.

To re-iterate, the incumbency advantage is the expected probability of a
candidate winning the competence-based vote in period 2, conditional on winning

the election in period 1'°.

A =Pr(st = 1|L wins at t = 1) Pr[" > gff|sk = 1]
1 (3.22)
+ Pr(s¥ = 0|L wins at t = 1)Pr[a" > pff|sk = 0] — 3
where X ,
Pr(sk =1|L wins at t = 1) = 2 <§ +(1— M)2¢a”ﬂ>
~

¢ = a® =1 (and again, as

Figure (3.2) shows the two for the specific case, «
earlier 1 = 0.35, p = 0.5, and v = 0.8). We can see that while for high enough ¢
there will indeed be incumbency advantage, the marginal value of winning is always
negative. From the standpoint of candidates at the start of period 1, they are more
likely to produce a bad signal and expect a bias against them if they make it through

to the second period.

Increasing ¢ has a non-monotonic effect on polarisation. In the low ¢ region, the
marginal continuation value of winning is at its lowest level and small increases in ¢
have no effect at all. This is because, for the lowest ¢, the winner of the competence-
based votes depends only on how the incumbent performs in office, campaign signals
are ignored. However, as ¢ increases, eventually campaign signals start to have an
effect. First we reach the case that a bad signal from the challenger starts to be

important, and this will increase the marginal continuation value of winning. At even

10The empirical incumbency advantage, is the expected probability of a candidate winning the
overall election vote in period 2, conditional on winning the election in period 1. In my model,
because I assumed a linear-loss function for policy payoffs, the probability of winning is always
% for each candidate. However, as soon as we introduced some concavity to the payoff functions,
the empirical incumbency advantage will be increasing in the competence-based incumbency
advantage.
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Figure 3.2: Expected marginal value of winning and incumbency advantage

higher ¢, challengers with good signals will beat a mixed record by the incumbent,
and this reduces the marginal continuation value of winning. Also note that with
higher ¢ there will be higher correlation between the two signals of the incumbent;
mixed records will be rarer, extreme ones more common. Since the prior is p < %,
this means probability shifts particularly to the case where the incumbent has two
bad signals. This is the reason why the marginal continuation value of winning

slopes down once in the region where campaign signals matter.

In summary then, increasing ¢ up to the region where campaign signals are
taken into account by voters, can reduce the loss from winning and reduce ideological
polarisation. However, further increases to ¢ can reduce the value of winning and

generate higher polarisation.

A remark on welfare implications

The example I have analysed above makes it clear that changes to the quality of
information can have rather complex effects on outcomes. It is not possible to
reach highly general conclusions on how welfare is affected by improvements in
available information regarding political candidates. I make some observations that

are informed by the example, but only qualitative in nature.

The average quality of candidates on the job will always improve when ¢ is

higher; selection is more effective. However, the effect on welfare through policy
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variance is not monotonic, as I already discussed.

In my example, with pu < %, when ¢ is extremely low, the welfare effect in terms
of changes to policy variance are non-existent for some range of ¢, there may even
be a gain as ¢ moves to the intermediate ¢ region. So it is clear that overall, starting
from ¢ = 0, it will be welfare-improving to increase information about challengers.
Once in the intermediate ¢ region, there is a trade-off between improving selection
and disincentivising competition on policy, because the marginal value of winning
drops with g. Therefore, eventually, too much information about challengers can be

bad for society because it contributes to ideological extremism.

The pattern above generalises to other distributions of competence: if ¢ is very
low, improvements to information can raise welfare unambiguously both through
the quality and ideological extremism channels. Eventually a trade-off develops, so
that too much information may harm society by reducing the value of a win, and

creating large ideological polarisation.

3.5 Conclusions

Incumbency effects are a common feature of electoral systems. My primary focus
has been to analyse the relationship between incumbency-related electoral biases
and ideological polarisation. My main result indicates that while any kind of
incumbency-related bias pulls policies away from the median’s ideal, biases that
systematically favour the challenger rather than the incumbent lead to particularly

extreme positions.

The static effect of any popularity advantage in elections is to shift the centre
ground in favour of the more popular candidate’s preferred policy. The dynamic
effect contributes to divergence of policy between the parties and depends crucially
on whether there is a systematic bias towards or against incumbents. Such a bias
would alter the continuation value of winning and determine how strongly parties
compete for the win. Biases that favour the incumbent increase the value of winning,
making parties compete more fiercely, closing the policy gap. Biases that hurt the
incumbent’s future electoral prospects make parties less willing to compromise on

policy by introducing a cost to winning.

While there may be various arguments in favour of political turnover and in
some sense it may signal a well-functioning democracy, this analysis suggests a
cost to alternation. Specifically, it is not that observed switching is per se bad,
but if voters have a systematic preference for change this has a downside in terms

of reducing the parties’ willingness to compete over ideological issues. Instead of
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seeking out votes, they just pick policies they like and wait for the tide to turn and
put them back in office. While both types of biases increase policy variance, the
analysis suggests biases that favour the incumbent may well be the lesser of two

evils.

I have proposed one mechanism that can generate incumbency effects. My
framework is based on rational voting when there is incomplete information about
the underlying competence of candidates. I find that the structure of available
information matters and that incumbency disadvantage may be caused by poor
selection from a pool of mostly mediocre candidates. When voters know very
little about new candidates and are forced to engage in a process of trial and
error for evaluating politicians’ quality, they may be more likely than not to throw
out incumbents. This could provide an explanation for an emerging empirical
regularity concerning incumbency effects: while most advanced democracies have
strong incumbency advantage, it appears that incumbency disadvantage is rather
the more common feature of political office in young democracies. My results
indicate that this may be due to the more developed information technologies of
modern democracies, for example, a well-established media or more involved election

campaigns.

Finally, note that implicit in the analysis was the possibility that differences
in the incumbency effect could be explained by different quality distributions. It
may be that incumbency disadvantage in some countries is due to them having
worse politicians. However, I provide an alternative explanation for cross-country
differences in the incumbency advantage, one based on differences in the information

technologies.
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A.1 Proof of the properties of p, in the endoge-
nous model of elections

From Equation (1.7), I can write the effect of a change in inequality on the
probability of P winning the election in period 2,

Op2 _ w{aap(@ (—yPEK” ' a(épu(z)))

Oy Ly ym (Ko
COGR(Ky) [ yP(Ka) J(GR Al
50 ( (i) U (K”)) -
— (G (Ky) — @R(Kz))a(y (K%)L/Qym(KQ))} >0

Suppose first that K, is such that y®(K;) > y”(K,). Using the first order
conditions for G¥ and G® we know that the first bracketed term is zero (by P’s
first order condition). The second bracketed term is positive because when R is
richer, R underspends as far P is concerned, so the net marginal benefit of public
consumption for P is positive. The third bracket is positive because, again, P would
like to set higher public consumption than R.

In addition we know that 65? < 0 because if R is richer, then he faces a

higher price of public funds as inequality increases and spends less. Finally, when

y*(Ky) > yP(K,) we have % < 0. Putting all these observations together,
one concludes that higher inequality unambiguously improves the electoral chances
of the P party by increasing the utility gap between its own platform (which is also

that of the median voter) and that offered by R.

When y®(K;) < y(K>), that is, Ky levels such that P overtake R and become
the richer group, all the signs invert but the overall result remains the same. R will
now choose higher G when inequality is higher; the net marginal benefit of public
consumption to P, evaluated at R’s policy will be negative, because now P perceives
R to be overspending; and the ratio of P’s income to the mean will be increasing
with the level of inequality. The result is again that higher inequality leads to a
higher probability of winning.

Next consider the effect on electoral prospects of starting period 2 with a larger
aggregate income, but the same level of inequality.

ps OGP (K2) (, ~p yP(Ko)\ | OGE(K,)
gy < (G7(H) - w(m)) oy ()

oy

(@) -

(A.2)

But since the demand for public consumption has no income effect, the first two
y" (K2)

i ( KQ)) reduces to being purely

terms are zero. The final term is also zero because (

a function of ¢(K3) which we are holding fixed.
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A.2 Proof of Proposition 1

I show the proof for party P, the proof for party R is analogous.

The first order condition for }?f sets the marginal cost of investment equal to
the marginal benefit, and the solution exists if the second order condition holds, i.e.
if the MB curve is downward sloping in K5 (the MC curve is flat).

Therefore it suffices to show that an increase in b shifts the MB down when
investment is income equalising and shifts it up when investment leads to higher
inequality.

7 VoK, ou

OMB | Ou 0GR(K,) (yP(K2)

<

Suppose P is the poorer (richer) group at the equilibrium level K5. Then, R’s
public consumption choice is decreasing (increasing) in ¢y and the first bracket is
negative (positive) because P-types perceive R to be underspending (overspending).
In any case the product of those two terms is positive, so overall the first term in the
sum is positive when investment raises inequality, and negative when it is income-
equalising. For the difference in tax rates of the two groups we have 77 (Ky) —
TR(K,) > (<)0, since P wants more (less) public consumption tomorrow than R,
and the last bracket is positive when aggregate income grows at a faster rate with
respect to public capital than the income of the P group. Therefore the second
term is also positive when public capital increases inequality and negative with it is
income equalising.

In summary,

oM >0 <— %
ob 0K,

>0 (A.4)

A.3 Proof of Proposition 2

Suppose that, in addition to the policy motivation, when a party holds office it
receives a rent r. In period 2 this has no effect because with commitment to
platforms, the rent is already realised when the party is choosing its policy. It
will however play a role in the first period choice of investment. In the condition for
optimal investment, there is an additional bonus to the MB of increasing the party’s
winning probability. In the case of party P the FOC is:
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1y"(Ky)
Bym(K1)

=y (K2) (p2(1 = 7)) + (1= p2)(1 = 7))

P
+ yp(K>) (p272 + (1= po)7y ) Y (Ks)
8L2 apz P ’\P ’\R o aaQR _yP(Kz) / AR
(A.5)
Therefore,
aMB . (%g 8p2 (AG)

(97“ n (9K2 al/g
The probability of party P winning always increases with inequality, because it
makes the perceived difference between the two parties’ platforms for the median
voter larger (and he always prefers the P platform). Hence, higher rents will increase
the incentive to invest when the investment increases inequality: the P party will
exploit the fact that high inequality gives it an (endogenous) electoral advantage
tomorrow. For R the effect will be the opposite.

The comparative static with respect to electoral uncertainty is also straightfor-
ward to find.

We find
OMB  0Ops,.p g\ p [?J?(Kﬂ yf]?(fﬁ)}
= e — K _
aw 81/) (7-2 Ty )y( 2) ym(KQ) yP(K2) (A 7)
Oy | Ppa \p,AP AR Opa ;AR y" (Ks) 6621% .
0K, [8L28¢A (G, Gy) % v'(Gy) y(K2) ) Ot

The sign for this depends only on whether the investment is income-equalising or
not. Consider incentives for the party P. The (equilibrium) probability of winning
is increasing with 1. The tax rate difference is positive if it is the poorer group, in
which case the first term in the sum is positive overall if the investment increases
inequality. Instead if it is the poorer the tax rate difference is negative and the
term is positive overall if P’s income grows faster than the aggregate income, which
again means higher inequality. The cross-partial derivative of p, is positive, the
more sensitive voters are to policies the more P’s chances improve with the level of
inequality because voters will give more weight to the growing difference in utility
between the two platforms. The net marginal utility of public consumption at
R’s policy is positive (negative) when P is the poorer (richer) group, and 6863 5
is negative (positive). Therefore overall the expression in the second line of the
equation is positive if and only if investment increases inequality, which goes in the
same direction as the overall effect on the first line.

113



A.4 (Generalisation of the distribution of popular-
ity shocks

If P is the incumbent in period 1, it anticipates a probability p, of staying in power
of

Py = Pr{q§(1 — AP (Ky))yP (o) + v(GP(Ky)) + e

. (A.8)
> o(1 = PR(K))y" () + 0(GR(K3)) }

For a general distribution of shocks given by the CDF, F(x), with domain over
(—00, +00), which we assume to have a bias so that E(e;) = b, we have

pe =1 = F (61 = FRUR)Y" (K2) + o(G(I2)) = (1 = 77 (K2))y" (1) = v( G (153)) )

= 1— F(=AFP(GP(Ky), GR(K)))
(A.9)

When deciding how much to invest in period 1, party P will consider how public
capital, through its effect on inequality, will influence future electoral prospects. This
term appeared in equation (1.11). However, as we can see from equation (1.8), when
the shock is uniformly distributed P’s probability of re-election is separable in the
level of inequality and the incumbency bias, which we have just explained above is
due to the linearity of the CDF. For distributions for which F”(x) # 0, changing
the size of the incumbency effect will affect the MB from investment through the
electoral effect.

To illustrate how results may change, I focus on another familiar distribution:
let ¢ ~ N(b,0?). Again let the bias be linked to incumbency, according to b =
bI{J,_1 = P} —bI{J,_, = R}.

The normal distribution has a CDF that is concave below % and convex above
it. This means that when the election is a close race, in equilibrium, the returns
to changing the party platform are high, but if one of the parties has a large net
advantage in the election, the returns decline. Now there is an interaction between
the degree of incumbency advantage and the returns to investment in terms of
improved electoral advantage.

The probability of P winning tomorrow, if it is today’s incumbent is,

p2 =Pr [62 > —AP(@§,§§)] =1-® (

Y (mag,ag) +z>

g

—AP(GE,GE) —3>
g

(A.10)

It is safe to assume that when the P party is in power, it will always have a net
advantage in the race since both the incumbency bias and the fact that the median
voter always prefers its platform to R’s, contribute to making the P party more
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likely to win. The magnitude of incumbency advantage now affects the marginal
benefit of investment through the electoral effect according to

33(%2 B 02 al’

Ops _ 1 0AP(GE G, (AP@’ GP) + b) (A1)

g

Since in equilibrium py > % when P is the incumbent, then the CDF is concave

in this region and ®”(z) < 0. This means that for higher b the effect of changing
inequality on the probability of winning is weaker and P will have less incentive to
choose high levels of inequality. This effect therefore goes in the opposite direction
to the other effects influencing investment choices, and if it is strong enough, it could
reverse the results from Proposition 1.

The intuition is as follows. P can maintain a high probability of survival in
office by maintaining a high level of inequality, because with higher inequality the
median voter experiences a larger utility loss from electing R rather than P. If the
effectiveness of such policies at securing votes dies off as a party takes a bigger lead,
then when party P has a larger incumbency advantage it will see less of a need to
maintain high inequality as a way of securing its political rule.

For R, the direction of the effect of incumbency advantage on the electoral
term of the marginal benefit of investment, depends on whether in equilibrium R
manages to lead the race when it is the incumbent. For relatively small b, R will
face a probability of survival smaller than % and increases in b will raise the returns
to changing the party platform, or, in R’s case the return to reducing inequality
before the period 2 election. So again it is possible that the electoral effect runs
counter to the strategic and price effects.

Once b is so large that in equilibrium R has a net electoral advantage whenever
it is the incumbent, the results above reverse. In this case, further increases in b
reduce the slope of the CDF, i.e. the returns to reducing inequality. Now, R will be
less concerned about maintaining low inequality.

I have analysed how the results change when the popularity shocks follow a
normal distribution with mean b. I find that for the P party the electoral effect
always opposes the result from Proposition 1. For party R the electoral effect opposes
the result from Proposition 1 whenever the equilibrium probability of winning for
party P is less than %, but once this probability is higher than %, it reinforces the
the result from Proposition 1.

More generally it is now clear that the results depend on whether the CDF
is concave or convex in the relevant region of electoral probabilities. This will
determine whether shifts in the CDF as the incumbency advantage rises, raise or
lower the returns to changes in inequality in terms of boosting the party’s electoral
prospects.
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A.5 The central planner’s infinite horizon prob-
lem

The programme to be solved by the central planner in this case is

[e.9]

max 3 [6(1 - )y (K0) + (G

{Tthth/t}toiO t:O
s.t. Ttym(Kt) = Gt + Kz‘{ - (1 - d)Kt
Ky = K|, Ky given.

(A.12)

The problem is recursive, with a single state variable K;, so that the value
function must satisfy the following functional equation.

V(Ky) = ¢(1 — 1)y™(Ky) + v(Gy) + BV (K) (A.13)
subject to the constraint ry™(K;) = Gy + K[ — (1 — d) K.

The optimal public consumption policy is constant and given by the condition
¢ = v'(G?). The first order condition for investment is

6= BV'(K)) (A.14)

But this indicates that the optimal choice of next period capital doesn’t depend
on the current level of capital. The system will jump immediately into a steady state
with capital K. I can further pin down this steady state by considering the problem
of the central planner choosing today, taking as given his future self’s choices.

maxp(1 — 73)y™ (K;) + v(G?P)

!/
7, K}

ym(KY)

subject to the constraint 7,y™(K;) = GP + K| — (1 — d)K;. Which has the following
first order condition for investment

) Y (K + o(GP) + BV (E)

¢=p(1—d+yg(K)) (A.16)

The only difference with respect to the two-period game is that, because
investment will continue in the future, the marginal benefit of investment today
includes the value of undepreciated capital tomorrow.

Therefore, in the dynamic model there will be a constant policy plan {G?, K},
where the investment choice satisfies the condition

¢=0B(1-d+y"(K?) (A.17)
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A.6 Pure redistribution - welfare analysis

I consider an environment that I revisit in the dynamic analysis of Section 1.5.
Suppose that aggregate income is fixed with respect to public capital, y™(K) =y
for all K > 0. Public capital is income-equalising, specifically y*'(K) = a + gK
where a, g > 0.

The value of public consumption is v(G) = vG — %2, where v > 0. This implies
the following public consumption choices for the two groups,
J y’ (K)
G(K)=v— ¢T

As an example let me take the following parameter configuration: a = 50,
g =50, y =200, vy =50, ¢ =50, =099, d=1, a =0.5. Also for simplicity let
the probability of re-election be exogenous, and set at p = 0.35. Finally, suppose
initially there is no public capital, K; = 0.

I solve for consumption and investment choices in both the strategic environ-
ment and in the central planner problem. The central planner chooses intermediate
levels of public consumption in every instance; for example, in the first period she
chooses G? = 150 while P chooses GF(0) = 187.5 and R chooses G¥(0) = 112.5.
Both groups choose positive levels of public capital for the second period: K P =545
and IA(f = 0.15. In contrast, since the central planner only values public capital for
its effect on aggregate income, she does not invest at all, I?;p = 0.

Why is even the R group willing to invest more than a central planner, even
though public capital hurts its private income and does no good in terms of raising
aggregate income? This is driven by the strategic role of investment: R invests
because it is concerned about the possibility of P taking over in office tomorrow
and over-spending on public consumption because it faces a very low price of public
funds. R brings down inequality to reduce this conflict.

The central planner has no such concern, any redistribution concerns can be
addressed tomorrow, she does not need to pre-commit redistribution in advance
through investment. Since this investment is costly, it is clear that the strategic
environment results in inefficiency, resources today are used up without any increase
in available resources tomorrow.

Are the outcomes under delegation a Pareto improvement on the strategic
outcomes? I compute the welfare of each of the groups when they start in power, but
face the threat of turnover!, and compare it to their welfare under the central planner
policies. For this parameter configuration, I find that the R group would prefer to
delegate to a central planner, while the P group would prefer not to, so delegation
is not a Pareto improvement. These preferences hold whether I compare outcomes

!The value of the game for J when it starts off as incumbent is
¢(1—7")y’ (0) +v(G”(0)
+ 8 [p (60 =7 )y (B7) + (G (R7))) + (1 = p) (61 = 7 )y” (R7) +v(G 7 (R7)))]
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under delegation to expected welfare in the strategic environment conditional on
being the initial incumbent and if the initial election was an open seat election?.

How is welfare affected by incumbency advantage? If a group finds itself in
power, its welfare increases with the degree of incumbency advantage: holding onto
power has value. However, if I allow for the identity of the first period incumbent
to be determined in a fair open seat election, then both groups have higher ex-ante
welfare when the probability of turnover is higher. Again a higher threat of losing
office makes rivals more willing to avoid severe conflict in future, and both groups
gain from the lower levels of inequality.

A.7 Proof of Lemma 3

I adjust the proof from Fudenberg and Tirole 1991, to a situation where the order
of play is stochastic.

The set of players is now {0, 1P, 1R,2P,2R....}, which is countable. T have a
game of incomplete information because nature picks, after every move I;, whether
it is player (¢ + 1)P who plays or player (¢ + 1)R. Therefore the continuation value
of an action is an expectation that can be computed if I fix players’ strategies, so
that player t.J plays s'/(K;). Specifically let the strategy be the capital level for the
next period.

Fix Markov strategies for players (t + 1).J, (t + 2).J, etc and let

0} (K1) = Eav] Ky, s (Kp), s (F(sTD (Ki40), )

where the expectation is over the type of the decision maker J , which follows
the stochastic process described in section 2 (that is, the decision maker from period
t is again decision maker in period ¢ 4+ 1 with probability p and the identity of the
decision maker switches with probability 1 — p).

The rest of the proof is standard. Consider two states K and K and denote the
optimal action at each state by K’ and K’ respectively. By optimality we have,

w! (K, K') 4+ (K') > ! (K, K) + o] () (A.18)
and similarly, o 3 }
u (K', K'Y +w! (K') > v/ (K, K') + o] (K') (A.19)

2The value of the game to group J when the period 1 incumbent is decided in a fair open seat
election is

1
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Adding the two expressions eliminates the continuation value terms and leaves,
uw (K, K') +u!(K',K") — v’ (K,K') — v’ (K,K') > 0 (A.20)

which can be rewritten as,

K’ K au
> A.21
// /K 8x8yd$dy >0 ( )

Hence, if K > K, then it follows that K’ > K’ if (C'ST) holds and K’ < K’ if (C'S™)
holds.

A.8 Proof of Lemma 4

I first consider the case in which P is the only group in the world and its income is
given by y*(K) = a + gK (note that now aggregate income must equal y* because
there is no other group).

P will solve

= Gi+ K1 — (1 = d)K,
t 1 L ) K G A.22
{Gt}lr(li}f}{‘io;ﬁ [(b < ot gk, (CH-Q t) —i—v( t) ( )

Since the government now faces a constant price of public expenditures it will choose
a constant level of public consumption give by

¢ =1'(G")

Additionally, since the marginal benefit curve for next period public capital doesn’t
depend on the current level, the government will either jump immediately to a
(finite) steady state, never invest, or we might find that there is no solution.

Suppose that an interior solution exists, such that the government jumps to the
steady state K. Then in equilibrium, the value of the game in the steady state is,

_ = GP +dK _ p
V(K) = ;5 {(;5 (1 - W) (a+ gK) +v(GF) (A.23)

 If this is the equilibrium, then there should be no incentive to deviate from level
K in any one period. A one-shot deviation to capital level K’ will give P a value of

yvider —g (1 _GT+ f:g(;{_ d)K) (a+ gK) + v(GT) .
+ {qb (1 S f;b(;g_ d)K/) (a+gK')+v(G")| + B’V (K) o

A deviation is profitable if V4 > V(K), that is if,
K —K')+ 56 (9(K' - K) - (1 - d)(K - K))] (A.25)
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Whether this condition holds doesn’t depend on the particular deviation considered,
other than whether they are to higher or lower levels than K. Deviations to higher
levels will be profitable whenever Bg > (1 — 5(1 — d)), and so in this case, there
is no equilibrium because P would always prefer to deviate to even higher K. If
Bg < (1—p(1—d)), then P would like to deviate to lower K and so the equilibrium
involves never investing. Only in the knife-edge case of fg = (1 — 5(1 — d)) can
there be an interior solution.

Turn to the case where only R exists, and has income y?(K) = aff + K
where, as earlier ¢ < 0, R becomes poorer with higher levels of K. Again since
the price of public expenditures is constant, G will be constant, and public capital
must either jump to a steady state, remain at zero, or there is no solution.

I can follow exactly the same approach as above and get the following condition
for R to want to deviate to higher levels of public capital: B¢g® > (1 — B(1 — d)).
Since g% < 0 this cannot hold, and neither can the condition for indifference which
allows for interior solutions. R will never invest if there is no P group.

Might R want to invest if the poor group exists but never takes power? I use
a similar approach, looking at one shot deviations from an assumed equilibrium
profile of strategies. In this case, let me suppose that the world starts off with no
public capital and R would choose K;,; = 0 in every period from tomorrow onwards.
Could he benefit from deviating to a positive public capital choice K17 This would
generate the payoff

G*%(0) +K’)

Vi =g (1 - a® +v(GF(0))

+ 8 [qs (1 _ G _y(l - CDK') (0 + g"K) + o(GR(K))|  (A.26)

#1255 [ (- C DY s e

One can see whether the value of the game is increasing with investment, by checking
the first derivative of V9 with respect to K’, evaluated at K’ > 0:

<alt
avdev (ZR CLR + gRK/ GR(K/) _ (1 _ d)K/ ,5]2\
| B — ) g (1 g
K'>0 y Y
DGR (o, a® ot K
+8—K(U(G (K))—qu) <0
=0 by %C of G
(A.27)

So R would always lose from raising it’s choice of next period capital (and gain from
lowering it), and therefore, starting from zero initial capital, with R as a dictator,
there will never be any investment.
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A.9 Linear-quadratic model: solving for the value
functions

The Bellman equation for P in the state where he is incumbent, is:

C(VI

Ayr+By K + TKQ =
_ s (atgK) + ¢atgK)  Bv) _ (1 - K
1_(7 ¢ Yy ) (61/5/ Cv) ( ) (a+gK)
(a+gK)\ 1 (a+ gK)\? (4.28)
a a
e (s l) 1 (o
Yy Yy
¢(a+9K)_ﬂ) Q(¢(a+9f()_&)2
P AV+BV( ByCyv Cy 2 ByCy Cy

The Bellman equation for P in the state where he is the challenger is:

Cvi

Ay+By K + TK2 =
(af+g" K) o(a"+g"K)  Bw
(v-0 )+ ( B} - (1-d)K
ol1- y ﬁZCW Cw (CL X gK)
(@™ +g"K)\ 1 (a® + g"K)
+7 (7 ¢ » A »

5{(]9Avc + (1 =p)Av:) + (pBve + (1 —p)Byr) (Qﬁ(aB;CiV K) - lgg)

4 pleCre+(1=p)Cv) (¢(aR oK) BW)2
2 ByCw Cw

(A.29)

We can similarly write down the Bellman equations for player . When he is
an incumbent we have:

C
Awi+Bwi K + ;” K2 =
(af+gRK) #(afi+gFK)  Bw
70 + —r)-(1-dK
¢ 1 — ( Y > ( ’BZCW CW) (aR+gRK)
al + gRK 1 al + gBRK)\?
Jﬂ(v_gb( g )>——(v—¢( g ))
y 2 y

o(a® + g®K) By Cw (o(a®+ gBK) B\’

B | Aw + Bw - + -
(A.30)
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When he is a challenger:

C
Awr+Bwi K + ;VI

o)

#la+gK) _ By

K* =

~(1-d)K
53!;V CV) ( ) (aR N gRK)
(a+gK)\ 1 (a+gK)\?
”(””bT) 2 (V—¢—y )
5{(}7ch + (1 = p)Awr) + (pBwc + (1 — p)Bwr) <¢(2;Cg‘/K)
. 6(]9014/0 + (1 —p)Cwr)

ByCy -~ Cy

By
Cy
$la+gK) By’
2

(A.31)
From the Bellman equations (A.28)-(A.31), applying the method of undeter-
mined coefficients, I obtain twelve equations in twelve unknowns, that provide the
implicit solution for the value functions in the MPE.

a 26L2
Ay = da— pya ¢

P*a? paBy  ? BB
- L 4 BA, — A.32
v TaE e, T g0y Ta T T e, B
P*ag  ¢*ag  o(1—d)a ¢vg . ¢gBy
By; = — + +dg — = + A.33
IR ByRCy y %9 y yCy ( )
P*g? P*g? P(1—d)g
= — A.34
G 2> 2By*Cy " Y (A-34)
R 2 R\2 2 R\2 R 2 2
g Oya"  ¢*(a")? ¢*(a")?  ¢a""Bw | v BBy
— ga” — - L4 BAy — A.
Awr = ¢a " + 27 25,2Chy + SO +5 + BAw 5Cw (A.35)
P*agt  P*afgt  o(1 —d)a” r 09t ¢g"Bw
By, = _ + gt — + A.36
i 92 592014/ ) %9 yCw ( )
2(, R\2 2(, R\2 1 — ok
CWIzcb(g ) _¢°(¢g7) | d(—d)y (A37)
212 28y2Cw Yy
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Pya N P*aa”  $*aa®  paBw N v ¢*(af)?
Yy y? By*Cw  yCw 2 212
pa”t BW>

+ B(pAve + (1 —p)Avi) + B(pBve + (1 — p)Byr) <5yCW ~Cw

PP | By 200"By
B2Cy  Ch ByCyy

Aye =¢a —

+ g(pcvc + (1 = p)Cvr) (

(A.38)
Bye :¢2a9R _ ¢Pag” N (1 —d)a + g — g N ¢a"b  ga'g
y? By Cw Y Y y? By*Cw
pgBw  P*aligh Pg"t
— B 1—p)B A.39
+ /Crr 5 — T (pBve + (1 —p) VI)yCW ( )

2 R R R
(pCve + (1 = p)Cvr) (¢ “g__ 9 BW>

By*CE  yCE,

¢*99" 99" i o(1 —d)g _ ¢*(9")?* | (Cve + (1 = d)Cyr) $*(¢")?

Vo= T T By v 2 2 By*C3,
(A.40)
R 2 R 2. R R 2 2,2
Ay —gatt - D12, Pl Pad | gatBy | g
y Y By*Cw  yCy 22y
+ B(pAwe + (1 = p)Awr) + B(pBwe + (1 — p)Bwr) oo v
pAwc p)Awr pPDwc pP)bwi ByCy Cy
3 0%a® B  2¢aBy
(A.41)
oy d(1 — d)alt R 09" | dagt  ¢agh
B, v el —djar _ _
R y @ BRGy
og®By  d*ag @b
yCy % (p wc ( P) WI ) yCy ( )
P*ag  ¢gBy
e+ 1= mcien (55 = oa
2, .R 42 R 1—d)g® #2g2 1-— ’g?
Cuer = ® 99" _ ¢ 99 LA =d)g® ¢ g L (pCwe + (1 = d)Cwi) ¢29  (A43)
y>  By*Cy y 2y 2 Py*Cy
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Chapter 2 - Proofs and Extensions
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B.1 Proof of Proposition 3

My approach will be as follows. I will compute the difference between the expected
payoff from banning and from allowing, denoting this as I B (g, o), the net incentive
to ban. I will then show monotonicity of IB (fy,&p) with respect to both its
arguments within three different regions of the state space. This implies a threshold
solution (within each of the regions) along either dimension of the state space.

The region with &, € [0, €]
In the region where €5 < €, and given assumption 1,

IB (go,go) = (pgo — 1) (Cl — éOL) — (1 — 5) (pj&g +1-— P — 1) (a — (550[1)

. . B.1
(oot 1 p)(a— (60 +1-0) L (B1)
Monotonicity is given by the partial derivatives:
Ol B (€o, U
le—pgo—ép(l—ﬂo)+5sL>O (B.2)
680
OIB (€o, U
% = (1—8) pL (= — &) (B.3)
Yo

Equation B.2; along with the continuity of I B (&g, 9o), implies that for every g
there is a unique threshold along the £, dimension below which it is optimal to ban
and above which it is optimal to allow. Call the threshold puy, (7o). The threshold will
vary continuously with gy and therefore trace out a continuous boundary between a
region of allowing (A7) and a region of banning (B).

The thresholds in the low &y region are given, for any 7y, by the following
expression

(1—06)[e(e=p(1—50)) —e(pgo+1—p)

T i+ 3 — p (i) (B4)

pr (Jo) = € +

Next I argue that if the region Ay, exists it must contain the state (0,0). Suppose
that the threshold at the lowest policy record is below zero: p.(0) < 0. By equation
B.2 we know that this means there is no allowing in states (0,&,) for &, € (0,&).
By equation B.3, %&:‘JL(O)) > (. But then as we move north the incentive to ban
gets stronger, and the threshold as we move north must be lower and again negative.
Now we can apply the same logic as we move to higher values of 75 and the threshold
will always decrease and stay negative so that allowing will not be optimal at any

state with & € [0, ].

Will the boundary of the regions A, and B be upward or downward sloping? I
use the same arguments as above. There are three cases. (i) Suppose that ur, (0) < e.
Then by equation B.3, %&(0)’0) > (0 and moving north from the point (0, pr (0))
the incentive to ban increases so that it must be optimal to ban north of this point.

Then for gp 2 0 it must be that pr (g9) < pr(0) < e. Again at the state on

~Y
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the boundary the partial derivative in B.3 will be positive and we can iterate this
argument all the way to gy = 1. Therefore, if 7, (0) < € the boundary separating
the states where it is optimal to allow from those where it is optimal to ban will be
downward sloping in the (9o, £o) state space. (ii) If g (0) = € then we have that
M = 0 and as we move north, the indifference condition between allowing
and banmng will continue to hold. Then it follows that the boundary of the two
regions will be exacly vertical. (iii) Finally, if pz, (0) > ¢ then MLO()) < 0 and
the incentive to ban decreases northwards. Then the threshold for 7y 2 0 must be
higher than py, (0) and so again higher than ¢ so that the incentive to ban at the

boundary is again decreasing in 7. Then the boundary must be upward sloping.

The condition on the parameters of the environment so that py, (0) < ¢ is
El—p)—ec(2—p—0—-28)—0e2 <0

If ¢ = 0 this condition fails and we are in case (iii) analysed above. If 2—p—§—2 > 0
then the LHS of equation B.1 is monotonically decreasing in ¢ and therefore the
condition will hold for high enough . If 2— p—§ —& > 0 then the LHS of equation
B.1 may initially increase with ¢ but for high enough ¢ the quadratic term will
dominate and so again the condition will hold for high enough €.

The region with & € [¢, £]

In the intermediate &y region, where £ < &5 < —, if the DM allows and no disaster
happens the public will switch from supporting a ban to supporting allowing.

IB (£0,90) =pyo (a — EoL) — (L =€) (pgo + 1 — p— 1) (a — 060 L)

- N B.5
— = o+ 1 ) (a— (B0 + 1 = B)L) ()
Monotonicity is given by the partial derivatives,
OIB (9,7 -
% — L[5 (e — p) — pijo (1 — &)] (B.6)
€0
0IB (9,7 .
% = Lp(1—0) (s — &) (B.7)
Yo

So, with a weak condition on the parameters, that € < p, we again get monotonicity
with respect to beliefs for all §j,'. Again banning is less attractive further from
indifference. Lemma 6 said that at gy = 0, with beliefs above the critical value, it is
optimal to ban. Then B.7 implies, that for any £, < € it must be optimal to ban at
all 7o. For £y > ¢ the incentive to ban is weaker at higher 7, and so there may be a
set of go where it is optimal to allow if &y > puy (7o) (> €).

The boundary traced out by pg (%) must be downward sloping. Let the value

T will assume that since I am considering problems with small probabilities of bad events, the
condition € < p holds. The proof goes through even if it doesn’t, there will just be a set of low
initial policy records for which the incentive to ban increases with &y, but since at the indifference
line it always is strictly positive this just means that there is no allowing. In any case, if there is
a set of states where allowing is optimal in this region, it must lie at higher &.
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of Jo at which g (go) = %A be denoted . This will be useful in our discussion of the
region £y > %.

The thresholds in this region are given by,

(1—=0)[(po+1—p) (e = &)+ (1 —¢)¢]

=0) 70+ —2) (B8

Hint (370, é?VO) =&+

1]

[ST O

The region with &, € |

In the high &j region, where even after observing no disaster the public still support
a ban, we have

IB (€0, %0) =pfjo (a — €oL) — (1 =€) (pgo + 1 = p) (a — 060 L)

B.9
—e(pgo+1—p)(a— (060 +1—0)L) (B9)
Now the partial derivatives are,

01 B (€, 1 -

OIELC00) _ 1151~ ) — pii (1 - 0) (B.10)
€0
OLB Cot) _ 1, (1 - 5) (e - &) (B.11)
dYo

The thresholds in this region are given by,

(1—10)(pgo+1—p) (e —2)
po (1 —06) =5 (1—p)

Lhigh (To,€0) = € +

For gy < f)l(l_f ()5(;, the derivative with respect to beliefs is positive, and for g, >
/(Jl(l_f 25‘)5 it is negative. The incentive to ban decreases with g iff £y > ¢, so again given

Lemma 6, if there is any allowing it will be for the highest policy records.

Describing the full boundary of the regions Ap and B is slightly more
complicated. Define 7 such that s, (y) = 5. If v < 1 then, we can define a

threshold gy (7o) which is equal to pin (go) for go € [y,1]. The Ay region lies to
the right of this boundary. As we said the boundary traced out by g (go) will be
downward sloping.

The incentive to ban is continuous crossing &y = 5 so at this value of the

belief fiint () = thign (7). To describe what happens for higher initial beliefs we

need to distinguish two cases. (a) Suppose v > /()1(;; 35‘)5.
(1—p)d

Yo > S5) the incentive to ban continues to decrease eastwards of § and allowing

continues to be optimal. At gy = y the boundary is now given by sy (9o) = fthigh (30)
which will continue to be downwards sloping and hit fi;gn (%o) = 1 for some gy >
(1—p)s (1—p)5 N (1—p)§ . :

,)(1—fa)' (b) If v < p(1f(5)’ then for the set of g, € (’y, p(1f6)>, the incentive to ban
increases as beliefs increase for &, > and therefore it may become optimal to

£
5
start banning again far enough from indifference. For g, € <7, S(l_f 3;;), we have a

By equation B.10 for all

second threshold then, piym (Go) = fhigh (Yo), and this portion of the boundary will
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be upwards sloping.

(1—p)é
p(1-9)
and we are in case (a), where the boundary between regions is downwards sloping

everywhere. If € < £ we are in the second case where the boundary slopes down until
yJo = 7 and the slopes up. Finally if ¢ = £, then at gy = 7 the boundary becomes
horizontal.

The two cases are separated by the following condition: if € > &, then v >

Finally note that at (£y > £,0), there is a strict incentive to ban, and that
%23’%) is constant for fixed £y; so either it is positive, and so for those &y there
will be no allowing, or it is positive which means, if it is optimal to allow for some
o it must be optimal for gy = 1 so region Ay (if it exists) always contains some

states on the northern edge of the state space.

B.2 Proof of Proposition 4

Effect of the volatility of the policy record

In the region of &5 < &,

Opr (9o) _ (1- ) [(1—90)(e =€) —efo (1 —&) —de (1 — o) (1 —¢)]
dp [

(B.12)

If ¢ < [\/(1 —0)?24+46g—(1— 5)] /26, then this is negative for all go. If

is too high however, there will be some v such that 8"3—/()90) > 0 for gp < v and
Our (i -
% < 0 for gy > .

In the region of £y > £, we have

Optint (Jo) _ (18 (€6 (1 — o) (€ — 1) — o (1 — €)]

dp e <0

Otthigh (4 —Jo (e — €
thigh (Jo) —(1-4) [—7o (¢ _ el
dp [..]
The comparative static for s, is is positive (negative) for e < é (¢ > €) but this is
precisely the value at which the boundary of Ay changes from having an upwards

sloping section to being every downwards sloping. Therefore, 11y is decreasing with
p and ppgpg is increasing in p: the set A, always expands when p is higher.

Effect of the volatility of the beliefs
In the region of &3 < &, we have
Opr (Jo) _ [E(e = p(1—150)) — e (pfo +1—p)]

5 T (=1—e+p) >0
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In the region of £y > £, we have

Opins (1) _ (=) (pio+1=p) (=8 + (1=2)] _
96 Bk

Optnigh (o) (pgo +1—p) (1 —p) (e =€)

25 L2
The comparative static for pp;g, is negative (positive) for e < & (¢ > €). Therefore,
when € < €, puy is decreasing with 0 and ppp is decreasing with 4. For e > ¢ still
have W’é—gyo) < 0 for gy > 7, wg_éyo) > 0 for gy < . In summary, in the region
close to the indifference line, higher ¢ always leads to more allowing, but far from

indifference there is more banning.

B.3 Proof of Proposition 5

The thresholds in the last period are:

(p—e)é+e(1—p)]

pr2(0) =¢é—(1-9)

1—=46(p—c¢)
pra() = - (1-8) 7=
MH72(1)2{5A+(1—5)%. if5€<p§
E+(1-06)"= ife<fandp>¢
MWﬂU—5+O—&§:Eﬁp<5wd§>e

In period 1, I need to be careful about distinguishing between all the different
cases for how the DM will act in the second period for every first period action-event
pair. First, suppose that the second period threshold for gy = 0 is more conservative
than the first period one. Then there are four cases for behaviour at each of the two
nodes that may be reached by allowing (one for each realisation of the event z). I
calculate the expected reputational utility over two periods for each action in period
1 taking as given period 2 behaviour at each node. There are also different cases
depending on whether if there is disaster initially and then no disaster in period 2,
beliefs can be moderated below the indifference line, I will assume not: §(1—4) > €.
The proof for the cases where it is, is almost identical.

(i) Ban after ban, allow after allow (whether disaster or no disaster). Then the
period 1 threshold is given by

CE(14+B8+(1+Pe(l—e)+e+ Be?)
ML = 3 (1 + B)0%(1 — &) + 26 + 262
_(1-4) [[e(2 =€)+ B(e*(1 —d) + (1 —&)d)]
1+ B+ (1+3)0%(1—e) 120 + fe2d2

(B.13)
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(ii) Ban after ban, ban after allow (whether disaster or no disaster). Then the
period 1 threshold is given by

E(L—)B(1 = p) + (1 —E)e(1 + Bp)] (B.14)

pri=¢€—(1-9) 1+ 8+ B(p—1)0+ed(1+5)

(iii) Ban after ban, allow after allow and no disaster, ban after allow and
disaster. Then the period 1 threshold is given by

1+ B —e+p)) =B —e)e(1 +6) +e(1 + 5p))]
1+ 6+ Be(l —¢) +e(1+ Bp)

s =5 (1-9) (B.15)

iv) Ban after ban, ban after allow and no disaster, allow after allow and disaster.
Then the period 1 threshold is given by

[e(1+ 86+ Bp) —e((1 —€)(p—1) + (1 + B+ B9))]
1+8+(1—e)+(1—¢e)p—1)+e(1+p)

pra =8—(1-9) (B.16)

Next I consider the cases where the threshold py 2(0) is less conservative than
that in period 1. In this case, banning initially will be followed by allowing.

v) Allow after ban, allow after allow (whether disaster or no disaster). Then
the period 1 threshold is given by

EB(p—e)+e+pe(1+6)) —e(1+fe(1 —p) + Pe(149))]
14 Bo(e — p) + Bed? + o

pa =+ (1-0)
(B.17)

vi) Allow after ban, ban after allow (whether disaster or no disaster). Then the
period 1 threshold is given by

1+ 58) —ele+B2p—1))]

1+606(2p—1)+¢d (B-18)

pri=¢&—(1-9)

vii) Allow after ban, allow after allow and no disaster, ban after allow and
disaster. Then the period 1 threshold is given by

e(1+pB(1—e)+Bp—Be(l—p)
1+ Bpd — ped + Pe(1 — €)d% + b + Pepd
E(Blp—e)+e(l+Bp) +Pe(l —e)(1+9))
1+ Bpd — Bed + Be(l —€)d? + £ + Bepd

pri=¢&—(1-9)

(B.19)
—(1-9)

viii) Allow after ban, ban after allow and no disaster, allow after allow and
disaster. Then the period 1 threshold is given by

e(1+80+ef -1 —p) —E(BL—e)p— Bl —p) +ese(1 +9))]

=e—(1-¢
HLt (1=0) 1+ B(1—e)pd — B(1 — p)d + 0 + Bed?
(B.20)
Note that the incentive to ban is always increasing in £y (the denominator of
the expressions is equal to %%’? and is always positive).
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B.4 Proof of Proposition 6

We assume § = 0 so after a z observation beliefs are extreme, &; € {0,1}. In the
region with £y < £, the value of banning is

V(0) = (a=&L) {(pdo = 1) + B0 — 1) = (050 — 1) |

— (a—&L) L’i‘%ﬁp - 1i5} (B.21)

and the value of allowing is

V(1) =1 =e)p(go — Da+e(p(go — 1) +1)(a — L)
(

+ A1 (L=2)p*(Jo — Da+e(p*(Go — 1) + 1)(a — L)}
+ 52{(1 — )6 (i — Da+ (%o — 1) + 1)(a — L>} N (B.22)
_p@Ho—1(a—cl) ela—1L)

1—pp 1-8

It is straightforward to show that the incentive to ban IB (7o, &g) is increasing
with £y and that there exists a £ such that the incentive to ban increases with g,
if ¢ > £ and is decreasing otherwise. So we have a threshold solution, and the
threshold will decrease with g, if risk is high enough.

e(L —a)(1—Bp)+p(1 —3o)(a—cl)(1—p5)
1—Bp—pgo(1 = p)

pr (Go) = € — (B.23)

It must be optimal to ban along the indifference line and also at an initial record
of zero. The incentive to ban IB (g, &) is now decreasing with &y, so if there is any
allowing it must be for high enough &, for a given g,. Further, since the boundary
of the allowing region cannot meet the indifference line or the bottom edge of the
state space, if there exists an area of allowing, it will be bounded by a downward
sloping boundary. So we have a threshold solution, and the threshold will decrease

p(1 —go)(a —eL)(1 — B) +e(L —a)(1 — fBp)

- pio(1— B)

(O}

o (Jo) = (B.24)
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C.1 Proof of Proposition 7

At the optimal policy, the value functions must satisfy the following functional
equations (after some simplification),

Vi (L) = oy (21,25, L) (zf —xf) —a (2 — 7") (C.1)
+8 [pr (xf, 2%, L) (Vi (L) = VL (R)) + VL (R)]

Vi(R)= oy (2}, 2}, R) (2f — 2f) — o (2} — Z") (C.2)
+83 [pr (= 25, R) (VL (L) — Vi (R)) + Vi (R)]

Ve(L)=  ofpy (2f,2F, L) (zf — af) — a© (2" — 2f) (C.3)
+8 [pr (¢, 2k, L) (Ve (L) — Vi (R)) + Vi (R)]

Ve (R) = opp (¢}, 2f, R) (2] — 2f) — a© (2" — 2f) (C4)
+8 [pr (¢, 23, R) (Vr (L) — Vi (R)) + Vr (R)]

where .
P (:p%, :pé7 L) = 5 /b\gb + 2a%¢p (EL _ /m\m)
PL (:Ef,xﬁ, R) = % —/l;gb +2a'¢ (ER — /fm)
and 77/ = M

2
I focus on the symmetric equilibrium, where

L L
L

vt = —2% and off = —2% (C.5)

This implies that the degree of divergence is independent of the state: dax’ =
dzf = 0z, and for the bias we have ¥ = —zf. Inspecting the expressions for

the probabilities of L winning, this also implies py, (z£,2%, L) =1 —pp (25, 2%, R).

I derive a useful expression for solving the problem, by subtracting the two
value functions for each player,

a“ (pr (L) — pr (R)) 0z + o (2] — 25

B =V = T T ) - e () o
where I use the shorthand notation py, (L) = py, (z£, 2%, L) etc.
Taking first order conditions, starting with the one for z%,
opr (L) = ga” [a (v} — 21) + B (Vi (L) = Vi (R))] (C7)
and for zf,
a“pr(R) = ¢a” [a© (¢ — 2f) + B (Vi (L) = Vi (R))] (C8)
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These are the Euler equations for the problem. The left hand side of the equation
shows, for each state, the marginal cost to L of moving his platform towards the
median, conditional on winning he will get a lower utility. The right hand side
shows the marginal benefit, his probability of winning increases, and this changes
the expected policy utility today, and he may additionally benefit in future, if the
continuation value is higher in the state where he is incumbent, compared to the state
where he is challenger. Note that his decision about z; depends on the expected
marginal value of winning (where marginal refers to the difference between winning
and losing)®.

Next, using all the symmetry results, namely dx = (:U{;L — xf) = (acg — :Uf) and
pr (R) =1—pg (L), the two expressions above imply

pL(L>:pL(R>:1—pL(L):%

Again I obtain the result, as in the one-period model, that parties adjust their
platforms in such a way that the probability of winning is always equal for both
parties, no matter who is the incumbent.

From the result for the probabilities of winning I can show that the mean policy,
in each state, is the same as I found in the one period game:

3 -
Tl = — and 7% = b
2aY 2a?

(C.9)

Also from either Euler equation, using our result for equilibrium values of py, and
using expression (C.6) for the difference in value functions in the two states, I get

1
5040 = pa’a’ (5:E — 2B§L)
where the T term comes from (zff — %) = —2f — 2% = 22" 1 can now solve for
the degree of divergence, R
1 Bb
ox = - — C.10
v 200 av ( )

C.2 Proof of Proposition 8

I can compute expressions for the expected quality of candidates. Challengers, for
which only one signal is ever observed, which has accuracy ¢, have the following
posteriors.

fig (sie=1)=q+ (1= q)n (C.11)
fiig (sip = 0) = p(1—q) (C.12)
This applies to both candidates in period 1 and to the single challenger in

period 2. For the incumbent in period 2, both signals will be taken into account,
considering that their accuracies may differ.

!This distinction will become more important in section 3.4 when I incorporate the learning
process into the model of ideological policy choice.
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g+ (A =g pllp+ (1 —p)y

o = sz = 1) = ptpg(l—p) (C1
is (5010 = 1,810 = 0) = [q+(1zz);q](1—p) (C.14)
ise (511 = 0, 810 = 1) = (1—q) [firp(; —p) (C.15)

s (551 = 0,00 = 0) = U —s)_(i;%((zl —p) (C.16)

It is useful to consider the ranking of posteriors in period t = 2. Without loss of
generality assume L won the first election. I will write these posteriors as fir2 (Sg.2)
for R, since the R candidate from the first period has been replaced, so sg; is not
used in the expectations of challenger quality in this period, and fiy 2 (sp1, Sp2) for
L.

For any values of the parameters, it holds that

fir,2(0,0) < fig2 (0) < p < figa (1) < iz (1,1)

as well as
fir2(0,0) < fip2 (1,0) S fip2 (0,1) < fipe (1,1)

There are three cases for the complete ranking of posteriors. In case 1, I
have high p so that the comparison of the incumbent’s posterior to that of the
challenger depends solely on the incumbent’s second period signal. In cases 2 and 3
I have that mixed signals give moderate posteriors, so that the ranking of incumbent
and challenger now does depend on the challenger’s signal, at least for one of the
challenger’s signals.

Case I: s, is decisive

This is the case where p is sufficiently large (relative to ¢) for sz o to determine the
ranking of candidates in period ¢ = 2:

fir2 (0,0) < firs(1,0) < fira (0) < fira (1) < fip2(0,1) < fir2(1,1)
and is satisfied for all u, p, and ¢ such that:

q
p+q(l—2p+ pg)

p> (C.17)

With this ordering of the posteriors, the incumbent’s second period signal is
decisive for the election, he wins if and only if s; 9 = 1. Therefore the probability
of winning the second election is

Pr(Lwinsatt =2 | Lwinsatt =1) = Pr(spo =1| Lwinsatt =1)

=Pr(vp=1|Lwinsatt=1)[p+ (1 —p) p|+Pr (v, =0| Lwinsatt = 1) [(1 — p) p]
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=(1—p)p+Pr(vy=1|Lwinsatt =1)p

Although winning the first election does improve the conditional quality of the
incumbent (Pr(v=1|Lwinsatt=1) > p), if the first period signal was very
weak it does not do so substantially so that the expression above remains below
- The full expression for the probability of high quality conditional in winning an
election is

. pl@+ Q=g ) (B +1—p)+(1—q)(1—p) L2
Pr(vp,=1|Lwinsatt=1) =

)
2
so that, after simplification

1
A=pgu(l—p)+p—:

2
This expression is continuously and strictly increasing in ¢q. As pu — 0, this tends
to pu — % which is negative, since the prior is unbalanced in favour of low quality.

Therefore, there must exist a threshold ¢* (p, ) € (0, p] such that b <0 forg<

*

q* (p, i) Specifically, for the values of u, p, ¢ satisfying (C.17), I have

qr (p,p) = (C.18)

Case II: s;» = 0 is not decisive but sy =1 is
This is the case where the ordering is

fir2 (0,0) < fira (0) < fir2(1,0) < fira (1) < fir2(0,1) < fir2(1,1)

In this case if s; o = 1, L wins the second election; but he might win even with
spo = 0, as long as spo = 0 and s;; = 1. This is the most favourable case for
the incumbent, in terms of the set of outcomes under which he gets re-elected. The
condition for this case is

a <p< a (C.19)

g+ (1 —p) (¢ —q+1) ptq (1= 2u+ pg)

The probability of L winnning re-election is
Pr(Lwinsatt =2 | Lwinsatt =1) = Pr(spos =1| Lwinsatt =1)
+Pr(sp2=0)-Pr(spy1=1,5,2=0]| Lwinsatt =1)

After computing the different expressions I have

N | —

A=pl+@—p®@=p]+aul—p)[l—01-p)@2-pl-

This expression is increasing in ¢ for u > i ~ 0.38. Further, for ¢ = 0, there
is incumbency disadvantage as long as, u < p = 0.25. Therefore, for u < p, case II
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predicts incumbency disadvantage for all ¢, and for p > fi it predicts incumbency

advantage for all ¢q. The final case is u € (ﬁ, ,u), b may cross zero from above, at the
value

v A p[lH-p?2-p)]

I o =) L+ (1 —p) (2= )]

Inspecting case III will allow us to say something more about this case.

Case III: s 5 is not decisive

This is the case where the ordering is either

fir2(0,0) < fig2(0) < fir2(1,0) < fir2(0,1) < fira (1) < fir2(1,1)

or,
firz2(0,0) < fir2 (0) < fir2(0,1) < fir2(1,0) < fipa (1) < fir2(1,1)

In any case, mixed signals are intermediate, and will result in posteriors that
lie between those of the challenger.

In this case, when spy = 0 the incumbent wins as long as as he doesn’t have
two bad signals, and when spo = 1 the incumbent wins only if he has a record of
performing well in both periods.

Pr(Lwinsatt =2 | Lwinsatt =1) = uPr(sp1 = spa = 1| (Lwinsatt =1)
+(1—p)[1 —Pr(spyg=s02=0](Lwinsatt =1)]
The posteriors that I need to compute for the incumbent are, therefore,
Pr(spp =sp2=1| Lwinsatt =1)

=Pr(sp1=1| Lwinsatt = 1)ZP7" (v|sp1=1)Pr(spa=1]|v)

Pr(sp1 =s52=0| Lwinsatt =1)
=Pr(sp1=0]| Lwinsatt = 1)2137’ (v|sp1=0)Pr(spa=0]v)
Expanding out for these posteriors, I end up with
Pr(Lwinsatt =2 | Lwinsatt = 1)

=22 (1= 5) g+ (1= a) ) (p+ (L= p) o) + (1= o) (1 = ) (1 = p)]

+A-pI-0-p)kl-pl-q9@-p) +@+Q—q)(L—p) (p+1—p)(1—p)))]

With some simplification of the above I obtain the expression for the incumbency
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advantage

a=22 (1= BY [0~ wyap+ ) (1 =) {1 = (1= P lugp + 1~} — 5 (C20)

Now, firstly notice that, rather counterintuitively, this expression is not always
increasing in ¢ despite the fact that higher ¢ improves selection. I have

%:u(1—u)p[u(2—u)—(1—u)2}a (C.21)

which is positive if and only if g > =1 — \/75 So for very low p it is less likely
that the incumbent will win, the higher q. The reason for this is that higher ¢
increases the correlation of the signals of any given player, so both the probability
that s 1 = sz 2 = 1 and the probability that sy = sz 2 = 0 for the incumbent go up.
When g is very low, this shift of probability from mixed records to matched signals
hurts the incumbent, as the increase in probability of s;; = sz 2 = 0 outweighs the
effect from higher probability of s 1 = s 2 = 1.

I can write the value of ¢ for which A =0,

Qi = s -2 (1-5) _1+M+(1_g>4 (C.22)
p(l—p)p[p(2—p)— (1 —p)7]

Doing the necessary algebra, one can show that the numerator of this expression
is positive precisely for y < i when the denominator is negative, and viceversa for
i > j1; which implies that ¢* < 0 always for this case. Therefore, it is immediate
that, for all p, ¢ that fall into case III, A > 0 when u > [, and that A < 0 when
w < p.

Further, I can show two things. The first, is that 4 < g implies that the
threshold in expression (C.18) is above 1, and so for pu < i, and as long as p > 0,
and ¢ < 1 (i.e. as long as the voters learn something more about the incumbent
than the challenger), case I also predicts an incumbency disadvantage. The second
is that, at the value of ¢ at which we switch from case II to case III, there is a
discontinuous drop in A because case III drops one of the outcomes under which
the incumbent used to win in case II. This implies that for u > [, case II predicts
incumbency advantage?.

There is one special case, where p € (,u, ﬂ), where cases I and III predict
incumbency disadvantage, but case II may contain a set of values of ¢ for which
there is incumbency advantage. This is the only case in which the sign of A is not
monotonic in ¢?.

Figure C.1 shows an example, fixing p = 0.5, and evaluated at three different
values of the prior on quality, p.

2At the highest value of ¢ for which I am in case II, A is strictly higher than the value predicted
by case III, which is positive. And since i > fi, case IT has A decreasing in ¢ so that for lower ¢
the incumbency advantage is even greater.

3Note that the value of A is never monotonic in g because it must go up as switch from case I
to II and down when switch, at higher ¢, from case II to III.
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Figure C.1: Incumbency effect for different values of the prior on quality,
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