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Introduction

The challenges posed by climate change and population aging are among the most press-
ing concerns in public debate and policymaking. These phenomena not only threaten
long-term sustainability but also raise complex questions about efficiency and intergener-
ational equity. The economic analysis of policies that address these challenges, like any
other, requires a clear description of the environment in which economic agents operate.
However, despite these phenomena having begun to receive attention a few decades ago,
many relevant aspects remain underexplored in existing economic models. This can lead
to incomplete or even misleading policy recommendations and significant gaps in our
understanding of potential trade-offs.

Environmental and public policies, particularly those related to social security, have
attracted the attention of economists since at least the early twentieth century. Economic
analysis of environmental policies dates back to Arthur Pigou’s work on externalities,
which laid the foundation for using taxes to correct market failures, such as pollution. At
the same time, the concepts of public goods and market failure began to justify state-
provided benefits, such as pensions. After World War II, interest in social security grew,
leading economists like Paul Samuelson to study transfers from young to old from a social
welfare perspective.

Today, economic research in these areas has shifted from simple theoretical models to
complex quantitative models aiming to replicate and forecast real-world behavior (e.g.,
integrated assessment models or Bewley-Ayagari life-cycle models). Although quantitative
models offer detailed predictions and policy guidance, stylized theoretical models remain
indispensable. They help identify core mechanisms, clarify trade-offs, and generate results
broadly applicable across contexts. Such models are particularly valuable for uncovering
unintended consequences of government interventions, providing new qualitative insights
for policymakers.

With this general motivation, background, and objectives, the present dissertation ex-
plores how environmental and public policies and /or their effectiveness can be affected by
various factors, such as individual motivations, political considerations, and social inter-
actions. It consists of three chapters (papers), each focusing on one of these factors and
developing a distinct theoretical model. Using the tools of general equilibrium and game

theory, these models constitute rigorous but simple analytical frameworks. Furthermore,



Introduction

their fully dynamic structure enables them to capture interactions and potential conflicts
between short- and long-run effects.

The first chapter is motivated by the observation that the personal involvement of
individuals in environmental protection is increasing in many countries. However, it
is unclear whether their private contributions will improve the long-run quality of the
environment when these contributions can influence government environmental efforts.
Using a growth model with environmental quality as a public good, I examine the interplay
between individuals’ voluntary contributions to environmental protection, driven by a
‘warm glow’ of giving, and public environmental policy. I ask how these interactions
affect the joint evolution of economic output and environmental quality, showing that the
long-run impact of warm-glow motivation on both variables is negative if the government
intervenes optimally.

Related to environmental policy as well, the second chapter, co-authored with Gerhard
Sorger, investigates how political pressure influences optimal climate policy and the energy
transition. A key feature of our analytical framework is its ability to capture dynamic
inconsistency in climate policies, which naturally arises from their long time horizon and
susceptibility to modifications due to political pressure. Among other results, we show,
somewhat counterintuitively, that political pressure from the polluting sector can lead
to a higher rate of clean energy investment chosen by the government. On the other
hand, political pressure to increase investment in clean technology leads to a higher rate
of emissions, with its negative effect on the long-run stock of greenhouse gases.

The third chapter, co-authored with Kirill Borissov, examines aggregate and distri-
butional effects of public pensions in an economy with positional externalities. More
specifically, pensions are assumed to be financed according to a pay-as-you-go scheme,
while individuals’ decisions are subject to social comparisons. The latter can lead to
overspending on personal consumption, which, in turn, can result in zero bequests left
within poor dynasties. Relying on this idea, we develop an overlapping-generations model
with bequests and demonstrate that the pay-as-you-go pension system exacerbates wealth
inequality in an inegalitarian regime. However, it also encourages capital accumulation,
which contradicts most of the previous results in the literature.

The dissertation offers new insights for policymakers. Chapter 1 emphasizes the need
to consider the potential long-term consequences of relying on or advocating for private
efforts to achieve sustainability goals. The results of Chapter 2 suggest that governments
facing political pressure that leads to higher current emissions should invest in clean tech-
nologies, enabling future policymakers to rely less on polluting alternatives. Chapter 3
highlights the importance of accounting for heterogeneity in bequest behavior when as-
sessing the aggregate long-run effects of old-age social security. Overall, the findings of this
dissertation can inform the design of forward-looking policies that address sustainability

challenges.



Chapter 1

Protecting the Environment: On the
Interplay Between Voluntary
Contributions and Public Policy

1.1 Introduction

As climate change intensifies and environmental degradation persists, the responsibility
for environmental protection is no longer seen as falling solely on governments. While pol-
icymakers implement environmental taxes and invest in large-scale environmental mainte-
nance programs, individual citizens are increasingly stepping up with their own voluntary
efforts. This shift is especially evident in developed countries. Between the years 2010
and 2020, for example, the share of individuals donating to environmental organizations
increased from 11.4% to 13.5% in France, from 15.3% to 20.3% in Germany, and from
18.2% to 23.6% in the United States. Similarly, the share of those willing to incur costs
— in terms of money or time — while “doing right for the environment” increased from
40.3% to 47.2% in Japan, from 51.4% to 59.6% in Germany, and from 59.8% to 64.8% in
Australia (ISSP [20, 21]).

Interestingly, though individuals are willing to exert voluntary efforts to protect the
environment, they are not necessarily willing to support governments’ efforts. Accord-
ing to a recent survey conducted in nine OECD countries (OECD [35]), about 40% of
households in these countries are willing to compromise their lifestyle for the benefit of
the environment but not to pay for a stricter public environmental policy. This naturally
raises questions about the interplay between private and public environmental actions.
Understanding their relationship is essential for designing effective measures that com-
bine individual and government efforts to promote sustainability. Thus, it is important to
examine how increasing individual involvement affects public environmental policy and

when it leads to an overall long-run improvement in environmental quality.
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Chapter 1

In the present paper, we address these questions by developing a growth model with
environmental quality in which both the government and individuals can contribute to
environmental maintenance. To capture the observed discrepancy between the willingness
of individuals to pay for private versus public environmental protection, we assume that
environmental quality is a public good and, therefore, is taken as given by each individual.
Yet, each individual can improve it through her voluntary contribution driven by a ‘warm
glow’ of giving. Here, we follow the approach of Andreoni [4, 5|, which suggests that in
a large economy, individuals tend to view their private contributions to the public good
as a source of personal fulfillment rather than a means to enhance social welfare.! The
government, on the other hand, chooses environmental policy so as to maximize social
welfare, thereby internalizing the environmental externality.

Our main interest lies in the interplay between individuals’ voluntary contributions
to environmental protection and public environmental policy. More specifically, we ask
how the motivation for voluntary contributions — i.e., the strength of warm glow —
affects government abatement expenditures financed by environmental taxes and what
implications this has for the long-run levels of output and environmental quality. To
uncover these implications, we separately examine two scenarios: the laissez-faire scenario
without any government intervention and the scenario where the government intervenes
and decides on the environmental policy in the interest of individuals.

We find that if the government does not intervene, aggregate output decreases with
the strength of warm glow in the steady state, whereas environmental quality increases
with it, which is intuitive since environmental quality improves solely through private
warm-glow contributions. In contrast, if the government intervenes and optimally sets
the environmental policy under consideration, not only aggregate output but also en-
vironmental quality declines in the long run as the warm-glow strength increases. The
intuition underlying this result can be explained as follows. Private efforts to improve
the environment divert resources from capital accumulation, implying lower output in the
economy in the long run. This reduces the amount of resources available in the long run
for government actions. Moreover, private contributions lower the need for government
intervention. As a consequence, public abatement expenditures fall with an increase in the
warm-glow strength to the point that total abatement expenditures, private plus public,
decrease in the steady state, leading to lower steady-state environmental quality.

We also discuss the robustness of our findings to several extensions of the model and to

alternative assumptions. In particular, we further demonstrate that a stronger warm-glow

!Taufik et al. [41] have found that acting environmentally friendly is intrinsically rewarding, while
Bolderdijk et al. [9] have argued that appealing to moral responsibility rather than economic concerns
is more effective in promoting pro-environmental actions. Furthermore, several experimental studies
have shown that when individuals make private contributions to an environmental public good, they are
primarily motivated by the warm-glow effect (see, e.g., Menges et al. [32] and Ma and Burton [29]). In
a more general context, the warm-glow motivation for private contributions to a public good has been
documented by Ribar and Wilhelm [39] and Crumpler and Grossman [12].

4



1.1 Introduction

motive can lead to a higher long-run environmental quality when private efforts to im-
prove it are more efficient than public ones. In this case, however, the government would
find it optimal to allocate all tax revenue to subsidize private contributions, provided that
such subsidies are available. Then, the negative long-run effect of the warm-glow motive
on environmental quality persists. In other words, increasing individuals’ motivation for
private environmental protection lowers long-run environmental quality despite such ac-
tivity receiving the maximum support from the government. Alternatively, by subsidizing
savings rather than private contributions, the government can reverse the sign of the long-
run environmental impact of warm glow, but this would again require higher efficiency
of private environmental protection efforts over public ones. If the government is more
efficient than individuals in environmental protection, the negative effect would still hold.

A number of studies have examined the relationship between private environmental
protection and public environmental policy using static partial-equilibrium models, which
are not able to capture the fact that environmental quality and efforts to improve it
(private and/or public) may endogenously change over time as the economy develops.?
Perino [37] has proposed a general-equilibrium, yet also static, model with two sectors
and investigated how campaigns that stimulate voluntary contributions to environmental
improvements by intrinsically motivated consumers affect aggregate emissions for different
mandatory climate policies. Ballet et al. [6] have studied the crowding-out effect of the
government’s abatement effort on the voluntary abatement effort of individuals in a dy-
namic general-equilibrium setting with overlapping generations. They, however, assume
that the voluntary effort is determined at the aggregate rather than the individual level,
disregarding the free-rider problem. Dam and Heijdra [13] have asked whether public en-
vironmental policy is effective in the presence of the households’ warm-glow motive. They
have developed a dynamic general-equilibrium framework in which households, unlike in
Ballet et al. [6], do not fully internalize the environmental externality but experience a
warm glow from contributing to the public good. This is similar to our approach. Never-
theless, none of these papers allow for endogenous public environmental policy.

Our paper also contributes to the ongoing discussion in the literature on whether pro-
environmental preferences are good for the environment. Ambec and De Donder [3] have
considered consumers experiencing a warm glow from buying a greener product (green

consumerism) and shown that the warm-glow effect reduces environmental quality with

2Within these models, it has been discussed, for example, how green taxes and subsidies can encour-
age morally motivated individuals to purchase green goods (Nyborg et al. [34]) and how a decrease in
consumption of brown goods by such individuals affects the optimal tax on these goods (Daube and Ulph
[14]). Similarly, Chan [11] has analyzed how optimal environmental policy changes in the presence of
different behavioral motives, including green consumerism, warm glow, and moral norms. Herweg and
Schmidt [17] have studied how the intrinsic motivation of climate-conscious consumers is affected by the
chosen policy instrument to reduce emissions and how it affects the efficiency of regulation. Taking a
mechanism design approach, Wichman [43] has examined how a regulator can achieve the socially optimal
provision of an environmental public good when consumers’ preferences feature the warm-glow benefit
from private contribution and are not fully known to the regulator.



Chapter 1

emission standards but not with emission taxes. In the above-mentioned work of Perino
[37], the author concludes that increasing the intrinsic motivation of consumers to re-
duce their carbon footprint can result in higher aggregate emissions if emissions of some
industries are not capped. Marini et al. [31] found that environmentalism, defined by
psychic benefits (resp. costs) associated with a green (resp. brown) product purchase,
is detrimental to the environment when the green product is of better quality than the
brown one. In a broader context of goods generating externalities, including pollution,
Kaufmann et al. [26] demonstrated that the social responsibility of consumers may lead
to overconsumption of these goods due to the violation of price-taking behavior. Comple-
menting these studies, we provide a novel rationale for why pro-environmental preferences
may harm the environment, which relies on the negative long-run impact of warm-glow

motivation on total (private and public) abatement expenditures.

Finally, from a more policy-oriented perspective, our paper contributes to the debate
on the role of private actions in ensuring a better environment in the future. Contrary
to popular belief (see, e.g., IPCC [19] and Capstick et al. [10]), we argue that advocat-
ing for private actions may not necessarily lead to improved environmental outcomes.
While governments may find themselves less pressured by individuals to intervene, ad-
vocating for private environmental actions can also diminish the resources available for
these interventions in the long run, which could result in the environment being worse
than without private actions at all. Policymakers, thus, need to carefully consider the
potential long-term consequences of relying on and/or advocating for private efforts to

achieve sustainability goals.

The remainder of the paper is organized as follows. Section 1.2 describes the model.
In Section 1.3, we define an equilibrium for a given environmental policy and examine the
effects of the warm-glow strength in the laissez-faire case. In Section 1.4, we endogenize
the policy and present our main results. Section 1.5 discusses their robustness. The last

section concludes and suggests some directions for future research.

1.2 The Model

Our model has an overlapping-generations (OLG) structure and is similar to the standard
OLG model with environmental quality developed by John and Pecchenino [22]. A key
difference is that we allow individuals to privately contribute to environmental protection,

which is otherwise carried out solely by the government.?

3John and Pecchenino [22] assume that individuals alive are represented by a short-lived government
whose responsibility is to maintain environmental quality for their benefit. We will make the same
assumption when considering endogenous public environmental policy in Section 1.4.



1.2 The Model

1.2.1 Individuals

Time is discrete and indexed by t € {0,1,...}. In every period ¢, a new generation of
identical individuals is born. The size of each generation is normalized to 1, i.e., there is
no population growth. Each individual lives for two periods: young and old. In the first
period, each individual of generation t inelastically supplies one unit of labor, earning
a wage w;, which can be used for consumption ¢;, savings s;, or making a contribution
to environmental protection m;. In the second period, individuals retire and consume
the proceeds of their savings. Therefore, the individual’s first and second-period budget

constraints read

Ct + St + my = Wy, (1].)

dt+1 = Rt+1st7 (12)

where d;., is the old-age consumption level and R, is the gross interest rate in the
economy in period ¢ + 1.

Individuals derive utility from consumption, the quality of the environment they live
in (e.g., air or water quality), and the contribution to environmental protection they
voluntarily make. Formally, we assume that the preferences of each individual born at

time t are represented by the following lifetime utility function:
U(Ct, Et) + OZ’U(mt) + 5U(dt+1, Et+1)7

where FE; denotes the measure of environmental quality in period ¢. The parameters
a >0 and 6 > 0 are the strength of warm glow derived from voluntary contribution and
the time-preference factor, respectively. The function u is assumed to satisfy u}(-) > 0,
ubh() > 0, ufy(+) <0, uly(-) <0, ufy(+) >0, lim, o uj(x, E) = oo, while the function v is
assumed to satisfy ¢'(-) > 0 and v"(-) < 0.

Concerning the interpretation of m;, one can think of private donations to envi-
ronmental organizations or, more broadly, expenditures associated with individual pro-
environmental behavior (to the extent that they represent a private contribution to the
public good), such as installing solar panels for residences or switching to an electric car.
The key idea here is that individuals are willing to incur these expenditures because they
are intrinsically motivated to protect the environment and not because they internalize
the effect of their pro-environmental expenditures on environmental quality per se. As
mentioned in the Introduction, we treat environmental quality as a public good, assuming
that each (infinitely small) individual takes the level of this public good as given when
choosing her optimal behavior. Other economy-wide variables, such as the wage rate and
the gross interest rate, are also taken as given by each individual. That said, all individuals

of generation ¢ are assumed to correctly anticipate R, and E;,; when young.

7
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The problem of each individual born at time ¢ is to maximize her lifetime utility subject
to her budget constraints by choosing the vector (my, ¢, diy1). Taking into account all
the above assumptions, this yields the following first-order conditions for given values of

wy, Eyy, Ryyr, and By

av'(my) = uf (e, Ey), (1.3)

u'l(ct, Et) = §Rt+1u'1(dt+1, Et+1). (14)

The second condition reflects the usual intertemporal trade-off between consumption when
young and when old. The first condition, on the other hand, reflects the willingness
of individuals to sacrifice their consumption when young for the internal satisfaction
derived from voluntarily contributing to the environmental public good.* This willingness
increases as the strength of warm glow, o > 0, increases, with the boundary case o = 0
corresponding to the situation where individuals do not voluntarily contribute at all.
Therefore, one can interpret « as a measure of individual pro-environmental behavior in
the economy. Our ultimate goal is to understand how « influences the long-run level of

environmental quality.

1.2.2 Environmental Quality

We assume that for a given initial value Ey > 0, the environmental quality F; evolves

according to the following equation:
Eiy =bE+ (1= b)E; — BY; 4+ v(my + g1). (1.5)

Considering first the last two terms on the right-hand side, the term SY; represents envi-
ronmental degradation or pollution as a by-product of production activities in period t,
with the parameter § > 0 measuring how much each unit of output produced Y; degrades
the environment. This degradation can be overcome by increasing individuals’ voluntary
contributions to environmental protection, m;, or increasing government expenditures,
which we denote by g;. Following our examples for voluntary contributions mentioned,
one could think of g; as government expenditures on supporting solar power plants or

developing public transportation. Notice that private and public pollution abatement

4An interesting alternative approach to modeling private contributions to environmental protection has
been proposed in Bezin [7], where individuals make them in order to socialize others into environmental
attitudes. Similarly to our study, this paper assumes that private contributions are determined at the
individual level, i.e., individuals ignore the effect of their own contribution on environmental quality. In
our model, the motivation for private contributions is purely intrinsic. This aligns with the approach
taken in the recent paper by Aghion et al. [2], where individuals are assumed to be intrinsically motivated
and incur costs to act in an environmentally friendly way, despite having a negligible individual impact
on emissions.



1.2 The Model

efforts have the same efficiency level, denoted by v > 0. We will relax this assumption in
Section 1.5.°

The first two terms on the right-hand side of (1.5) capture the internal dynamics
of environmental quality. The autonomous level of environmental quality is given by
E > 0, while b € (0,1) measures how fast environmental quality converges to this level
in the absence of human activities. Given that b is less than one, current production and
abatement activities have a greater influence on the environment in the near future than

in the distant future.

1.2.3 Firms

In every period, the economy produces Y; according to a neoclassical production function
F(K,L):
}/; - F(Kt, Lt>7 (16)

where K is the capital stock and L; is the amount of labor used in period t. We assume
that the function F' is homogeneous of degree 1 in both variables and satisfies F](-) > 0,
Fi(-) >0, F{1(-) <0, F}5(-) <0, and FJ5(-) > 0. For the sake of simplicity, and because

one period lasts half a generation, capital is assumed to depreciate fully each period.

There exists a representative firm that chooses the levels of K; and L; every period to

maximize its profit 7;, which is defined as follows:
Ty = (1 — Tt)}/;g — Rth — U)tLt.

Since production generates pollution, we assume that the government taxes firms, follow-
ing the polluter-pays principle. Specifically, each unit of firms’ production is taxed at
a rate of , € [0,1). Then, under the conventional assumption of perfectly competitive
markets, the imposition of this environmental tax (hereafter referred to as the pollution
tax) translates into a reduction in the gross interest rate, R;, and the wage rate, w;, which

are given by

Ry = (1—7)f"(k), (1.7)
wy = (1 —7)[f (k) — ko f ()] (1.8)

5Tt is also worth noting that a linear relationship among polluting activity, abatement, and the quality
of the environment, which is a standard simplifying assumption in the literature, makes private and
public abatement perfect substitutes for environmental protection. This could be seen as a limitation
of our approach. However, if we consider the opposite extreme, where they act as perfect complements,
the model’s main implications when private and public abatement coexist would remain unchanged.
Therefore, we do not expect the presence of complementarity between private and public abatement to
impact our main results.
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where k; := K,;/L, is the capital stock per worker in period ¢t and f(k) := F(k,1) is the
intensive-form production function. Because we normalize the size of each generation to 1
and assume that the young supply labor inelastically, we have k;, = K; for every t > 0.

In equilibrium, the capital stock used for production in period ¢ 4 1 is equal to the
aggregate savings in period t, i.e.,

Kt+1 = S¢. (19)

The initial capital stock Ky > 0 is given exogenously and is equally distributed among all

old individuals in period 0.

1.2.4 Environmental Policy

We have introduced two environmental policy measures, namely, government pollution
abatement expenditures, ¢g;, and the pollution tax, 7;. This environmental policy is as-
sumed to be budget-balanced every period, i.e., pollution taxes collected from firms in
period t are used to finance public abatement in the same period.® Thus, the government’s
budget constraint is given by

g = 1Yy = i f(Ky), (1.10)

where the second equality follows from L; = 1. It is clear that the variable 7; fully deter-
mines the environmental policy under consideration and can equivalently be viewed as the
share of public abatement expenditures in GDP. In the next section, we consider exoge-
nous (budget-balanced) environmental policy and treat 7; as given. Later, in Section 1.4,

we will consider endogenous 7;, which is optimally chosen by the government.

1.3 Equilibrium for a Given Policy

In this section, we define the equilibrium of the economy described above for a given
sequence of pollution tax rates {7;}:°, and discuss a laissez-faire scenario without any
public policy. In equilibrium, individuals solve their utility maximization problem, firms
solve their profit maximization problem, all markets clear every period, and the law of
motion for environmental quality is given by (1.5). More formally, we have the following

definition.

Definition 1.1. For a given sequence of pollution tax rates {1;}32, and a given ini-
tial state of the economy (Ko, Ey), an equilibrium (or an equilibrium path) is a sequence
{me, ety diy Kir, Evi1 122 such that for every period t > 0, equations (1.1)-(1.10) hold.

6The absence of public debt is justified by the fact that when endogenizing environmental policy, as
you will see in Section 1.4, we focus on a short-lived government. With public debt, such a government
would have incentives to default on previously issued debt and issue an infinite amount of new debt to
finance current public abatement, which is not plausible. On the other hand, if the public debt-to-capital
ratio is kept constant over time, our main results would remain qualitatively the same as with no public
debt.

10



1.8 Equilibrium for a Given Policy

Throughout the paper, we use a log-linear specification for the lifetime utility func-
tion and a Cobb-Douglas specification for the production function to keep the analysis

tractable.” In particular, we will assume
vim) =Ilnm, u(z,F) =Inzx + AXIn E, f(k)= Ak", (1.11)

where v € (0, 1) is the share of capital income in total output, A > 0 is a fixed productivity
parameter, and A > 0 is the degree of environmental concerns among individuals, which
is unrelated to the warm-glow parameter a. Under these specifications, the equilibrium

(for a given policy) is characterized by the following dynamics of the state variables:®

(1 —7m)(1 —v)AKY
1+a+9

Ky = , (1.12)

a(l—7)(1—v)
l+a+6

EH:wE+Ufwﬂﬂ+{v{ +n}—ﬁ}AKf (1.13)
It follows from the first equation that an increase in the pollution tax rate 7, discourages
capital accumulation, which is due to a reduction in the wage rate. As for the second
equation, we see that for a given K; > 0, a higher 7; leads to a higher environmental
quality in period ¢ + 1. This is because public pollution abatement, g, = 7, AK}, directly
increases with 7, while the private one, m,, decreases with 7, due to a reduction in the
wage rate, but not so much as to exceed the increase in ¢g;. To put it differently, one
can infer from (1.13) that public abatement today increases environmental quality next
period while partially crowding out private abatement.”

Let us now consider the laissez-faire situation, where 7, = 0 holds for all £ > 0. The

following result follows directly from equations (1.12) and (1.13).

Proposition 1.1. In the absence of public environmental policy (i.e., 7, = 0 holds for all
t > 0), the capital stock K, and the environmental quality E; converge to their steady-state

values K* and E*, respectively. These steady-state values are given by

. FAa—uqit

T l1+a+o

popyd oy

b 1+a+5_5yMKﬂK

b

"In the context of an OLG model with environmental externalities, a log-linear lifetime utility function
is also used in John et al. [23] and in subsequent studies such as Mariani et al. [30]. A Cobb-Douglas
production function is used, for example, in Prieur [38] and Bezin [7].

8The omitted derivations and proofs can be found in Appendix 1.A.

9In contrast to the related work by Ballet et al. [6] mentioned in the Introduction, public abatement
necessarily (but partially) crowds out private abatement efforts in our general-equilibrium setting. Simi-
larly to Dam and Heijdra [13], however, also mentioned in the Introduction, pro-environmental behavior
by individuals (i.e., @ > 0) partially offsets the positive effect of public abatement on environmental
quality.
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Note from Proposition 1.1 that the steady state of the laissez-faire economy is charac-
terized by the negative dependence of K* on the parameter «, that is, a higher intensity of
warm glow from making voluntary contributions to the environmental public good leads
to a lower steady-state capital stock. This finding is not surprising, given that private pol-
lution abatement diverts resources from consumption but also savings and, consequently,
capital formation. On the other hand, because of this effect, the amount of resources
available in the long run for private abatement falls, too, and the steady-state level of
environmental quality can potentially decrease with «. The value of « for this to happen,
though, must already be quite high. More precisely, we have OE*/0a > 0 if y(1—v) < f;

otherwise, we have

OE* <
oo <

146 8
S ST

A

0 & «

Since, in the real world, individuals are more likely to prioritize their consumption over
their private contribution to the environment, the value of « is realistically below 1.
At the same time, the capital share v is realistically below 1/2, which implies that the
critical threshold for « in the above relationship is likely to exceed 1. Thus, under plausible
restrictions, our model predicts a positive effect of the warm-glow strength on steady-state
environmental quality in the absence of public environmental policy. In the next section,
we will show that if public policy is present and endogenously chosen by the government,

a higher warm-glow intensity always leads to a lower steady-state environmental quality.

1.4 Endogenous Environmental Policy

So far, pollution tax rates have been assumed to be exogenously determined. Let us
now consider a one-period lived government, as suggested by John and Pecchenino [22],
and endogenize the sequence {7;}5°,.1% With endogenous environmental policy, our main
interest lies in its dependence on the warm-glow strength as a measure of individual

pro-environmental behavior.

The one-period government chooses environmental policy in the interest of all indi-
viduals alive during its period of office, i.e., both the young and the old. In particular,
we assume that the government that is in office in period ¢, or for short, the time-t

government, seeks to maximize a weighted utilitarian social welfare function, i.e.,

,LLu(dt, Et) + U(Ct, Et) + 5U(dt+1, Et-i—l)a (114)

107t is worth mentioning that John and Pecchenino [22] assume the existence of a one-period lived
government but do not model it explicitly. This is done in John et al. [23], which studies a similar model
with a different focus. We rely on this second paper, too.
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1.4 Endogenous Environmental Policy

where p > 0 is the weight the government attaches to the welfare of the current old relative
to that of the current young. Since the private contribution m; provides warm-glow utility
and increases the utility from the public good (environmental quality), we exclude the
warm-glow component from the social welfare function to avoid double counting. This is
in line with Diamond [16], who argued against including warm glow in social welfare.!!
Nevertheless, if we include it, our main result, namely, the negative dependence of steady-
state environmental quality on « continues to hold for all > 0 as long as its dependence

on the degree of environmental concerns, A, is positive (see Appendix 1.A for details).

The time-t government’s problem is to choose 7; that maximizes (1.14) subject to all
the equilibrium conditions (1.1)-(1.10). The fact that the government takes the equilib-
rium conditions into account implies, in particular, that the government, unlike individ-
uals, internalizes the effect of voluntary contributions m; on the future environmental
quality E;,1. Similarly, it internalizes the effect of savings s; on the future interest rate
Ry 1. At the same time, we assume that the time-t government correctly anticipates the
next-period pollution tax rate 73,1, which also influences R;.;, but takes this tax rate
as given. The last assumption reflects the idea that the current government ignores the
potential impact of its chosen policy on that determined by the future government.!?
Therefore, the current policy 7; is set for a given 7,1 and, in general, depends on it. Fur-
thermore, since we consider a dynamic setting, the chosen tax 7; also depends in general

on the values of two state variables K; and FE;.

We stick to our specification assumption (1.11). Then, the social welfare function
(1.14) becomes

p(nd; + A\InEy) +Inc, + AInEy + 0(Indyyy + Aln Eyyy),

with ¢; and d; being proportional to (1 — 7;) K} in equilibrium, d;;; being proportional
to (1 — 741)KY, 1, and (Kiy1, Eryq) being given by (1.12)-(1.13). Note that because the
time-t government takes 7,41 as given, it can disregard the additive term involving 7,1
when maximizing this objective function, evaluated at the equilibrium, with respect to
7;. Thus, under (1.11), the current policy turns out to be independent of 7, 1. Moreover,
because the current government inherits the state (K3, F;) from the previous government,

the time-t government’s problem can further disregard additive terms involving K; and

1 Considering environmental policy in an economy with intrinsically motivated individuals, Herweg and
Schmidt [17] also assumed that the government (regulator) wants to maximize material social welfare.
In Ambec and De Donder [3], the social welfare function similarly excludes the warm-glow component.

12The same assumption is made in Ono [36]. Alternatively, one can assume, as in Karp and Rezai
[25], that all time-t governments choose the same policy rule that maps the state of the economy into
the pollution tax. We do not explore this alternative assumption in the present paper. However, in
Subsection 1.5.6, we consider a long-lived government, which can also be viewed as the case where the
current government that cares about currently living as well as yet unborn generations realizes its impact
on the policy chosen by the future government.
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E;, reducing eventually to

IIGl[%}i)(l +pu+ov)In(l — 1) + A In Eyyq, (1.15)
Tt )

where Ej,q is given by (1.13). It is clear that the only reason for the government to
intervene and choose 7, > 0 is to improve the future quality of the environment for the
current young, F; 1, which, as pointed out in the previous section, increases with 7; for a
given K;. Since we already examined the situation without policy interventions, we focus
on an interior solution to the government’s problem, implying that private and public

pollution abatement coexist. The next proposition characterizes this solution.

Proposition 1.2. The interior solution to the time-t government’s problem is given by

DB+ (L-DE + (v - DAKY

Y(1+ N1 — 2D AKY

T =

9

where A := X/(1+ p + 6v).

Proposition 1.2 shows that while the optimal current pollution tax rate 7, does not
depend on 7,1, it evolves with the state of the economy (K, F;). Specifically, it increases
as the current capital stock K; and, hence, the output ¥; = AK} increases or as the
current environmental quality F; decreases. That is, the government imposes a higher
pollution tax and thus raises tax revenue to finance public abatement when the economy
produces more output or when the environment is in worse condition. Intuitively, these
findings reflect a higher demand for environmental protection when environmental quality
is low and pollution is high. At the same time, a larger amount of resources is available
for this protection when more (polluting) output is produced. Proposition 1.2 also shows
that 7; is low for a given (K, E;) when the warm-glow strength « is high. This result
is also intuitive: the demand for government intervention in environmental protection
declines as individuals are more motivated to protect the environment privately.!?

We now turn to the dynamics. Applying the expression for 7; from Proposition 1.2 to
the state equations (1.12) and (1.13) derived for a given policy, we obtain that K; and F;

evolve as
5(1 = v)[bE + (1 = b)E; + (v — B)AKY]
(1 4+ 0A)(1 4 av + 6)
SADE + (1 —b)E, 4 (v — B)AKY]
140X

Kt+1 - 5 (116)

Et+1 - . (117)

I3Note that this effect relies on private and public abatement being modeled as perfect substitutes. If,
alternatively, they were perfect complements, the effect would disappear.
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1.4 Endogenous Environmental Policy

These equations highlight the role of savings in environmental protection, as the en-
vironmental quality in period t + 1 is proportional to the capital stock in that period
and, consequently, to the aggregate savings in period t. Proposition 1.3 shows that this
property, together with our assumption of a linear natural regeneration of environmental

quality, leads to simple expressions for the long-run values of K; and Ej.

Proposition 1.3. Suppose that v > [ holds. When public environmental policy is opti-
mally chosen by one-period-lived governments, the capital stock K; and the environmental
quality E; converge to their steady-state values K** and E**, respectively. These steady-

state values are given by
0(1 —V)[bE + (v — B)A(K*™)"]
Y(1 + 6Ab)(1 + av + §)
SADE + (v — B)A(K*)"]
1+ 6Ab '

K** —

Y

E** —

The condition v > 8 in Proposition 1.3 means that if all output is invested in pol-
lution abatement, the resulting environmental improvement must be able to exceed the
environmental degradation caused by the production of this output. Similar conditions
are used in other OLG models with environmental quality (see, e.g., Schumacher [40]), and
it can be seen as a condition that rules out inefficient pollution abatement technologies.

Moreover, without this condition, the economy may not converge to a steady state.!4

Equipped with Proposition 1.3, we can now examine how individual efforts to protect
the environment affect environmental quality in the long run when they also influence the
choice of environmental policy by the short-lived government. To do so, we consider the
comparative statics with respect to the warm-glow strength, e > 0. Let us first note that

the relationship between a and the steady-state capital stock K** is negative, i.e.,

OK**
Oa

< 0. (1.18)

Similarly to the case where public environmental policy was absent, this result is driven
by the negative effect of a on the share of wage income saved by the young, reflecting
that private abatement diverts resources from savings. On the other hand, with public
policy, savings are also positively influenced by « via a reduced pollution tax rate for a
given state (K, ;) and, hence, an increased wage rate. Yet, this positive indirect effect

is weaker than the former negative direct effect in the long run.

4More precisely, if v < 8 and the difference 3 — « is sufficiently large, the model dynamics exhibit
explosive oscillations around the steady state. The critical threshold for 53—+ decreases as the autonomous
level of environmental quality, F, becomes closer to 0 (most of the previous literature assumes E to be
0).
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Next, due to the negative dependence of steady-state capital stock on «, the steady-
state level of output produced by firms decreases with the warm-glow strength, too.
Furthermore, as a increases, the pollution tax rate that firms face decreases not only in
the short run but also in the long run. Denoting the steady-state pollution tax rate by

7, it is straightforward to check that it is given by

A =1— bE + (’Y - B)A(K**)V
~(1 + 6AD)[1 — ‘i‘f;g]A(K**)V

which, taking into account (1.18), indeed implies 07** /0a < 0 for any value of o. Thus,
in the long run, the government collects fewer taxes from firms and therefore spends less
on public pollution abatement (equal to 7**A(K**)”). The question then is whether the
negative effect of the warm-glow strength on public pollution abatement is sufficiently
strong for environmental quality to fall. It follows from the expression for £** and (1.18)

that the following result is true:
8E**

Oa

Note that this result holds despite production, which worsens environmental quality

< 0. (1.19)

through pollution, decreasing with « in the long run. As a corollary, the sum of pri-
vate and public abatement must also fall with the warm-glow strength in the steady

state.

In sum, a higher degree of warm glow leads to a lower capital stock and a lower
pollution tax revenue in the long run. The latter reduces abatement expenditures by the
government, leading to a decrease in total (private and public) abatement expenditures,

which, in turn, reduces environmental quality.

In concluding the present section, we would like to stress that while a stronger motiva-
tion to contribute to environmental protection privately causes steady-state environmental
quality to fall, it does not have to fall as individuals become more concerned about the
environment. In fact, by studying the effect of the degree of environmental concerns A on
E**, we obtain

ag* ST P G ”)(i(;’”‘s”),

which indicates that greater individuals’ concerns for environmental quality are associated

(1.20)

with higher levels of environmental quality in the long run, provided that these concerns
are not too strong.'®> This finding is explained by a more stringent environmental policy
adopted by the government, whose intervention is necessary to account for the public
good nature of environmental quality. Indeed, as one can see from Proposition 1.1, the

parameter \ does not appear in the expressions for K* and E*, in contrast to those for

5For v < 1/2, for example, it is sufficient that A\ does not exceed 1/J, meaning that environmental
quality when old is less important for the current young than their young-age consumption.
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1.5 Robustness

K** and E**, as if individuals did not care about the level of the environmental public

good at all.

1.5 Robustness

In this section, we examine whether the negative long-run effect of the warm-glow strength

on environmental quality is robust to several extensions and alternative assumptions.

1.5.1 Different Efficiencies of Private and Public Abatement

We begin with an extension in which private and public pollution abatement efforts may
have different efficiency levels, denoted by 7, > 0 and v, > 0, respectively. The special
case where 7, = 7, = 7 corresponds to our original model. The law of motion for

environmental quality (1.5) is modified as
Et+1 = bE + (1 — b)Et — BYQ + Y + Yg9t- (121)

Since individuals are atomistic in our economy, one can reasonably assume that the gov-
ernment is more efficient in protecting the environment than individuals, i.e., 74 > 7y,. In
practice, governments, unlike individuals, can implement large-scale pollution abatement
programs that benefit from economies of scale, providing a more cost-effective way to
improve the environment. In addition, governments can use recent technological advance-
ments that might be inaccessible to individual citizens, further increasing the relative
efficiency of public abatement. Nonetheless, no restrictions on the relationship between
g and 7y, are required to derive the results below, so they also hold for the case v, < vp,.

While all other equations in the model remain unchanged, the law of motion for the
capital stock is modified, too. The latter depends on the environmental policy chosen by
the government, which now has to account for the difference in the efficiency of private
and public pollution abatement. In particular, proceeding analogously to the baseline

model, we obtain the following proposition.

Proposition 1.4. When private and public pollution abatement may differ in their effi-
ciency levels (i.e., ym # 7,4), the interior solution to the time-t government’s problem is
given by

BB+ (1= B, + (7, — BAKY

(1+ 0Ny — e ARy

Note that the higher the efficiency of private abatement, ~,,, the lower the optimal
pollution tax rate for a given state (K3, E}). In other words, it is optimal for the gov-
ernment to rely less on public abatement as each unit invested in abatement activities

privately causes higher environmental improvement.
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Then, under this optimal policy, the joint dynamics of the capital stock K; and the
environmental quality E; are given by
0(1 = v)[bE + (1 = b)E, + (v, — B)AKY]

Ken = (14 6M) [y, (1 + a +6) — yma(l = v)] (1.22)

SAIDE + (1 — b)E; + (v, — B)AKY]
140X

t+1 = ; (1.23)
which gives equations (1.16)-(1.17) for identical efficiency between private and public

abatement. The next proposition generalizes Proposition 1.3 to heterogeneous efficiency.

Proposition 1.5. Suppose that v, > B holds. When public environmental policy is opti-
mally chosen by one-period-lived governments, the capital stock K; and the environmental
quality By converge to their steady-state values K** and E**, respectively. These steady-

state values are given by
e D= BB + (3~ A
(14 0MD) [y, (1 + o+ 8) — (1 = v)]’

SADE + (v, — B)A(K*)"]
1+0M\b '

E** —

It is easy to deduce from this proposition that if, realistically, the government is more
efficient in protecting the environment than individuals (i.e., 7, > 71, ), the negative effect
of the warm-glow strength o on the steady-state environmental quality E** still holds.
If, on the contrary, individuals are more efficient in protecting the environment (i.e.,
Yy < 7Ym), the strength of their motivation to do so still affects E** negatively as long
as the efficiency 7, remains smaller than 7,/(1 — v) but positively when it is greater.'®
That said, as we will show in the following subsection, for v, < 7,,, the government would
find it optimal to subsidize private abatement rather than to finance public abatement if

such subsidies are available. The negative effect of a would then persist even in the case
Tm 2 Y/ (1 —v).

1.5.2 Subsidies for Voluntary Contributions

Next, we allow the government to allocate revenue from the pollution tax not only to public
abatement but also to subsidies for voluntary contributions. Let 6}* € [0,1) denote the
subsidy rate that the time-t government applies to each unit contributed to environmental

protection privately, m; > 0. Then, the government’s budget constraint (1.10) becomes

g+ 07"my = 1Yy = 7 f(Ky),

16In any case, v, must be greater than v,,a(1 —v)/(1+ a + d) for the equilibrium to exist and greater
than 8 to ensure its convergence to a steady state.
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while the individual’s first-period budget constraint (1.1) becomes
ct—l—st—i—(l—th)mt:wt.

Let us also denote by o; the share of tax revenues used to finance subsidies, i.e., o, :=
0 my /[ f (K)]. The pair (73, 04) thus characterizes all feasible combinations of the three

environmental policy measures g;, 7, and 6;".

To make the analysis interesting, we maintain the assumption from the previous sub-
section that private and public pollution abatement may differ in efficiency. Therefore,
equation (1.21) holds. With the functional forms given in (1.11), this equation can be

expressed in equilibrium as

Yma(1 — 1) (1 —v)
l1+a+d

B =bE+(1-bE, + { + 1 — B+ (Ym — ’}/g)O'tTt} AKY, (1.24)
which coincides with (1.13) for v, = 7, = 7. On the other hand, we can show (see
Appendix 3.A) that the objective function of the time-t government’s problem with sub-
sidies remains the same as in (1.15). Then, if v, = 7, = 7, any value of o; from 0 to 1
can be chosen by the time-t government without affecting our initial results. Similarly,
if v, > 7, the time-t government chooses not to subsidize voluntary contributions, i.e.,

oy = 0, and we return to the model discussed in the previous subsection.

Finally, consider the case v, < 7,,. If individuals are more efficient in environmental
protection than the government, the government finds it optimal to choose o; = 1, and
therefore public abatement disappears from the model. Then, it is straightforward to see
that the law of motion for environmental quality (1.24) coincides with (1.13) holding with
Y = Ym. As a consequence, with v = ~,,, Propositions 1.2 and 1.3 remain valid for the
case where the entire tax revenue is used to finance subsidies for private abatement, and
so do the effects of an increase in the strength of warm glow, a > 0. The latter finding
means, in particular, that a stronger motivation of individuals to voluntarily contribute
to the environmental public good still leads to a lower level of this public good in the long
run (E**), despite contributions receiving the maximum support from the government.
As before, this long-run effect works through reduced pollution taxes collected from firms.
However, their reduction now does not translate into lower public pollution abatement,
which is absent. Instead, it reduces the government’s support for individuals’ voluntary
contributions. A direct positive effect of o on these contributions becomes relatively weak,
so private environmental protection eventually decreases with the degree of motivation

for such protection (provided that the degree is initially positive).

19



Chapter 1

1.5.3 Savings Subsidies

Alternatively to subsidies for voluntary contributions, the government can subsidize sav-
ings (or tax them if the subsidy rate is negative) to mitigate the negative effect of voluntary
contributions on capital accumulation.!” While savings subsidies are received by individ-
uals, one can also consider subsidies received by firms for their capital use, leading to the
same equilibrium dynamics of the capital stock and environmental quality. Denoting by 6;
the subsidy rate on the returns to savings received in period ¢, we rewrite the individuals’

second-period budget constraint (1.2) as
dip1 = (1 +071) Ritase
and the government’s budget constraint (1.10) as
G+ O R Ky = 1Yy = 1o f(K}).

With these new conditions, the previous specifications in (1.11), and possibly different
efficiency between private and public abatement, we obtain that not only does the law of
motion for environmental quality change, but so does the objective function of the time-t
government. Specifically, the time-t government’s problem (1.15) becomes to choose 7

and 67 to maximize
pln(14+60;) + (1 4+ p+ov)In(l —7) + A In Eyyyq, (1.25)

where FE,;,, is given by

Yme(1 — 1) (1 —v)
l1+a+9

Et+1 = bE + (]_ — b)Et + { + ’Yg[Tt — qu(l — Tt)] — /8} AKIZ/ (126)
As the parameter p represents the relative weight that the government attaches to the
current old in the social welfare function, one can see that there exists an intergenerational
conflict due to savings subsidies: they increase consumption of the current old but reduce
public abatement and, hence, the future environmental quality that will be experienced

by the current young. The optimal policy is given in the following proposition.

17 Another possible extension is the one where the young receive lump-sum transfers (or pay lump-sum
taxes if the transfers are negative). In this case, the main results of the model would be similar to those
obtained in the present subsection.
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Proposition 1.6. When savings subsidies are available, the interior solution to the time-t

government’s problem is given by

gs — ML= V)y(1+ o +9) — yma]
' Yo (1 + a +9)
bE + (1 = b)Ey + (v, — B)AKY

(1+ @)1+ 00) (3 — ass) (1 - v)AKY

_17

where i := /(14 0v).

Note that an increase in the warm-glow strength « reduces both the savings subsidy
rate and the pollution tax rate for a given state (K, E;). The latter effect was already
discussed. However, it can now have important consequences for capital accumulation.
Substituting the expression for 7; into (1.12), which still holds, and the expressions for
both 67 and 7 into (1.26) yields

SBE + (1 — b)Ey + (v, — B)AKY]
(1+ )1+ N[y, (1 + a+8) — ymal’

SAIDE + (1 —b)Ey + (7, — B)AKY]
140X

(1.27)

t+1 —

Et+1 =

. (1.28)

Thus, we obtain:

Proposition 1.7. Suppose that v, > B holds. When public environmental policy is opti-
mally chosen by one-period-lived governments, the capital stock K, and the environmental
quality E; converge to their steady-state values K** and E**, respectively. These steady-

state values are given by
(1+ 2)(1+ 6Ab) [y (1 + @+ 6) = yma

SADE + (v, — B)A(K*)"]
14 6D '

E** —

An immediate corollary from this proposition is that the long-run effect of warm
glow on environmental quality remains negative if the government is more efficient, at
least slightly, in environmental protection than individuals. If the reverse holds (i.e.,
vg < Ym), the direct negative effect of a on capital accumulation becomes weaker than
its positive effect on capital accumulation through the reduced pollution tax rate. As a
result, steady-state capital increases with the warm-glow strength, which further leads to
higher steady-state environmental quality. Similarly, in the special case where v, = 7,
the model with saving subsidies predicts neutral, rather than negative, effects of a on K**

and E**, with total abatement expenditures being independent of «.
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1.5.4 Contributing When Retired

Our fourth extension deals with individual pro-environmental behavior among the old.
Since individuals in our economy are intrinsically motivated, they could, in principle,
make voluntary contributions to environmental protection not only when working but
also during retirement. Under our timing assumptions, contributions by the old would not
be able to change the level of the environmental public good from which the old benefit
themselves. Therefore, their intrinsic motivation should come from altruistic feelings
toward the young. While a rigorous examination of intergenerational altruism is beyond
the scope of this paper, it is still reasonable to allow individuals to derive warm-glow

utility (for whatever reasons) from their voluntary contributions in both periods of life.

Let us denote by m{ and mg, ; the voluntary contributions made by each individual of
generation ¢ when young and when old, respectively. Then, we can rewrite the individual
budget constraints (1.1) and (1.2) as

ct+st+mi’:wt,

dip1 +my = Ry
As for the lifetime utility function, it is modified as follows:
u(cy, By) + a’v(my{) + 0[u(deyr, Evpa) + a®v(mg,)],

where o¥ > 0 and a® > 0 measure the level of intrinsic motivation for making a volun-
tary contribution (the strength of warm glow) when young and when old, respectively.
Consistent with empirical studies showing that younger individuals are more willing to
contribute to environmental protection (see, e.g., Torgler and Garcia-Valinas [42], Wiser
[44]|, Adaman et al. [1]), we suppose that a¥ = o and a® = ea, with the proportionality
factor & being strictly smaller than 1 (but non-negative). The case ¢ = 0 corresponds to
our baseline model. The last modification to mention here is that since the current old
can now make voluntary contributions simultaneously with the current young, the law of

motion for environmental quality (1.5) must hold with
my =my +my, (1.29)

i.e., my in (1.5) is now given by the sum of all voluntary contributions made in period t.
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With these modifications, we first derive the state equations for a given environmental

policy, analogous to (1.12) and (1.13):

d(1+ea)(l—7)(1—-v)AK/

Koo —
o 1+ a+6(1+ea)

: (1.30)

a(l—n)(1—-v) eav(l—mn)
l+a+0(1+ea) 1+ ca

Ei1=bE+ (1-b)E; + {7 { + rt} — ﬁ} AKY. (1.31)
Comparing the first equation with (1.12) and noting that ¢ < 1, it is evident that incor-
porating voluntary contributions by the old does not change the fact that an increase in
the strength of warm glow « discourages capital accumulation for a given pollution tax
rate 7;. At the same time, comparing the second equation with (1.13) reveals that for
given 7, and K, an increase in « still leads to an improvement in environmental quality.
Because of this, the optimal tax rate chosen by the time-t government remains negatively

dependent on o when ¢ > 0, as demonstrated in the following proposition.'®

Proposition 1.8. When the old can contribute to environmental protection privately,
similar to the young (i.e., € > 0), the interior solution to the time-t government’s problem

15 given by -
bE+ (1 —-b)E, + (v — B)AKY

~ a(l_y) v v ’
(L + A1 — I+at+d(l+ea) 1150‘]AKt

Tt:]_—

Next, by substituting this expression for 7 into our new state equations (1.30)-(1.31),
we obtain
6(1 —v)[bE+ (1 —b)Ey + (v — B)AK/]

Kt-i—l = < _ v(l+a ’ (132)
YL+ [6(1 —v) + L5228 4 e

SAIDE + (1 — b)E; + (v — B)AKY]

By = '
r 146\

, (1.33)

where (1.33) is identical to (1.17), while (1.32) differs from (1.16) by a constant factor.

Hence, the long-run behavior of the economy changes only quantitatively.

Proposition 1.9. Suppose that v > 8 holds. When public environmental policy is opti-
mally chosen by one-period-lived governments, the capital stock K, and the environmental

quality E; converge to their steady-state values K** and E**, respectively. These steady-

18 As before, we assume that warm-glow utility (now of the young and the old) is excluded from the
policy objective function.
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state values are given by

g — O =V)PE+ (v = BJA(K™)"]
V(1 + 6A)[3(1 — v) + Lgzes 4 sl

SADE + (7 = )AUK™)"]

E* = <
14 0Ab

As in Section 1.4, the effect of increasing the warm-glow strength o on the steady-state
value K** has the same sign as its effect on E**. However, this sign is not necessarily
negative now. Intuitively, as the old become intrinsically motivated to make voluntary
contributions alongside the young, the negative overall impact of voluntary contributions
on capital formation decreases since contributions in old age represent an additional saving
motive. Furthermore, because contributions by the old directly improve environmental
quality, the need for public abatement also decreases, putting downward pressure on
the optimal pollution tax rate. Both of these effects work in favor of a higher long-run
capital stock and, thus, a higher long-run environmental quality. However, if individuals
are sufficiently more motivated to protect the environment when young than when old,
that is, the factor ¢ is sufficiently low, the negative effects of @ on K** and E** survive.
Specifically, if € is smaller than v/(1 + v + dv), the following relationships hold:

OE** OK™* v(l—¢e)—e(l1+dv)

g VT aa VT S s oo

From this, we can conclude that our main results remain robust to the inclusion of volun-
tary contributions in old age as long as the strength of warm glow («/) is not too high and
the relative importance of voluntary contributions by the old (¢) is sufficiently smaller
than 1.

1.5.5 Time Contributions

In the last two subsections, we briefly discuss the robustness of our results to two alterna-
tive modeling assumptions: first, that individuals voluntarily allocate part of their time,
rather than their income, to protecting the environment, and second, that the government
is long-lived rather than short-lived.

We start by discussing the model with time contributions. Here, our approach is
similar to that of Ballet et al. [6], while we treat environmental quality as a public good.
Suppose each young individual is endowed with one unit of time that she can allocate
between working and protecting the environment (for example, sorting domestic waste
or volunteering in local environmental organizations). Let m; € [0,1) denote the share

of time spent by the individual of generation ¢ on environmental protection. Then, her

19Both alternative frameworks are studied in detail in Supplementary Appendix 1.B.
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first-period budget constraint is given by
e+ s = (1 — my)wy, (1.34)

where the term 1 — m; represents individual but also aggregate labor supply, which must
always be equal to aggregate labor demand, L;, in equilibrium. Furthermore, we mod-
ify the law of motion for environmental quality (1.5) to express individuals’ voluntary
contributions in terms of their opportunity costs, namely unpaid labor income, given by
mewy:

By =bE + (1 —=b)E; — BY: + y(mywy + gr), (1.35)

where Y; = L f (k) = (1 — my) f(K¢/(1 — my)). On the other hand, as before, we assume
that individuals derive warm-glow utility directly from m;, with the parameter a > 0

measuring the strength of such warm glow.?

Solving this alternative model under the specifications in (1.11) used previously, three
important features can be noted. First, the share of time spent by individuals of different
generations on abatement activities is the same and independent of public environmental
policy. Specifically, we obtain m; = /(1 4+« +6) for all t > 0. Second, for a given policy,
the aggregate saving rate (i.e., K;,1/Y;) does not depend on the presence of voluntary
contributions (i.e., does not depend on the parameter o). Due to this effect, in the laissez-
faire scenario, an increase in the warm-glow strength a does not affect output per worker in
the steady state and unambiguously leads to a higher steady-state environmental quality,
even if « is already high. These findings are in contrast to the original model, where the
aggregate saving rate was a decreasing function of « (for a given 7;), and steady-state

environmental quality in the laissez-faire case decreased with « if o becomes too high.

Third, and most importantly, under the optimally chosen environmental policy by
short-lived governments, steady-state environmental quality is positively related to steady-
state output, as in the original model. Moreover, their relationship is described by the
same equation as in Proposition 1.3. However, steady-state output is influenced now by
a reduced labor supply rather than reduced savings due to voluntary contributions. More
precisely, we show in Supplementary Appendix 1.B that the steady-state capital stock is
an increasing function of «, implying that aggregate savings are higher in the long run
in the presence of voluntary contributions (i.e., when o > 0). At the same time, the
steady-state levels of output and environmental quality first decline and then increase
with «, both reaching their minimum at o = (1+9)(1 —v). Thus, if the strength of warm

glow remains sufficiently low, its negative effect on long-run environmental quality shown

20Equivalently, one can think of the alternative setting in this subsection as the one with endogenous
labor supply where individuals derive utility from leisure time, which is spent entirely on abatement
activities.
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in Section 1.4 remains robust to the alternative assumption that individuals voluntarily

contribute their time to environmental protection.?!

1.5.6 Long-Lived Government

Up to this point, we have assumed that the government is short-lived and cares only
about generations that are currently alive. But what if the government also cares about
generations that have not yet been born? In this case, the government can be considered
long-lived, and the government’s problem becomes to choose a sequence of pollution tax
rates that maximizes the welfare of current (young and old) generations as well as all
future generations. For the solution of this problem to be time-consistent, that is, for
the sequence of tax rates chosen in period 0 to continue to be optimal in any subsequent
period, one needs to define the objective function properly. Following the existing OLG
literature (see, e.g., De la Croix and Michel [15]), we assume that the government in

period t > 0 maximizes

6 o0
%U(dm E;) + Z dolulciys, Brys) + 0u(digssr, Brysi1)]
s=0

or, equivalently,

> 0
Z O¢ [U(CHS» Eiys) + %U(dww B, (1.36)
s=0

where d¢ € (0, 1) is the government’s discount factor, which may differ from the individual
discount factor ¢ and reflects how the government values different generations relative to
the current young. Note that this objective function is not a more general version of the
objective function (1.14) in the baseline model (even if u = 0/0¢). Therefore, they yield
different optimal policies. However, the equilibrium behavior of the economy for a given

policy remains unchanged.??

Although showing the convergence of the economy to a steady state would be consid-
erably more complicated with (1.36) than with (1.14), the steady state itself is still not
difficult to characterize. Once again, using the functional forms in (1.11), we obtain (see

Supplementary Appendix 1.B) that if the government maximizes (1.36), the steady-state

21Concerning the threshold for a, if o > (1+6)(1 —v), individuals would spend m; > (1—v)/(2—v) of
their unit of time on (unpaid) environmental protection and the remainder on (paid) work. For v = 1/3,
this implies that an individual working 40 hours per week, for example, would spend more than 26 hours
per week on recycling or environmental volunteering, which is unrealistically high. It is therefore unlikely
that the level of « exceeds the threshold.

22Note also that because the government decides on an intertemporal policy plan, it does not now take
future policy as given, contrary to the government in the baseline model.
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values of the capital stock K; and the environmental quality F; are given by
5(1 — V)[bE + (1 4+ vd2\b)(y — B)A(K**)"]
(1 + 8¢ Ab) (1 + av + §)

v _ SGADE + (1 = dv)(y — BA(K™)"]
1+ 0a\b

K** —

, (1.37)

E , (1.38)

where A := \/[1 — d¢(1 — b)]. It follows then that the signs of dK**/da and OE** /O are
the same as we had with (1.14), namely negative ones. The explanation for these negative
long-run effects is similar, too, and relies on the negative effect of the warm-glow strength
on the aggregate saving rate for a given policy and its negative effect on public abatement.
Hence, we conclude that the main results of this paper do not depend on whether the
government is short- or long-lived, or put differently, whether the government cares only

about the currently living generations or all generations, including those not yet born.

1.6 Conclusion

In the present paper, we develop a two-period OLG model with an environmental public
good — environmental quality — where individuals derive warm-glow utility from their
voluntary contributions to this public good while the government chooses environmental
policy. We are primarily interested in the role of these contributions in improving envi-
ronmental quality in the long run when they can also influence public policy. In the basic
version of the model, we abstract away from possibly different efficiencies between private
and public abatement efforts, the possibility that the government can subsidize voluntary
contributions or savings, and the possibility that individuals can contribute not only dur-
ing working age but also during retirement. We examine these extensions successively,
along with two alternative assumptions concerning the form of voluntary contributions
and the government’s planning horizon.

The main result of this paper can be summarized as follows. When public envi-
ronmental policy is endogenous, i.e., depends on private contributions to environmental
protection both directly and indirectly through the state of the economy, an increase in
individuals’ motivation to contribute privately (the strength of warm glow) will, in the
long run, lead to poorer environmental quality. This result remains robust in most exten-
sions, particularly if the government is more efficient in protecting the environment than
individuals. Furthermore, the result survives if voluntary contributions are concentrated
among the working population rather than retirees.

There are several directions in which future research might proceed. First, since we
model private environmental protection as individuals’ voluntary contributions to a pure

public good, it would be natural to allow for a situation where an environmental public
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good is impure (see Kotchen [27] and Kotchen and Moore [28]). This would require con-
sidering an economy with two sectors, clean and dirty, similar to that in Nakabayashi [33|
or Bezin [8]. Second, one could model abatement in a more sophisticated way than we
do in the current paper by allowing for two types of capital, productive and abatement
capital (see Xepapadeas [45]). Third, it would be interesting to consider a setting where
individuals derive utility from social approval for their voluntary contributions, as in Hol-
lander [18], rather than directly from contributions. Finally, following Jouvet et al. [24],
it is important to incorporate intergenerational altruism into the analysis, capturing the
trade-off between contributing to an environmental public good and transferring private
wealth to children.

1.A Appendix

To prove the results in the main text, we begin by examining a general model that
integrates all considered extensions of the basic model and then focus on several special

cases.

Consider the equilibrium for a given environmental policy as defined in Section 1.3
and replace conditions (1.1)-(1.2) with

e+ s+ (1 —07")ymi = wy,

derr + (1 =07 )miy = (L4 07,) Revase,
conditions (1.3)-(1.4) with
av'(mil) = (1 = 67" )uy(ce, Ey),
a’v'(miyy) = (1 = 0w (disr, Erya),
uy (¢, By) = 0(1 — 07 ) R (digr, Eyya ),
condition (1.5) with (1.21), and condition (1.10) with
g+ 07'my + 0 R K, = 1Yy = 1 f (Ky)

such that {0", 07 }:°, is given and m; is determined by (1.29). Applying (1.11), we obtain
that in this equilibrium, the following relationships hold for all £ > 0:

Oéth o CYOdt (1 — Tt)<1 — I/)AK;’ (1 — 9?)(1 — Tt)VAKf

y _ _ _
T M T T g 1+ a

)

Ct_1+ay+§(1+ao)7 t —
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along with
(l+a’)(1—7m)(1—v)AK/

L+ a¥+6(1+a°)

Kt+1 = St = (139)

and

Eiv1 = bE+(1=b)E — BAKY +~m(mi +m?) +7, [ AK, — 0" (m +m) — 07 (1 — 1 )v AKY].

Next, we generalize the social welfare function (1.14) as
pu(d, Er) 4+ u(er, Ey) + du(disr, Eerr) + ¢lpa®v(my) + o¥v(my) 4+ da’v(mi, )],

where ¢ € {0,1} is an indicator variable for whether the warm-glow utility of (currently
living) individuals is included. Then, applying (1.11) once again and using our equilibrium

conditions given above, we obtain that social welfare can be expressed as
w(l+ ¢a®)In(l —607) + [1 + ¢a? + (u + 6v)(1 + ¢pa?)| In(1 — 1)
— oo + pa®) In(1 — 07") + oA In By + O(Ky, Ey) (1.40)
+0[(1 + ¢a®) In(1 — 7y41) — ¢’ In(1 — 671,) + (1 + ¢a®) In(1 — 6, ,)],
where Fy, is given by
Ep1 =bE+ (1 =0)E; + [yy7 — v,0iv(1 — 1) — BJAK} + (1 — 1)

0 m =) [ o=v) am1-6)]
1—op 1+a¥+6(1+a°) 1+a° !

(1.41)

X | Ym +

and the function © includes all constant terms and terms involving K; and F;, which the
time-t government takes as given, along with the policy (741,67} ,,6;,,) determined by

the next-period government.

Case 1: &/ =, a° =0, v, =7 =7, and ;" = 0] =0 for t > 0

Using (1.39)-(1.41) and letting o = a, a® = 0, 3, = 7, = 7, and §;* = 6; = 0 for
all t > 0, we now prove the results from Section 1.4. Note that in this case, equations
(1.39) and (1.41) reduce to (1.12) and (1.13), respectively. As far the time-t government’s

problem is concerned, the tax rate 7, maximizing (1.40) for given 7,41, Ky, and E; solves

max (14 p+ov+ ¢a)In(l — 1) + A In Eyyq,

TtE[O,l)

29



Chapter 1

where E, 1 is given by (1.13). If we set ¢ = 0, this problem coincides with (1.15), leading

to Proposition 1.2. If ¢ is not necessarily 0, its interior solution is given by

VE + (1 =b)E; + (y — B)AKY

T=1-— (1 n —)[1 s ”)]AK”
v Ttptovtoo Ttate

which generalizes Proposition 1.2 to the case where the warm-glow utility is included
in the social welfare function. Substituting this expression for 7; into (1.12) and (1.13)

further yields
S(1—v)[bE+ (1 =b)E; + (v — B)AK!]
~(1+ 1+ av+0)

SAPE + (1 — b)E; + (v — B)AKY]
1+ g+ 6v + dpa + 0N

Kt+1 =

)

T (

Et+1 =

Then, it holds that for all t > 1,

P A1 - b)K, §(1 —v)[bE + (v — B)AKY]
Tt a0 T A1+ ) (Lt av +4)
B - M (14 av+0)K;

(1—=v)(1+p+ov+oa)

Provided that v > § is satisfied, dK;,1/dK; decreases with K; and goes to the value that
is less than 1 as K; goes to infinity. Thus, we conclude that for any given initial levels K|
and Fy, K; and E; converge to their steady-state values. To find these values, one needs
to solve the pair of equations above for K** = K; = K, and E** = F,;. By doing so, we

obtain

o SL=V)BE + (3 = HAKK™))

0+ =B+ av+0)

1+ g+ 0v + ¢a + b

Y

which proves Proposition 1.3 when ¢ = 0. The comparative statics of K** and E** with

respect to « are

8K**§O - V(1 + p+0v + o+ 0Ab) » GOND
oo = 1+av+0 <1+ p+ov+oa’
8E**SO o V(14 p+ 0v + pa+ dAb)
oo =~ l4+av+9
oMb 1—v bE

Z0

L+p+ov+oa v (y—BwAK™)"
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leading to equations (1.18) and (1.19) when ¢ = 0. When ¢ = 1, the last inequality
holds with “>" for any a > 0 as long as 0E**/OX > 0 holds. Indeed, taking the partial

derivative of E** with respect to A, we obtain

1—v bE

DE™ - SN .
v (v — BVA(K* )’

N P W

VIA

which proves that the inclusion of the warm-glow utility in the social welfare function
(i.e., » = 1) does not change the sign of JE** /0« if the sign of OE** /O is positive. This
relationship also proves (1.20) for ¢ = 0.

Case 2: o/ =a,a°=0,¢9=0,and 6" =0 =0 for t > 0

Now suppose that a¥ = a, a® =0, ¢ =0, and 0]" = 0; = 0 for all ¢ > 0, and show the
results from Subsection 1.5.1. Using (1.39)-(1.41) and proceeding as in the previous case,
we obtain that equation (1.12) still holds. Furthermore, the time-t government’s problem

remains as in (1.15), with F;,; being now given by

Yme(1 — 1) (1 — v)

E,.. =bE+(1—0b)E
i+ +( VBt l+a+é

Fom— B ARy, (142)

instead of (1.13). The interior solution to this problem is given by

| BB+ (1=D)F + (3, — HAKY

ma(l—v V’
(1+ 1+315V)[”79 - W1+&+6 )]AKt

T+ =

which proves Proposition 1.4. Applying this solution to (1.12) and (1.42) yields (1.22)
and (1.23), respectively. It follows then that for all ¢ > 1,

R 51— )BE + (3 — BAKY
LT T ov 4 6 (1+%)[79(1+a+6)—vma(l—l/)]’
o Ayl 0 +0) — a1 = VK,
t — )

(1—v)(1+ p+ov)

which, by the same argument leading to Proposition 1.3, proves Proposition 1.5.

Case 3: &Y =a, a°=0,¢p=0,and ¢ =0 for t > 0

Next, suppose that o = a, a® = 0, ¢ = 0, and 6 = 0 for all ¢ > 0, and show the
results from Subsection 1.5.2. Using (1.39)-(1.41) and proceeding as before, we obtain
that equation (1.12) still holds, while the time-t government’s problem becomes to choose

7, € [0,1) and 0" € [0, 1) that maximize the same objective as in (1.15), with E;,; being
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now given by

07 (vm —9) | @l = 7)(1 = v)
1—-0r l+a+0

E; :bE+(1—b)Et+H7m+ +7gn—5}AKt”.

We also impose an additional constraint

(1 +a+9)
al=m)(1-v)+7n(l+a+0d)

0" <

which is equivalent to 0"m; < 1, AK/ in equilibrium. Then, by

0f'm;  07a(l —7)(1 —v)
TtAK;/ - Tt(l — 9{”)(1 + (8 —|‘ 5)’

Ot =
the above problem can be conveniently expressed as

l+p+ov)In(l —7) +0AIn Eyyy,
epmax (L4t ov)In(l —7) n By
where E; 1 is given by (1.24). The discussion following equation (1.24) in Subsection 1.5.2

is thus true.

Case 4: &/ =a,a’°=0,¢9=0,and 6" =0 for t > 0

Suppose that oV = «a, a® =0, ¢ =0, and ;" = 0 for all t > 0, and show the results from
Subsection 1.5.3. Using (1.39)-(1.41) and proceeding as before, we obtain that equation
(1.12) still holds, while the time-t government’s problem becomes to choose 7y € [0,1) and
07 that maximize (1.25), with F;,; being given by (1.26). The interior solution to this

problem is given by

p(1 =)y (1 + a+6) — ymal

0; = —1,
t YoV (1+0v)(1 + a+9)

o (1+6v)[bE + (1 —b)E; + (v, — B)AKY]
! (14 p1+ 0v + 0X) (v — 22%5)(1 — v)AKY’

which proves Proposition 1.6. Applying this solution to (1.12) and (1.26) yields (1.27)
and (1.28), respectively. It follows then that for all ¢ > 1,

o A1 - b) K, §(1+6v)[bE + (v, — B)AKY]
T u+ v +0N (T4 p+ v+ N1+ a+06) — ymal’
A1+ +8) — ymal
Et = )

1+ 6v

which, by the same argument leading to Proposition 1.3, proves Proposition 1.7.
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Case 5: oV =, a’ = e, Y =7 =7, ¢ = 0, and 0" = 0] = 0 for
t>0

Finally, suppose that o¥ = a, a° = ea, Y =7, =7, ¢ =0, and 0] = 0] = 0 for all ¢ > 0,
and show the results from Subsection 1.5.4. Using (1.39)-(1.41) and proceeding as before,
we obtain that equation (1.39) becomes (1.30), while the time-t government’s problem
remains as in (1.15), with F;,; being now given by (1.31). The interior solution to this

problem is given by

bVE + (1 =b)E; + (v — B)AKY

A a(l-v) av v’
Y1+ 755 — ot — e AKG

thl—

which proves Proposition 1.6. Applying this solution to (1.30) and (1.31) yields (1.32)
and (1.33), respectively. It follows then that for all ¢ > 1,

K A1 — b K, 5(1 —V)[bE + (v — B)AKY]
- L+ p+ov 0 (1 + 1+ +5 T 01 =) + lzijol;é—i_ (q(i;rogl]j
B = MK 5(1_V)+1—1/+V5 v(l+ «) |

(1—v)(1+p+dv) 1+ ea (1+ca)?

which, by the same argument leading to Proposition 1.3, proves Proposition 1.9.

1.B  Supplementary Appendix

Analysis of the model with time contributions

Suppose that each individual born in period t chooses (my, ¢;, diy1) so as to maximize the

original lifetime utility function, i.e.,
u(cr, By) + av(my) + du(de, Eeta),

subject to the budget constraints (1.34) and (1.2). The first-order conditions of this
problem are given by (1.4) and

av'(my) = wul (¢, Ey).

The production side of the economy remains unchanged, while the labor market clear-
ing condition becomes L; = 1 — m; (instead of L, = 1), implying that k, = K;/(1 — my)
holds for every t.
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Taking into account the modified law of motion for environmental quality (1.35) and

applying (1.11), the equilibrium for a given policy is now characterized by

R
along with
Kooy = 51— 01 —7)(1 —v)Aky _ (1 —7)(1— y)Y;’
l+a+d 1+6
Evii = bE + (1— b)E, — BY; + [0‘(1 —172(51 -,y

where Y; = (1 — my)AkY = A(K,)"(1 — my)'™". Then, in the laissez-faire scenario (i.e.,
7, = 0 for all £ > 0), the steady-state values of the capital stock and environmental quality

are given by

L 146 [fAl-w)]T
K* = ,
l+a+6 140

Eﬁ:E+1[WﬂLﬂ0_ﬁ]Au+5)FAU—yqfa

bl 146 l+a+d6]| 1496

Note that K* depends on the warm-glow strength « negatively, whereas £* depends on

it positively.

Next, keeping the assumptions that the time-t government maximizes (1.14) and that
it correctly anticipates next-period’s values of all variables, including m, 1, but takes the
value of 73,1 as given, the time-t government’s problem can be expressed exactly as (1.15)

under the specifications in (1.11).2® This leads to the following interior solution:

I bE+(1—hE+ (- )Y,

B By(1+ 1+Z/J\rau)[1 - a(ltay)]n

Tt

Substituting this expression for 7; into the above expressions for K;,; and E;; yields

01— V)[bE + (1 —b)E, + (v — B)YY

v(1+ Hl‘iﬁ)[l +0—a(l —v)]

SABE + (1 BE, + (v — )Y
1+ p+dv+6A

Kt+1 =

)

Et+1 =

231n fact, one could also include the warm-glow utility in (1.14), without any effects on our results.
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Thus, in the steady state, where K;,; = K;, = K**, Fy.1 = E, = E*, and Y, =Y, =

Y** we have

oo _ U= )BE+ (= BV

T A L4 —a(l-v)]

SADE + (v — B)Y*]
14 1+ 6v + 0D

E** —

with

%k k3 \ UV ]'+6 e
YT = AT (m) -

Finally, we note that as long as v >  and 1 + 0 > «a(1 — v) hold, the partial derivatives
of K**, E** and Y™ with respect to a are such that

8[{**
Oa

> 0,
i.e., the capital stock and, hence, aggregate savings increase with the warm-glow strength
in the steady state, whereas

i.e., steady-state environmental quality and steady-state aggregate output first decrease

and then increase with the warm-glow strength.

Analysis of the model with a long-lived government

Suppose that the objective function of the government is given by equation (1.36). The
government’s problem is then to choose a sequence of tax rates {7:};°, that, given an

initial state (Ko, Fy), maximizes

- o
Z 5tG |:U(Ct, Et) -+ —U<dt, Et)
=0 Oc

subject to the equilibrium conditions (1.1)-(1.10) holding for every ¢ > 0. The solution

to this problem leads to the same equilibrium as if the government chooses the allocation
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my, ¢, dy, K1, Beq 192, so as to maximize the above objective subject to
+ +15t=0

fK) =c+di+my+ g0 + Ky,
Et+1 = bE + (1 — b)Et — Bf(Kt) + v(mt + gt),
av'(my) = ul (e, By,

uy (¢, By) Kiq = 0wy (digr, Bigr)diya,

where ¢, is given by
dy f(Ky)
F(K)K,

The optimal pollution tax rate in period ¢ then can be computed using

gt = f(K) —

dy
SUE) K

Tt = 1-—
Under (1.11), this latter problem simplifies to**

max Y 64 (In Ky + A In Eyryy)

{Kern,Be1}i20 5
subject to
By =bE+ (- BE, + (3 - ) ARy — 1
Denoting the Lagrange multiplier associated with the constraint by &;, we obtain the

following first-order conditions:

oL, V(14 av + d)ey .
= - — BYAK?

24Note that for the short-lived government, which takes the future tax rates as given, the analogous
problem would differ only in the objective function. This function would be written as

(1 +u+ (Sl/) In Kt-‘,—l + dA1n Et-‘,—l-
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1.B Supplementary Appendiz

In the steady state, where K;,; = K; = K* and E;,y = F;, = E*, we must have
£:0g = €141 and therefore

1 & [yd+av+9d) B ey 1
Jwx - 6tG 5(1 . y) V<’Y 6)A(K ) 5G )

(50)\ &t
B = 1= o1 =D)L

Taking into account the constraint, this leads to (1.37)-(1.38).
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Chapter 2

Climate Policy Under Political

Pressure!

2.1 Introduction

The protection of the environment is a high priority for many governments these days.
Being concerned about severe damages induced by climate change in the near future,
they are actively seeking to design policies that can reduce greenhouse gas emissions.
However, despite increased awareness and intensive discussions, the environmental policy
implemented by governments tends to be less ambitious than their promised policy and
far from sufficient to reach their long-term climate targets. According to the recent UNEP
report (UNEP [58]), with the currently implemented policies, half of the G20 countries,
including the United States, are unlikely to meet their original commitments under the
Paris Agreement.

Available evidence suggests that one of the factors playing a significant role in the
implementation of environmental policies is political pressure. Political pressure takes
different forms and may have different objectives. The last UN Climate Change Confer-
ence COP27 saw an unprecedented number of corporate lobbyists from the oil and gas
industry, who tried to prevent binding agreements on the ban of fossil fuel technologies.
Indeed, corporate lobbying has risen considerably over the past two decades and is now
the dominant force in political interest intermediation (Hanegraaf and Poletti [34]). To
protect their industries, lobby groups successfully exert pressure to reduce the stringency

of environmental regulations.? Furthermore, the behavior of policymakers is subject to

1 Joint work with Gerhard Sorger. The chapter has been published in the Journal of Environmental
Economics and Management.

2For example, Anger et al. [6] have shown, using data on energy taxes in Germany, that industries that
are more exposed to regulation and have more powerful lobbies face lower taxes. Similarly, based on US
data, Pacca et al. [48] have indicated that lobbying pressure from the polluting industries causes governors
to deviate from their own political preferences and allocate fewer resources to environmental preservation.
See also Damania et al. [19], Fredriksson and Svensson [26], and Fredriksson and Vollebergh [27], among
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2.1 Introduction

political pressure from the public. Governments nowadays face growing public concerns
over climate change and yet important climate policies are often opposed by the public.?
Taking the form of mass demonstrations (e.g., the Yellow Vests protests in France), such

opposition has to be addressed by governors if they want to maintain their legitimacy.

Motivated by these facts, we propose a theoretical framework where the government is
subject to political pressure when controlling emissions and investment in clean technol-
ogy. We interpret political pressure broadly to include interest groups or lobbies, but also
the power of the street and other possible means of influence. A key feature of our model
is that as a result of this pressure, the preferences of the government become dynamically

inconsistent.

Dynamic inconsistency is a particularly relevant and plausible characteristic of climate
policies because they involve a very long time horizon. Casual observations reveal many
instances where long-term climate policies were not implemented as initially planned but
were either modified or canceled altogether due to political influence of various sorts. Both
at the national and international levels, policymakers give in to political pressure by taking
the concerns of protesters and industry lobbyists into account, at least to a certain extent.
At the same time, governments continue to emphasize the importance of their long-run
goals such as effective limitation of global warming and future economic prosperity. But
when the future becomes the present, new political pressure makes governments bend

again and deviate from previously announced policies.*

Our paper relates to a large literature on environmental regulation and dynamic incon-
sistency. One of the most well-studied sources of dynamic inconsistency in this literature
is non-constant discounting. Starting with Cropper and Laibson [18], who discussed the
application of hyperbolic discounting to environmental projects, researchers have used
a non-constant discount rate to examine its role in incentive-based and command-and-
control environmental regulations (Heutel [40]), resource management (Hepburn et al.

[39]), and, most importantly, in climate change policy (Karp [44], Fujii and Karp [28§],

others, for empirical evidence on the negative dependence of the stringency of environmental policy on
corruption, which is usually considered to enhance the influence of lobby groups.

3See the work of Dechezlepretre et al. [20] who have conducted a survey covering twenty countries and
found that such policies as a carbon tax with cash transfers or a tax on fossil fuels/flying/cattle products
are opposed by a large number of people. For further evidence of people’s opposition to environmental
policies, see Salen and Kallbekken [55], Cherry et al. [14], and Douenne and Fabre [22].

4A good illustration of the situation described is climate policy in Australia. After the drought in the
early 2000s, the Australian government promised to implement an emissions trading scheme by 2010. In
2009, the implementation was postponed until after 2012. In 2010, however, the government announced
a new initiative, namely a carbon pricing scheme, which was implemented in 2011 but repealed already
in 2014. In replacement, the government introduced another climate policy that paid businesses and
communities to reduce their emissions. In 2015, Australia signed up for the Paris Agreement, and the
same year the government proposed a plan for integrating climate and energy policy, but it was not
realized. Following the bushfire season in 2019, the government announced that climate policy could
change again.
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Karp and Tsur [45]).° Another strand of this literature views dynamic inconsistency as
a problem arising from interactions between an environmental regulator and regulated
entities such as firms (Biglaiser et al. [11], Gersbach and Glazer [30], Abrego and Perroni
[1], Petrakis and Xepapadeas [51], Helm et al. [38], Acemoglu and Rafey [3|, Chiappinelli
and May [15]), consumers (Marsiliani and Renstrom [47]), or individual countries (Pich-
ler and Sorger [53]). It is also worth mentioning here the work of Ulph and Ulph [57],
where the source of dynamic inconsistency is uncertainty about environmental concerns of
the future government, and the works of Harstad [37] and Battaglini [9], where dynamic
inconsistency in environmental policy is generated by a stochastic rotation of political

power.

In the present paper, we consider an alternative source of dynamic inconsistency,
which relies on the presence of political pressure. Our approach is nevertheless sufficiently
flexible to capture the effects of non-constant (in particular, quasi-hyperbolic) discounting.
Indeed, our model implies that the pressure from myopic individuals on the government
has the same policy implications as the assumption that the government itself is present-
biased. Moreover, when slightly extended, our model can capture uncertainty about the
current government’s survival in power along the lines suggested in Harstad [37] and
Battaglini [9].

The only study we are aware of that deals with dynamic inconsistency in environ-
mental policy caused by the presence of lobbying or other political pressure is Kalkuhl et
al. [43]. Similar to our framework, the model of Kalkuhl et al. [43] assumes that lobbying
makes the government’s objective different from social welfare and more in line with the

6 However, their model cannot capture that the preferences

interests of lobby groups.
of the government evolve over time, nor can it distinguish between short- and long-run
effects of lobbying, in contrast to our model. In addition, whereas Kalkuhl et al. [43]
assume that lobbying power is exogenous throughout their analysis, our model also allows

for endogenous lobbying power (intensity).
Our analysis lends itself to both positive and normative interpretations.” On the one
hand, we assume that the government cannot commit to future policies, capturing the

realistic feature that the term of office of the incumbent government is limited. Yet, the

5As in our study, the analysis in all these papers abstracts from general equilibrium effects and employs
a simplified description of environmental processes. In Gerlagh and Liski [29], the socially optimal
climate policies are analyzed in a general-equilibrium growth model with quasi-hyperbolic discounting
and detailed climate dynamics. Iverson and Karp [42] consider an even more general setting allowing for
general discounting and general functional forms.

6As noted by Kalkuhl et al. [43], this assumption is justified by the result of the standard static
lobbying model proposed by Grossman and Helpman [31]. It says that the political equilibrium with
lobbying can be characterized as a solution to maximizing social welfare plus the utility of lobby groups
(with given weights between the two terms). A more direct application of the Grossman and Helpman [31]
model to environmental politics has been developed in Schopf and Voss [56] and Voss and Schopf [59],
where the authors examine a resource extraction problem.

"See Karp [44] for the same feature.
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government still cares about the policies implemented after leaving office, which can also
be a reasonable reflection of the actual preferences of climate policymakers. On the other
hand, we examine how the government optimally responds to various political pressures
when determining its policies to increase current and future social welfare. In this sense,
our analysis is normative, and it can serve as a basis for policy recommendations made
by an environmental agency for politicians when they face a specific type of pressure.

Examining several examples of political pressure in an economy with two energy sectors
(clean and dirty), we show that political pressure from the dirty energy lobby increases
the emission rate chosen by the government. Interestingly, the government chooses a
higher level of investment in clean technology, too, in an effort to counteract the increased
environmental damage. This policy leads to a rise in the steady-state amount of clean
energy produced and can even enhance the steady-state share of the total energy produced
by clean technology. However, it cannot prevent an increase in steady-state emissions due
to such pressure. The same positive long-run impact on clean energy production arises
when the government is subject to pressure for higher energy consumption. Moreover,
we show that this pressure, if strong enough, reduces the production of dirty energy
in the steady state and the steady-state stock of greenhouse gases. Furthermore, our
analysis demonstrates that facing pressure to increase investment in clean technology, the
government chooses a higher rate not only of investment but also of emissions. In fact,
this type of political pressure reinforces the effects of lobbying by the dirty energy sector,
except for the negative effect of the former on the long-run stock of greenhouse gases.

These results contribute to the literature on the influence of lobbying on environmental
regulation. Our contribution here is twofold. First, we offer a new rationale for why green
lobbying can make pollution regulation less stringent. Such a possibility has been shown
by Conconi [17] and Aidt [4], using static two-country models. In contrast to them, we
use a single-country setting and provide a dynamic argument. Second, to the best of our
knowledge, we are the first paper that examines the effect of lobbying on the regulation of
investments in clean technology.® We also contribute to the literature on the transition to
clean technologies (see, e.g., Acemoglu et al. [2| and Rozenberg et al. [54]) by arguing that
the energy mix can be shifted towards renewables in the long run due to political pressure
from the dirty sector or from members of the public who care only about immediate
consumption. The recent works of Grey [32| similarly shows that lobbying from polluting
firms can induce a switch to an economy with cleaner production. His reasoning, however,
focuses on the competition for market share between firms, while we highlight the role of
the dynamically inconsistent preferences of the government.

From a more policy-oriented perspective, our results are related to the approach to

climate policy suggested by Pahle et al. [49], according to which the government facing

8Note, though, that the question of how investment in clean technology or pollution abatement affects
lobbying has been addressed in the literature (see Fredriksson [25] and Grey [32]).
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political barriers should choose policies that lay the foundations for a shift to more efficient
policies in the future. Consistent with this line of reasoning, our model suggests that
the government facing political pressure that leads to higher emissions should promote
investment in clean technologies that allows future policymakers to rely less on polluting
ones for economic activity. To the extent that real-world governments are forward-looking
and respond optimally to political pressure, our model can thus explain why countries
with powerful business associations, such as the US, extend tax credits for renewable
energy instead of restricting fossil fuel industries (Downie [23]), or why countries with
strong social movements, such as France, build infrastructure for electric vehicles instead
of increasing fuel taxes (Haidar and Rojas [33]).

The rest of the paper is organized as follows. The next section presents our basic
framework and defines the optimal climate policy selected by the government under po-
litical pressure. In Section 2.3, we illustrate our approach by applying this framework to
several examples of political pressure. In Section 2.4, we further explore three extensions
of the basic model. The last section concludes the paper and outlines directions for future

research.

2.2 Model Formulation

The current section describes the basic model that we use to illustrate the implications
of political pressure for climate policy. We adopt the framework of Harstad [35, 36].
Whereas the focus of these papers is on the structure of climate agreements between
several countries, we want to highlight a new potential source of dynamic inconsistency
that would arise in every single state. We therefore restrict our attention to a single-

country version of Harstad’s model.”

2.2.1 Energy Production

Time is discrete and indexed by ¢ € {0,1,...}. In each period ¢, the economy produces
energy, which cannot be stored and hence is entirely consumed within that period. Energy
can be produced by two technologies: one that emits greenhouse gases as by-products and
one that does not cause greenhouse gas emissions. We will refer to the first technology
and energy produced by this technology as “dirty” and to the second technology and
energy produced by it as “clean”. One can think of dirty technology as being based on the
combustion of fossil fuels, while clean technology involves the conversion of solar, nuclear,

water, or wind power into electricity.

9Extending the model to a multi-country setting goes beyond the scope of this paper and is left for
future research.
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We assume that the relationship between emissions and energy generated by dirty
technology is linear and choose the units of measurement so that one unit of greenhouse
gases is emitted per unit of energy that is produced. The amount of energy produced by
dirty technology in period t is denoted by g;. The stock of greenhouse gases then evolves
according to

G =Gy + gy, (2.1)

where G; denotes the stock of greenhouse gases in the atmosphere at the beginning of

period t and 1 — v € (0, 1) is the rate of their natural decay.

It is assumed that the infrastructure for dirty technology is already in place, that it
does not depreciate over time, and that there is no investment in this infrastructure.!”
In contrast, clean energy production requires new investment (e.g., the construction of
windmills). The stock of technology for clean energy production that is available at the
beginning of period ¢ is denoted by R; and the investment in this stock during period ¢ is

denoted by r;. Consequently, it holds that
Rii1 = pRy + 14, (2.2)

where 1 — p € (0, 1) captures depreciation of the technology stock. For clean technology,
we also assume linearity. More specifically, one unit of energy can be produced per period
by each unit of clean technology. Thus, the total energy production in the economy in
period ¢ is equal to g; + R;. Both initial stocks Gy and R are exogenously given.
Alternatively, as pointed out by Harstad [35|, the variable R; can be interpreted as
the stock of abatement technology available in period t. According to this interpretation,
there is only one technology available for energy production, which allows the generation
of y; units of energy with g, = y, — R, units of emissions. We shall therefore occasionally

refer to the technology for clean energy production as the abatement technology.

2.2.2 Social Welfare

Social welfare in period ¢ depends positively on energy consumption g; + R; and negatively
on the investment rate r; and the greenhouse gas concentration G;. Following Harstad |35,
36] and subsequent papers such as Pichler and Sorger [53], we use an additively separable

welfare function of the form

u(g, + Ry, 11, Gy) = B(gi + Ry) — K(r;) — D(G,), (2.3)

10This assumption is also made in Harstad [35, 36] and in the literature building on these papers, but
it is not innocuous. Kollenbach [46], for example, has introduced a “black capacity” necessary to extract
and burn fossil fuels in the related setting of Battaglini and Harstad [10] and has shown that this affects
some of the results. For the sake of analytical tractability, however, we stick to the simpler setting of
Harstad [35, 36] in the present paper.
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where B is a concave benefit function and K and D are convex cost functions. Total

welfare from period ¢ onwards is the discounted sum of per-period welfare, i.e.,

+oo

u(gr + R, e, Gy) + Z 3°u(Grys + Rivs, rits, Girs), (2.4)

s=1

where § € (0,1) is the time-preference factor applied by the government.!!

Under the assumptions made so far, the government would maximize (2.4) subject to
the state equations (2.1) and (2.2). Since the discount rate is constant, the preferences
represented by (2.4) are dynamically consistent and the government solves a stationary
discounted dynamic programming problem. Its solution can be conveniently described by
means of policy functions, that is, in the form g, = ¢(Gy, R;) and r; = ¥(Gy, R;). In the
next subsection, we shall introduce a key element of our model, namely political pressure,

that makes the government’s preferences dynamically inconsistent.

2.2.3 Political Pressure

As argued in the Introduction, climate policymakers give in to political pressure today
(at least to some extent) while promising stringent rules and measures for the future. We
take this observation as an indication of dynamically inconsistent behavior and model it
by assuming that in period ¢, the government chooses the control sequence (s, re1s)i"5

so as to maximize

+o0o
v(ge, 1, G, Ry) + Z *U(Grrs + Riys, Tegs, Girs), (2.5)
s=1
where
v(g,r,G,R) = u(g + R,7,G) + pw(g,r,G, R). (2.6)

Here, the function w reflects the preferences of various interest groups (protesters, indus-
try lobbyists, etc.) and p > 0 measures how effective these groups are in aligning the
government’s preferences with their own ones. In other words, the difference between the
instantaneous welfare function u and its biased version v reflects the influence of interest
groups on the government.!? Note that the preferences of interest groups are myopic.

This reflects the real-world situation in which political pressure is typically exerted with

1Tn fact, there is a small difference between our model formulation and the one used by Harstad [35, 36].
Harstad also postulates a welfare function of the form u(g; + R, ¢, G¢) but, instead of equations (2.1) and
(2.2), assumes Gy = vGy—1+ g and Ry = pR;_1 + 1. This means, in particular, that in Harstad’s model,
investment decisions affect clean energy production immediately, i.e., during the period of investment.
Which timing assumption is more realistic depends on the period length and the time needed to construct
new infrastructure. See Eichner and Kollenbach [24] for a discussion of time lags of emissions and real-
world clean investments.

2In our basic model, we consider only a single interest group and assume that its influence is exogenous
and constant over time. Later in Section 2.4, we allow for a state-dependent (and hence time-varying)
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certain short-term objectives (to block a particular policy reform, for instance), even if
interest groups may be long-lived. Furthermore, this is equivalent to assuming that the
future actions of the government are not taken into account by interest groups because

they know that the government cannot commit to those actions, as we specify below.!3

The presence of political pressure makes the government’s preferences non-stationary,
i.e., dynamically inconsistent. In period ¢, the government evaluates its actions in period
t + s according to the welfare function u(g;ys + Rits, Ti4s, Gits), but when period ¢ 4 s
arrives, it evaluates these actions according to v(giis, Te+s, Gits, Rivrs). That said, the
government’s time preferences are stationary since they are represented by the constant
discount factor §. It is also worth stressing that though the government may anticipate
that the interest groups will exert pressure in future periods, its period-t preferences
described by (2.5) are independent of future pressure. One natural interpretation of this
assumption is that the term of office of the incumbent government is limited and, for the
time after their tenure, its members care only about social welfare as they are no longer
the target of political pressure. Thus, the government in our model is purely benevolent

to future generations, while it has biased preferences over the current period.*

Because the preferences of the government exhibit dynamic inconsistency, one has to
be precise about (i) whether it can commit to its future actions and (ii) how it behaves in
case such commitment is not possible. Throughout, we assume that there is no commit-
ment and we follow the so-called “sophisticated approach” in modeling behavior without
commitment. This approach goes back to the work of Phelps and Pollak [52] and Peleg
and Yaari [50] and envisions the decision maker as a collection of different “selves”, one for
each period, who play a dynamic intrapersonal game. Every self uses a stationary Markov
strategy by choosing its actions depending on the current state of the economy only and
correctly anticipates its descendants to act according to their own (biased) preferences.
The current self of the government takes its future incarnations’ strategies as given and
chooses its actions by best-responding to those strategies. Formally, the solution to the

government’s problem is defined as follows.

Definition 2.1. A pair of policy functions (¢, ) is a solution to the government’s problem
if there exists a continuation value function U such that for every state (G, R), it holds
that

(¢(G, R),¥(G, R)) = argmax v(g,r,G, R) + 6U(vG + g, pR + 1) (2.7)

(g:7)

intensity of pressure and treat it as a decision variable of the interest group. We will also consider the
case of multiple interest groups.
13Tn the environmental context, the assumption of a myopic lobby can be also found in Barbier [7].
14Tn Subsection 2.4.2, we drop this assumption and allow for possible bias in the government’s prefer-
ences over future periods as well.
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and
U(G,R) =u(¢(G, R) + R, (G, R),G) + 0U(vG + ¢(G, R), pR + ¥(G, R)). (2.8)

Condition (2.7) states that the current (self of the) government chooses emissions
g = ¢(G, R) and investment r = (G, R) optimally under the assumption that welfare
from the next period onwards is given by the continuation value function U. Condition
(2.8), on the other hand, ensures that the continuation value function U is consistent with
the correctly anticipated optimal strategies ¢ and 1.

For the interpretation of the results in the following sections, it will be helpful to keep in
mind that the first-best solution of the model arises as a special case of Definition 2.1 when
p equals 0, i.e., when the lobby does not exert any pressure. In this case, the government’s
preferences are dynamically consistent, and the government’s problem coincides with the

maximization of social welfare.

2.3 Specific Examples

In this section, we provide explicit examples of political pressure and investigate its conse-
quences for government policy and the evolution of the economy. For the sake of analytical
tractability, we restrict our analysis to the same linear-quadratic specification as that used
by Harstad [36] and Pichler and Sorger [53]:

B(g+ R) = —%(g +R—1%)* K(r)=kr, D(G) = gGQ. (2.9)

Here, g is a bliss point for total energy consumption, & is the unit cost of investment in
clean technology, and d is the slope of the marginal environmental damage curve.

Both choice variables of the government, g and r, must be non-negative. However, we
will ignore these constraints as they would complicate the analysis considerably without
providing additional insights. Instead, we interpret the linear-quadratic environment un-
der consideration as a second-order approximation around the steady state of the model
and assume that the initial stocks Gy and Ry are sufficiently close to the steady-state val-
ues. In that case, all variables g, r, G, and R remain non-negative even without explicitly
restricting them.

The linear-quadratic structure of the examples discussed in the remainder of the paper

allows us to focus on linear policy functions of the form
?(G,R) = ¢ + ¢cG + ¢rR and (G, R) =g + G + YrR, (2.10)

where ¢g, ¢, Or, Vo, ¥Va, and Yg are real numbers.
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2.3.1 Traditional Energy Lobby

We start with the case in which political pressure is exerted by the traditional energy
sector. The traditional energy sector cares about the amount of energy generated by dirty
technology and so we assume w(g,r, G, R) = ¢g. The following proposition summarizes

our findings for this scenario.!®

Proposition 2.1. Suppose that w(g,r, G, R) = g holds.

(a) There exists a solution to the government’s problem in which the policy functions are

given by
_g—l-p—'yk(l—ép)_védG_ R
oG, R) = 1+4dd 1+8d 1+6d (2.11)
- 1-=9p 1—dy 2
G R) =g = —5— {1+ —— | k+7°G = pR+79(G, R). (2.12)

(b) In this solution, the stock of greenhouse gases and the stock of clean technology reach
their steady-state values G* and R*, respectively, after two periods. These steady-state

values are given by

. (1=06p)(A =k p
G = 52d + T+ od’ (2.13)
R ' =y+p—vk(l—-19p) — (1 —~+0d)G". (2.14)

As mentioned before, the policy functions in (2.11)-(2.12) take the linear form stated
in (2.10). In the situation described by Proposition 2.1, the response coefficients ¢g, ¢,
and ¢g can be read off directly from (2.11), while 1, 1, and ¥ are given by

1—-9¢
wozy——p(u

J

L=07Y,  2g+p—kQ = dp)]
od 1+ 4dd ’

,.}/2

1+dd’

~
1+ 6d

Yo = and Yp=—p—

One can see that ¢g, ¢gr, and g are negative, whereas 1) is positive. This means that
the optimal level of greenhouse gas emissions decreases both with respect to the current
stock of greenhouse gases G and the current stock of clean technology R. As for the
optimal investment rate, it increases with the stock of greenhouse gases but decreases
with respect to installed clean capital. The negative feedback of the two stock variables
G and R on their own input rates g and r, respectively, reflects an inherent stability
of the equilibrium dynamics, which is common in linear-quadratic systems of the sort
considered here. The negative influence of R on the emission rate g indicates that a

higher stock of clean technology allows the government to rely less on dirty technology for

15 All proofs can be found in Appendix 2.A.
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energy production, implying a reduction of emissions. An alternative interpretation for
¢r < 0 is that investment in clean technology serves as a commitment device for future
emission reductions. On the other hand, the positive effect of G on the investment rate
r demonstrates that a higher concentration of greenhouse gases in the atmosphere urges

the government to accelerate the transition to clean energy production.

Next, we note that none of the coefficients ¢q, ¢r, ¥, and g depends on the intensity
of political pressure p. The sensitivity of the optimal policy to changes in the two state
variables is thus not affected at all by the activity of the lobby. In contrast, the coefficients
¢o and 7y do depend on p and this dependence is positive. Not surprisingly, the more
pressure the lobby of the traditional energy sector exerts, the higher the rate of emissions
chosen by the government for any given state (G, R). However, since the government is
forward-looking and correctly foresees that higher current emissions will lead to a perma-
nently higher stock of greenhouse gases, it finds it optimal to compensate for the higher
emission rate with increased investment in clean technology. Such an investment will
help to cut down on emissions in the future and reduce long-run environmental damage.
Consistent with this explanation, equation (2.12) shows that ¢(G, R) is independent of
p in the boundary case v = 0, which corresponds to the full decay of greenhouse gases
in the atmosphere within one period. To summarize, investment in clean energy can be
seen as a government’s effort to substitute for the natural decay of greenhouse gases or
to abate future emissions, as was already pointed out in Subsection 2.2.1, and traditional

energy lobbying encourages that effort.

Concerning the dynamics of the economy, we find that as in Harstad [36], the steady
state is reached after two periods, which is due to the linearity of the investment cost
function. Furthermore, one can obtain directly from equations (2.13)-(2.14) that the
steady-state values G* and R* increase with p:!

oG* OR*
>

d
ap >0 an o

Hence, both dirty energy generation and clean energy generation are higher in the long
run under lobbying by the traditional energy sector. It is interesting to ask then whether
this lobbying increases or decreases the steady-state share of clean energy in total energy
production or, more formally, whether the value of R*/[(1 — v)G* + R*] increases or

decreases with p. We have

0 R* - < 1—94dp 1 — oy
g >0 < 1 k.
ap {(1—7)G*+R*] S ( T

16Since the steady-state values of emission and investment rates are proportional to G* and R*, re-
spectively, the signs of the effects of p on the steady-state controls are identical to those on G* and
R*.
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Because we can view an increase in R*/[(1 — v)G* + R*] as the long-run shift in the
energy mix from fossil fuels to renewables and 7 as the target for total energy production,
we conclude that political pressure from the dirty sector shifts the energy mix towards

renewable sources in the long run if the overall production target is not very high.

2.3.2 Quasi-Hyperbolic Discounting

Next, we examine the case of quasi-hyperbolic discounting, which is nested in our model
and arises when the utility function of the lobby coincides with the instantaneous social
welfare function, that is, if w(g,r,G,R) = u(g + R,r,G) holds.!” This situation can
be interpreted as one where part of the population does not care about the future (i.e.,
they exhibit complete myopia) and the government faces pressure from that group for
higher welfare in the current period. The government’s preferences are then given by the
objective function (1 + p)u(g + R,r,G) + éU(vG + g, pR + r) or, equivalently,

u(lg+ R,r,G) + BSU(vG + g,pR+ 1)

with 8 = 1/(1+ p) < 1. Obviously, this corresponds to the familiar 8-§ model of quasi-
hyperbolic discounting. As a result, political pressure from myopic individuals on the
government with a constant discount factor has the same implications as the assumption
that the government itself is present-biased. These implications can be drawn from the

following proposition.

Proposition 2.2. Suppose that w(g,r,G, R) = u(g + R,r,G) holds.

(a) There exists a solution to the government’s problem in which the policy functions are

given by

(L+p)y —vk(1+p—dp) V6dG (I+p)R
_ _ _ 2.1
oG, R) 1+p+dd l1+p+dd 1+p+dd (2.15)

1-9 1—9

w(G,R>=y—T”(1+ M”)kwa—pmww,m

(2.16)
Cpk 1 14dd+p[l+(y+p)
§ |dd (1+p)?+dd

(b) In this solution, the stock of greenhouse gases and the stock of clean technology reach

their steady-state values G* and R*, respectively, after two periods. These steady-state

TThere is a substantial body of literature on dynamic inconsistencies in the context of climate policy,
which are caused by hyperbolic discounting. For a brief discussion of selected contributions to this strand
of the literature, we refer the reader to the Introduction.
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values are given by

. l+p—346(v+p) pod k
= _— — 2.1
“ { 52 T prred T (217)
op od
R =9y — 1———k—|(1- — ) G*. 2.18
Y 7( 1+p> ( 7+1+p) (2.18)

Whereas in the situation of the traditional energy lobby studied in the previous sub-
section, the coefficients ¢q, ¢r, Yg, and Y were independent of the intensity of political
pressure p, this is no longer the case in the present situation. In particular, the absolute

value of the response coefficient

~vdd

¢G:_1—|—p+(5d

is decreasing with respect to p, while the opposite is true for the absolute values of

L+p (1 +p)

_ 7(1+p)
- 7wG_
1+p+dd 1+p+dd

Or = C14p+dd

, YrR=—p
This means that higher political pressure from myopic individuals makes the government’s
emission policy less sensitive to changes in the stock of greenhouse gases and more sensitive
to changes in the clean technology stock. The investment policy, on the other hand,
becomes more sensitive to changes in both state variables. All of these results can be
interpreted simply as a consequence of a decrease in the government’s time-preference
factor from § to /(1 + p) = B6.

To assess how changes in the lobbying intensity p affect the emission and investment
rates given by (2.15)-(2.16), we first note that

0p(G, R)  6[d(y — vk + G — R) — ypk]
ap (14 p+ 0d)2 '

The sign of this derivative depends on the state variables G and R. Since we treat
our linear-quadratic model as a second-order approximation around its steady state, we
evaluate the above expression at (G*, R*) given by (2.17)-(2.18). It follows that near the
steady state, the emission rate depends positively on p if and only if p > §(y + p) — 1.
Realistically, the parameters v, p, and ¢ are smaller than but close to 1 so that the right-
hand side of the inequality is likely to be positive. Thus, the rate of emissions should
first decrease and then increase with p. Proceeding analogously, one can also show that
the partial derivative 0¢)(G, R)/0p is negative provided that (G, R) is sufficiently close to
(G*, R*) and p is sufficiently close to 0. This implies that an increase in political pressure
(from a sufficiently low initial level) exerted by myopic individuals reduces the rate of

investment in clean technology, which is consistent with the intuition about a present-
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biased government that undervalues future environmental damage and therefore invests
less in clean energy.'®
Let us now turn to the effects of political pressure on the steady-state values G* and
R*. Equations (2.17) and (2.18) imply that (see Appendix 2.A)
oG* OR*

>0, — <0 if p<V1+dd (2.19)
Ip dp

Consequently, at least when the government does not attach a very high weight to the util-
ity of the interest group, the pressure from myopic individuals results in a higher steady-
state stock of emissions and a lower steady-state stock of clean technology.'® These find-
ings naturally arise from the above result that the government subject to political pressure
invests less in clean technology, thereby contributing to a higher long-run accumulation

of greenhouse gases in the atmosphere.

2.3.3 Pressure for Immediate Consumption

In the previous subsection, we analyzed the case where the government is influenced by
individuals who are myopic and so disregard future environmental damage, but who cor-
rectly evaluate the current costs of investment in clean energy production. Following the
existing literature, one can further assume that individuals do not take those costs into
account and care only about immediate energy consumption. Douenne and Fabre [22]
have shown that people overestimate their losses from higher energy prices, which leads
to carbon tax aversion, and those beliefs are persistent. In our paper, we do not model
energy prices explicitly. However, since an increase in energy production should, in prin-
ciple, reduce energy prices, one could interpret public pressure for energy consumption
(equal to production) as pressure for energy affordability. The social costs of clean energy
investments are likely to be much less salient to individuals because they may be unaware
of them or may support additional public spending in general, even paying higher income
taxes (Bremer and Biirgisser [12]). Using the terminology of behavioral economics (see,
e.g., DellaVigna [21] and Allcott et al. [5]), we can say that energy consumption repre-
sents a visible or salient component of public pressure, while investment costs represent
a (completely) opaque component. The results for this scenario are provided in the next

proposition.

181t is noteworthy that equation (2.16) is identical to (2.12), except for an additional negative term
given by the second line of (2.16). From this, one can deduce that if the emission channel for clean
investments identified in the previous subsection is absent (which would be the case for v = 0), the
investment rate is always lower with quasi-hyperbolic discounting.

YFrom (2.19) and the fact that the sign of [R*/((1 — v)G* + R*)]/0p is the same as that of [G* x
OR*/(0p) — R* x 0G*/(0p)], we also know that the steady-state share of the total amount of energy that
is produced by clean technology decreases in the presence of the pressure.
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Proposition 2.3. Suppose that w(g,r,G, R) = B(g + R) holds.

(a) There exists a solution to the government’s problem in which the policy functions are

given by
(1 +p)y — k(1 —dp) 76dG (I+p)R
_ _ — 2.2
oG, R) 1+p+0dd l+p+dd 1+p+dd (2.20)
o 1=dp 1 — 0y P’ >
V(G R) = — |1+ 53 <1+p)2+5dk+ya pR+v¢(G, R). (2.21)

(b) In this solution, the stock of greenhouse gases and the stock of clean technology reach
their steady-state values G* and R*, respectively, after two periods. These steady-state

values are given by

. (=) (1+pk [ 1+p+dd &y
¢ = 52d (1+p32?+dd 1+4p]’ (2:22)
RR=g—1 " _ (1— — )G 2.23
y s 7+1+p (2.23)

Comparing (2.20) with (2.15) and (2.21) with (2.16), we see that the response coeffi-
cients ¢g, ¢r, Vq, and Y are identical in Propositions 2.2 and 2.3. Only the constant
terms ¢y and 1)y differ in the two scenarios. Indeed, both ¢ and 1y are higher in the
situation studied in the present subsection than in the case of quasi-hyperbolic discount-
ing. This implies, of course, that for all given values of G and R, both the emission and
investment rates are higher if investment costs are ignored by the interest group and are

therefore not distorted from the government’s perspective.

Furthermore, compared to the quasi-hyperbolic discounting case, the present case
is characterized by different comparative statics of the steady state with respect to p.

Specifically, we have

> = \V1+6d ——
20 & ps + od; > 0,

that is, the increased importance given to energy consumption in the current period
leads to a higher stock of clean technology in the steady state. On the other hand,
the dependence of the steady-state stock of greenhouse gases on p has an inverted U-
shape with a peak at v/1 + dd. The latter relationship is quite remarkable as it suggests
that the pressure to increase immediate energy consumption, which is usually considered
detrimental to the environment in the long run, may in fact be beneficial to it provided
that the pressure is strong enough. The intuition behind this result is as follows. Political
pressure for higher immediate energy consumption encourages the production of energy
by dirty technology because it does not require building new infrastructure, but, at the
same time, encourages investment in clean technology because the government is aware

that future energy production will be subject to the same pressure. Then, if the pressure
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is sufficiently high, the government invests so much in the production of clean energy that
the stock of greenhouse gases starts to decline in the long run. Note that together with
this decline, the steady-state share of dirty energy in the total amount of energy produced
also decreases, demonstrating that the pressure for immediate consumption (when strong)

causes a long-run shift in the energy mix towards renewables.

2.4 Extensions

Introducing the model in Section 2.2, we made several assumptions to focus on the simplest
description of political pressure as a source of the dynamically inconsistent preferences
of the government. In this section, we illustrate how some of them can be relaxed. In
particular, we deal with versions of the model in which the strength of political pressure
is determined endogenously and in which political pressure distorts not only the gov-
ernment’s current but also future utility. In addition, we examine the case of multiple

(potentially competing) interest groups.

2.4.1 Endogenous Pressure

So far, we have modeled the weight given by the government to the concerns of the interest
group as an exogenous parameter p. This weight, however, is likely to depend on the effort
exerted by the interest group. For example, industries can decide on how many lobbyists
to employ and whether to gain more access to policymakers.?’ Similarly, protesters can
choose between less costly activities that do not attract much public attention and more
elaborate ones that require a big team and special equipment but have a higher potential
for policy change. In this subsection, we therefore treat p as a choice variable of the
interest group and assume that more intensive pressure involves higher costs.

The biased welfare function applied by the government in period ¢ can be written as
v(pt; 96,7, G, Re) = u(ge + Ry, 1o, Gi) + prw(ge, re, G, By),
where p; is the pressure exerted by the interest group in period ¢. As before, the govern-

ment in period t seeks to maximize the (biased) total intertemporal welfare:

“+oo

U(Z?t, 9,7, Gy, Rt) + Z 5su(gt+s + Riys, Teys, Gt+s)-

s=1

The interest group is assumed to maximize its own utility minus the cost of exerting

pressure. Denoting this cost by C(p;), we can define the interest group’s objective in

20See Holyoke [41] and Coen and Richardson [16] for an in-depth description of lobbying activities in
the US and the EU.
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period t as w(g, 14, G, Ry) — C(pt). The interest group can only benefit from exerting
pressure if the government responds. An equilibrium concept that captures this feature
must therefore be a hierarchical one such that the interest group moves first and the
government moves second. Since we have assumed the interest group to be myopic, and
since the government is split into multiple selves due to its dynamic inconsistency problem,
the hierarchical game is played separately in every period. More precisely, in every period,
the interest group and the current self of the government play a Stackelberg game where
first the interest group determines the intensity of its political pressure and then the
government determines emission and investment rates. Both players correctly anticipate
the equilibrium strategies of all future selves of the government.?!

To describe the situation under consideration formally, we employ the stagewise Stack-
elberg equilibrium concept (see, e.g., Basar and Olsder [8, p. 140]). For better readability,
we split the equilibrium definition into three parts. We start by specifying what we mean

by a stage game.

Definition 2.2.1. Let a state (G, R) and a continuation value function U be given. The

subgame or stage game I'(G, R,U) is defined by the government’s objective function
v(p,g,7,G,R) +0U(vG + g, pR+ 1)
and the interest group’s objective function
w(g,r,G, R) — C(p).

In this stage game, the interest group chooses p, while the government chooses (g,7).
The Stackelberg equilibrium of the stage game can be further defined as follows.

Definition 2.2.2. Let a state (G, R) and a continuation value function U be given and
consider the stage game I'(G, R,U). The best response of the government to the interest

group’s action p is

(BRY[p], BR"[p]) = argmax v(p, g,7, G, R) + 6U (G + g,pR + ).
(g,r)

A triple of actions (p,g,r) is a Stackelberg equilibrium of the stage game T'(G, R,U) if
(g,7) = (BR?[p], BR"[p]) and if for all feasible actions p of the lobby, it holds that

w(BRg[p], BRr[p]’ G7 R) - C(p) > w(BRg[ﬁL BR" [ﬁ]’ G7 R) - C(ﬁ)

21Yet, it is worth emphasizing that the interest group in period t tries to influence only the actions of
the government’s self that is in charge in that period.
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That is, in an equilibrium of the stage game, the current self of the government chooses
its best response to the interest group’s pressure p. The interest group takes the best-
response functions as given and chooses p so as to maximize its objective. We are now
ready to define the stagewise Stackelberg equilibrium of the full dynamic game. We
continue to denote the Markov strategies of the government determining emissions and
investment by ¢ and 1, respectively. As for the interest group, we denote its strategy to

determine the intensity of pressure by p.

Definition 2.2.3. A triple of stationary Markov strategies (p, ¢,1) is a stagewise Stack-
elberg equilibrium if there exists a continuation value function U such that for every state
(G, R), the equation

U(G,R) =u(¢(G,R) + R,Y(G,R),G) + U (G + ¢(G, R), pR+ (G, R)) (2.24)

holds and the triple (u(G, R), (G, R),¥(G, R)) is a Stackelberg equilibrium of the stage
game I'(G, R, U).

With equation (2.24), we again impose consistency of the continuation value function
with the equilibrium strategies.?? This time, however, the strategies describe not merely
the optimal behavior of the multiple selves of the government (given U), but also the
hierarchical interaction between the government and the interest group (given U) at every
stage of the game.

We illustrate the above definition using the example from Subsection 2.3.1. Recall that
this was the case of a traditional energy lobby with the utility function w(g,r, G, R) = g.
We maintain the linear-quadratic specification (2.9) and augment it with the quadratic

cost function C'(p) = (¢/2)p*. Under these assumptions, one obtains the following result.

Proposition 2.4. There exists a stagewise Stackelberg equilibrium in which the lobby’s

strateqy is given by
1

" c(1+0d)

The emission and investment strategies of the government and the steady-state stocks of

w(G,R)=p: (2.25)

greenhouse gases and clean technology are as described in Proposition 2.1 with p = p.

Proposition 2.4 shows that the optimal intensity of political pressure by the traditional
energy lobby is independent of the states so that the economy behaves as if the pressure
was exogenous. The result can be understood by noting that in the case of exogenous
pressure, the latter does not affect how the production of dirty energy reacts to the state

of the economy.?> As a consequence, even if the pressure is endogenous, its marginal

% Note that (2.24) is formally identical to (2.8) in Definition 2.1.
23This property is reflected by the fact that the coefficients ¢, ¢r, ¥a, and i in Proposition 2.1 do
not depend on p.
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benefit for the lobby is independent of the state too. By equating this marginal benefit to
the marginal cost, the lobby thus exerts pressure with the same intensity for all G and R.
In line with our expectations, the intensity decreases in the slope of the cost function and
goes to zero as ¢ goes to infinity. In addition, the pressure depends on the slope of the
marginal environmental damage curve and the discount factor of the government. The
larger 0 or d, the less willing the government is to increase dirty energy production, and

the less intensive the lobby’s pressure.

2.4.2 Future Pressure

In this subsection, we allow for the possibility that the current government may care about
future political pressure. Specifically, we consider the setting where instead of (2.5), the

government in period ¢ maximizes

+oo
U(gt, e, G, Rt) + Z 55@(9t+sa Tivs, Giys, Rt+s)> (2-26)
s=1
with
0(g,m,G,R) =u(g+ R,7,G) + apw(g,r,G, R). (2.27)

Here, we introduce a new parameter « € [0, 1] to capture the degree to which future po-
litical pressure matters for the current government. The extreme case o = 0 corresponds
to our original model where the current government does not care about future pressure,
while the case o = 1 corresponds to the situation where it cares about current and future
pressure equally (i.e., the function ¢ coincides with v). Following the interpretation given
earlier in Subsection 2.2.3, we can interpret « as the probability of extending the incum-
bent government’s term of office, and we suppose that the preferences of the incumbent

government depend on political pressure it will face in future periods of its tenure.

With the government’s period-t preferences described by (2.26), the definition of the

solution to the government’s problem is modified to

Definition 2.3. A pair of policy functions (¢,1) is a solution to the government’s problem
if there exists a continuation value function U such that for every state (G, R), it holds
that

(¢(G, R),¥(G, R)) = argmax v(g,r,G, R) + 0U(vG + g, pR + ) (2.28)

(g:7)

and

U(G, R) = 9(6(G, R),%(G, R), G, R) + U(vG + ¢(G, R), pR + ¥(G, R)).  (2.29)
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Note that the only difference between this definition and Definition 2.1 is that the
former requires that the continuation value function takes into account the bias in the

government’s preferences due to political pressure.

Similar to the previous subsection, we illustrate our results with the example of a dirty

energy lobby considered in Subsection 2.3.1. We obtain:

Proposition 2.5. Suppose that w(g,r, G, R) = g holds.

(a) There exists a solution to the government’s problem in which the policy functions are

given by
_y+p(l—ady) —qk(l-0dp) 4vdG R
oG, R) = 1+4d 1+8d 1+6d (2:30)
1-0 1-6 1-9
(G, R) =7 — (deocp— 5p(1+ M”)kﬂ?G—pRﬂqb(G,R). (2.31)

(b) In this solution, the stock of greenhouse gases and the stock of clean technology reach
their steady-state values G* and R*, respectively, after two periods. These steady-state

values are given by

o= =009k p [HO‘(lng—‘W)}’ (2.32)

52d 1+4d
R =g+ p(l —ady) —yk(1 = dp) — (1 — v+ dd)G". (2.33)

We see from Proposition 2.5 that the positive effect of the pressure intensity p on the
emission rate ¢(G, R) found in Subsection 2.3.1 still holds for any given state (G, R) and
any degree of the government’s concerns for future pressure a. Its positive effect on the
investment rate (G, R), also found in Subsection 2.3.1, can fail to hold, however. One
can easily check that ¥(G, R) decreases with p for all G and R if and only if

~vdd

A+ At od) (1 —0y) (2.34)

where the right-hand side is always smaller than 1. We have then that the effect of dirty
energy lobbying on the investment rate is positive for &« = 0 and negative for a = 1, which
highlights the importance of dynamic inconsistency in the preferences of the government.
Indeed, the preferences do not exhibit dynamic inconsistency only when o = 1. In this
case, accounting for the interests of the dirty energy sector in the current and future
periods, the government chooses a lower investment rate because a higher investment rate

applied today would reduce the dirty energy lobby’s utility in the next period.
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Consistent with these results, the intensity of political pressure p has the following

long-run effects on the stocks of greenhouse gases and clean technology:

0G* OR*

) < vod
o > 0; ap

> d(07)> + (1= +0d)(1 — 67)’

(2.35)

>
20@0&

implying in particular that the effect of dirty energy lobbying on the steady-state technol-
ogy stock is positive for a = 0 and negative for a = 1. It is noteworthy that the critical
threshold for «v in (2.35) is greater than that in (2.34) (but still less than 1) and therefore
there is a case where p reduces the investment rate in the short run but increases it in the
long run. Yet, with plausible values of v and d close to 1, both critical thresholds are close
to 1, which suggests that our earlier results are robust to the inclusion of future political
pressure in the government’s preferences (unless @ = 1, in which case the preferences

become dynamically consistent).

2.4.3 Multiple Lobbies

Finally, we consider the case where the government is influenced by multiple lobbies. We
will focus on two lobbies pursuing the interests of the dirty and clean energy sectors. As
in Subsection 2.3.1, the dirty energy lobby derives utility from dirty energy generation
g. The clean lobby, in contrast, derives utility not from the production of clean energy
itself (which would not affect our earlier results) but from building new infrastructure for
the clean sector. Thus, the clean lobby always prefers to have as much investment r as
possible. Assuming also that the intensity of political pressure of each lobby is exogenously

given, we can write the biased welfare function of the government as
v(g,r, G, R) =ulg+ R,r,G)+p'g+p'r, (2.36)

where p? > 0 and p” > 0 measure how strong the pressure is from the dirty and clean en-
ergy lobbies, respectively.?? One can subsume this case under the general case considered
in Section 2.2 (see equation (2.6)) by defining w(g,r, G, R) = (p’g + p"r)/p. Moreover,
one can endogenize p? and p” in essentially the same way as we did in Subsection 2.4.1,
without affecting either the government’s strategies or the steady state.?® Our findings

are summarized in the proposition below.

24In practice, the pressure from the clean energy lobby on the government is comparatively weak. See,
for example, the work of Brulle [13], who estimated lobbying expenditures of the fossil fuel sector in the
US to be almost five times higher than those of the renewable energy sector.

25The requirement in Definition 2.2 that p maximizes w(BR?[p], BR"[p], G, R) —C(p) has to be replaced
by the requirement that (p9,p") is a Nash equilibrium in the stage game played by the two lobbies, given
the best response of the government. Then, under our assumptions on v and wu, this Nash equilibrium
turns out to be in dominant strategies which are independent of the state variables G and R. As in
Subsection 2.4.1, we could further assume that the cost of exerting pressure is quadratic (possibly with
different coefficients for each lobby) and derive explicit expressions for the lobbies’ strategies.
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Proposition 2.6. Suppose that w(g,r,G, R) = (p9g + p"r)/p holds.

(a) There exists a solution to the government’s problem in which the policy functions are

given by
_yHp = =dp)k—p] oydG R
oG, R) = 1+ dd 1+d6d 14dd (2:37)
1-9 1—9 "(1+ od
¢(G,R)=y—Tp(1+ 5d7)k+%+72G—pR+7¢(G,R). (2.38)

(b) In this solution, the stock of greenhouse gases and the stock of clean technology reach
their steady-state values G* and R*, respectively, after two periods. These steady-state
values are given by

(1= —dpk—p" "+

G" = 52d T sd

R =G+ % +7p" — k(1 —8p) — (1 —~ + 6d)G™. (2.40)

(2.39)

The policy functions (2.37) and (2.38) imply that the pressure from the dirty and
clean energy lobbies on the government have the same qualitative effects in the short run,
even though the two lobbies seem to be antagonistic. Both p? and p" increase current
emissions as well as current investments in clean technology for any given pair of stocks
(G, R). The positive impact of p" on current emissions is particularly noteworthy and
can be explained as follows. From the discussion in Subsection 2.3.1, we know that the
production of clean energy substitutes for the natural decay of the stock of greenhouse
gases. The pressure for higher investment today promotes this production. As a result,
for larger values of p", the government can “afford” more current emissions, while keeping

the long-term environmental damage unchanged.

Because of the positive effect on emission and investment rates, it is tempting to con-
jecture that lobbying from the clean energy sector increases the steady-state greenhouse
gas concentration G* and the steady-state clean capital stock R*. However, this rea-
soning neglects the interaction between the two state variables. Based on the results of
Proposition 2.6, we obtain the following comparative statics results:

oG* OR*

<0 and
op” a op”

> 0.

The presence of the clean energy lobby thus positively influences the installation of clean
technology also in the long run. As far as the implication for the greenhouse gas con-
centration is concerned, we have to distinguish two effects. The direct effect mentioned
above would lead to a higher steady-state stock G*. The indirect effect resulting from the

increase in R* and the negative dependence of g on R works in the opposite direction. It
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is then possible that the indirect effect dominates the direct one and this is indeed the
case for all values of the parameters.
Finally, we point out that the comparative statics with respect to p? must be identical
to those found in Proposition 2.1, where only the traditional energy lobby was active, i.e.,
oG* OR*

>0 and

opo op7 > 0.

Hence, the dirty and clean energy lobbies reinforce each other’s positive impact on the
long-run stock of clean technology. On the other hand, the long-run stock of greenhouse
gases can be either lower or higher than without any pressure, which depends on the
relative size between p? and p". We therefore conclude that lobbying from the dirty and
clean energy sectors are competing but only in their influence on greenhouse gas emissions
and only in the long run.

In addition to the formulation of the model with multiple lobbies discussed above, one

can think of several alternatives. One possibility would be to replace (2.36) by

)+ pg+pr

) 7G7R = +R7 7G
v(g,r ) =u(g r Y

i.e., the pressure exerted by one lobby not only increases its own influence on the govern-
ment’s objective function but also reduces the influence of the other lobby. This version
of the model can be analyzed in much the same way as the one above but has somewhat
different properties.? Another alternative formulation can be built on a “winner-takes-
it-all” assumption, meaning that only the strongest interest group has an influence on
the government’s objective. In this case, however, due to the implied discontinuity of
the government’s objective function at p? = p”, the equilibrium with endogenous pressure
may fail to exist. But even if it exists, there is no reason to believe that in the simple
linear-quadratic environment used in all our examples, this will change the implications

of pressure from the “winning” lobby for the policy functions and the long-run states.?”

2.5 Conclusion

The present paper uses a framework developed by Harstad [35, 36] to analyze the influence
of political pressure on a government’s climate policy. Our main assumption is that the
government gives in to such pressure (at least to a certain extent) without changing

its long-term goals. This assumption makes the government’s preferences dynamically

26For example, whereas an increase of p? in Proposition 2.6 results in an increase of 1y = (0, 0), the
coefficient 1 is decreasing with respect to p? in the alternative formulation. This reflects the assumption
that the pressure exerted by the dirty lobby reduces the weight that the government attaches to investment
r when responding to pressure from the clean lobby.

27This is because the lobbies’ strategies would still be independent of the state variables.
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inconsistent. We study the optimal response of the government to single or multiple
pressure groups and illustrate how the intensity of political pressure can be endogenized.
Furthermore, we illustrate the importance of dynamic inconsistency in our analysis by
allowing the government to care about future political pressure.

We show that political pressure from the dirty and clean energy sectors each increases
the emission and investment rates chosen by the government for any given state of the
economy. On the other hand, while both kinds of political pressure further increase the
steady-state stock of clean technology, the steady-state stock of greenhouse gases decreases
with “clean” and increases with “dirty” lobbying. Yet, as long as the overall production
target is not very high, dirty energy lobbying negatively affects the steady-state share
of the total energy produced by dirty technology. Similarly, facing pressure for higher
energy consumption from myopic individuals, the government can shift the energy mix
towards renewables in the long run. Indeed, this pressure (if strong enough) reduces
the absolute amount of dirty energy produced in the steady state, thereby reducing the
concentration of greenhouse gases in the steady state, as well as its relative share in total
energy production.

There are a number of directions in which future research can extend the analysis of
the present paper. First of all, one can try to modify or relax some of the assumptions that
have been made primarily for analytical tractability. This includes the introduction of
“black capacity” or a more careful modeling of investment lags in clean energy production,
as it is done in Kollenbach [46] or Eichner and Kollenbach [24], respectively. Second,
one can extend the proposed model to the case where lobbies or members of the public
have a long-term objective in addition to a short-term objective. Third, it would be
interesting to consider a multi-country setting with foreign political pressure or a setting
with decentralized decisions, where emissions and investments in clean technology are
respectively taxed and subsidized by the government. Last but not least, one could try
to provide more detailed microfoundations for political pressure by including political

contributions from lobby groups and electoral incentives of policymakers.

2.A Appendix

Preliminaries

Since the solution concept presented in Definition 2.1 arises as a special case (for a = 0)
of the concept specified in Definition 2.3, we start by dealing with the more general case
and will later consider the special case of a = 0.

Let U; and U, denote the partial derivatives of the continuation value function U (G, R)
with respect to its first and second arguments, respectively. Let also w/ (G, R), wh(G, R),

wy(G, R), and w)(G, R) denote the partial derivatives of the interest group’s utility func-
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tion w(g,r, G, R) with respect to its first, second, third, and fourth arguments, respec-
tively, each evaluated at (¢(G, R),¥(G, R), G, R).

Due to the functional forms stated in (2.3) and (2.9) and the specifications of the
function w used in Propositions 2.1-2.6, the problems under consideration have a linear-
quadratic structure. We therefore conjecture that the continuation value function U takes

the quadratic form

U(G,R) = Uy +UgG + UrR + %GQ + UgrGR + %R{ (2.41)

and that the policy functions take the linear form (2.10), where Uy, Ug, Ug, Usqa, Ugr,

Ugrr, 90, ¢c, Or, Yo, V¥q, and ¥ are coefficients to be determined.

Using (2.3), (2.6), (2.9), and (2.10), the first-order optimality conditions for the max-

imization problem in (2.28), which is identical to (2.7), can be written as

b0+ ¢cG + (14 ¢r)R — 5y — pwi (G, R)
= 6U1(do + (v + ¢6)G + orR, o + YaG + (p + ¢Yr)R), (2.42)

k= pwy(G, R) = 0Ux(do + (v + 66)G + drR, Yo + ¥6G + (p + Yr)R). (2.43)

Furthermore, differentiating both sides of (2.29) with respect to G and R and using (2.3),
(2.27), (2.9), (2.10), and (2.42)-(2.43) yields

Ui(G, R) = v[¢o + ¢cG + (1 + ¢p)R — 9] — dG
— p[w (G, R)[y+ (1 — @)¢pc] + (1 — a)wh(G, R)g — aws (G, R)].  (2.44)

Analogously, if one differentiates (2.29) with respect to R and uses (2.3), (2.27), (2.9),
(2.10), and (2.42)-(2.43), the result is

Uy(G,R) = — ¢o — ¢cG — (1 + ¢r)R +§ + pk
—pl(1 = )wi(G, R)gr + wy(G, R)[p+ (1 — a)r] — awy(G, R)].  (2.45)

Proof of Proposition 2.1

(a) Under the assumptions of the proposition, it holds that a = 0 and w(g,r, G, R) = g,
which implies w| (G, R) = 1 and w}(G, R) = 0. Equations (2.44)-(2.45) boil down to

Ui(G, R) = 7ldo + ¢aG + (1 + ¢r) R — y] — dG — p(y + a), (2.46)

Us(GR) = —¢o — ¢aG — (14 ¢r) R+ 7 + pk — por. (2.47)
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Differentiating the first of these equations with respect to R and the second one with
respect to G, it follows from (2.41) that

Uar = (1 + ¢r) = —¢c- (2.48)

Applying w|(G,R) = 1, wy(G,R) = 0, and (2.46)-(2.47) to the first-order conditions
(2.42)-(2.43) and then equating the coefficients of G and R on both sides of the two

resulting equations, we obtain

$o —§ —p = 0[y[¢o + b0 + (1 + ¢r)to — §] — doo — p(7 + ¢c)]; (2.49)
¢c = 0[V[ba(y + dc) + (1 + ¢r)ve] — d(v + ¢c)l, (2.50)

1+ ¢r = y[dadr + (1+ ¢r)(p+ Yr)] — dor], (2.51)

—k = 0[¢0 + dado + (1 + dr)tbo — § — pk + porl, (2.52)
0=0[pc(v+ ¢c) + (1 + or)¥al, (2.53)
0=0[¢cdr + (1+ ¢r)(p + Vr)]. (2.54)

If ¢ = 0, then (2.48) implies 1 + ¢ = 0, contradicting (2.50). Hence, ¢ must be non-
zero. By (2.48), we can rewrite (2.53)-(2.54) as ¢g[v(v+oc)—Vg] = da(yor—p—1r) = 0.
Since ¢¢ # 0, we have g = y(v + ¢¢) and ¢r = (p + ¥r)/7. Using these results and
(2.48) once more, it follows from (2.50)-(2.51) that

~vod 1

C140d’ ¢R:_1+5d7 Yo =v(y+ ¢a), Yr=—7+ por.

¢c =
By substituting these values into (2.49) and (2.52), one can find

_y+p— k(1 —dp)
1+dd ’

1-9 1-96
Yo=19— 5p(l—l— 7)k+7¢0.

o

Finally, taking (2.41) into account, we obtain from (2.46)-(2.47) that Uge = voc — d,
Ucr = Y(1+¢r), and Ugg = —(1+ ¢g). Using the above expressions for ¢¢ and ¢ leads

to
v2od vod od

66 = "Tigq b Ver =15 Urr= g
Since Ugg < 0 and UgeUgr — Ugp = 6d*/(1 + 6d) > 0, the function U is strictly

concave so that the first-order conditions that we have used are necessary and sufficient

for optimality. This completes the proof of part (a) of the proposition.
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(b) Because of (2.1) and (2.2), we have

Gy = v[7Go + ¢(Go, Ro)] + ¢(vGo + ¢(Go, Ro), pRo + ¥(Go, Ro)),
Ry = p[pRo + ¥ (Go, Ro)] + 1 (vGo + ¢(Go, Ro), pRo + ¢ (Go, Ry)).

It is straightforward to verify that independently of the values Gy and Ry, the right-hand
sides of these equations are equal to the right-hand sides of (2.13) and (2.14), respectively.
This proves that the state (G*, R*) is reached within two periods. It is also easy to check
that the equations (1—v)G* = ¢(G*, R*) and (1—p)R* = ¢¥(G*, R*) hold. Hence, (G*, R*)
is indeed a steady state. O]

Proof of Proposition 2.2

The proof applies the same reasoning as the proof of Proposition 2.1, so we will omit some
of the details.

(a) The assumption w(g,r, G, R) = u(g+r, G, R) implies w} (G, R) = —¢(G, R) — R+
y=—0¢o— ocG — (1 + ¢r)R+ 7y and wy(G, R) = —k. Setting also a = 0, we can rewrite
equations (2.44)-(2.45) as

Ui(G, R) = [y + p(v + ¢6)][¢0 + ¢cG + (1 + ¢r)R — §] — dG + pkic,

Us(G, R) = —(1 = por)[po + ¢cG + (1 + ¢r)R — y| + [p+ p(p + ¥r)]k.

Then, by (2.41),

Uar = [v +p(v + ¢c)|(1 + ¢r) = —(1 — por)da- (2.55)

Applying these results to the first-order conditions (2.42)-(2.43) and equating the coeffi-

cients of G and R on both sides of the two equations, we obtain the following six equations
for the coefficients ¢g, ¢q, ¢r, Vo, Va, and Yg:

(1+p)(do — 9) = 3[[y + p(v + ¢a)l[do + dago + (1 + dr)o — §] — doo + pkial, (
(L +p)pc = d[[v + p(v + da)l[pc (v + ¢c) + (1 + dr)ba] — d(v + ¢c)l.  (

(1+p)(L+ dr) =0[[y + p(v + ¢c)lldcdr + (1 + ¢r)(p + ¥r)] — dorl, (2.58
—(L+p)k =0[(1 — por)[do + dcdo + (1 + dr)vo — Y| — [p +p(p + Yr)|K], (
0=0(1 = por)ldc(v+ ¢c) + (1 + ¢r)bc], (

0 =0(1 — por)dcdr + (1 + ¢r)(p + Yr)]. (2.61
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This system has a unique solution satisfying (2.55), which is given by

___wd o __1Ffr __
bc = T p 1 od ¢r = L Yo =v(y + ¢c), Yr=—7+ por
and
gy = (L2 = k(1 +p — dp)
0 14+p+dd ’
_ 1-dp 1— 6y pk[1 1406d+p[l+d(y+p)
=j— 1 [ A .
Yo=9-—3 (+ 5d ) 5 [M (L+p)?+0d 700

Analogously to the proof of Proposition 2.1, one can further show that Ugg = —v23d[(1 +
p)2+dd)/(1+p+6d)?—d < 0 and UggUrr — Uy = 6d?[(1+p)? +6d] /(1 +p+dd)? > 0,
which completes the proof of part (a).

(b) The proof of part (b) is completely analogous to the proof of part (b) of Proposi-

tion 2.1 and is therefore omitted. O]

Proof of Proposition 2.3

The proof applies the same reasoning as the proofs of Propositions 2.1 and 2.2, so we will

omit some of the details.

(a) The assumption w(g,r, G, R) = B(g+ R) implies w{ (G, R) = —¢(G,R) — R+7y =
—¢o — 6¢G — (1 + ¢r)R + y and whH(G, R) = 0. Given o = 0, equations (2.44)-(2.45)
become

Ui(G, R) = [y +p(v + ¢c)l[¢o + ¢cG + (1 + ¢r)R — y] — dG,

Us(G, R) = —(1 = pogr)[do + ¢cG + (1 + ¢r)R — ] + pk,

so that (2.55) holds in this case, too. Applying these results to the first-order conditions
(2.42)-(2.43) and equating the coefficients of G and R in the two resulting equations, one
obtains (2.57)-(2.58), (2.60)-(2.61), and

(1+p)(¢o —4) = 6[[v + p(v + ¢a)][do + dado + (1 + dr)tbo — y] — do],

—k = 6[(1 — por)[do + dado + (1 + dr)o — J] — pk].
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We thus conclude that ¢, ¢r, Vg, and Yr take the same values as in Proposition 2.2,

while the values of ¢g and vy are obtained from the last two equations and are given by
(1+p)y — k(1 —dp)
1+p+0dd

_ 1-4p 1— 6y p?
pr— —_— — 1 —
o=y M T U et od

G0 =

Y

k+’7§b0

The rest of the proof, including the proof of part (b), is identical to that of Proposi-
tion 2.2. ]

Proof of Proposition 2.4

We conjecture that there exists a stagewise Stackelberg equilibrium with constant lobby’s
strategy, i.e., there exists a pressure intensity p such that (G, R) = p holds for all G and
R. We will show that this conjecture is consistent with the equilibrium conditions if p is

appropriately chosen.

For a given value of p, let us define the strategies ¢ and v as in Proposition 2.1 and let U
be the corresponding continuation value function. By this construction, ¢, 1, and U satisfy
condition (2.8), which is identical to condition (2.24) in Proposition 2.4. Consequently, we
only need to show that one can choose p in such a way that (u(G, R), (G, R), ¥ (G, R))
is a Stackelberg equilibrium of the stage game I'(G, R, U).

According to the construction and Proposition 2.1, it holds that (¢(G, R), ¥ (G, R))
maximizes u(g+ R, r,G) + pg + 6U(vG + g, pR + r) with respect to g and r, respectively.
This means that ¢(G, R) = BRY[p] and ¢(G, R) = BR"[p] hold for all (G, R). Finally,

consider the problem of the lobby, which is to maximize

_ yt+p—k(—dp)

BR?[p] — C(p) [ od

4 ¢6G + drR — gp2.

Because the coefficients ¢ and ¢ are independent of p (see Proposition 2.1), it is clear
that the lobby’s objective is maximized by choosing p = p = 1/[¢(1+40d)]. This completes
the proof. n

Proof of Proposition 2.5

We proceed in the same way as in the proof of Propositions 2.1-2.3, but this time «
can be non-zero. From w(g,r, G, R) = g, it follows that w{(G, R) = 1 and w)(G, R) =
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wi(G, R) = wy(G, R) = 0. Equations (2.44)-(2.45) become
Ui(G, R) =v[do + ¢cG + (1 + ¢r) R — §] — dG — ply + (1 — a)¢c],
U2(G, R) = —¢o — ¢9cG — (1 + ¢r) R+ § + pk — p(1 — ).

Consequently, condition (2.48) must hold. Applying this to the first-order conditions
(2.42)-(2.43) and equating the coefficients of G and R in the two equations, we get (2.50)-
(2.51), (2.53)-(2.54), and

$o — Y —p =0[y[do + pago + (1 + dr)o — y] — ddo — ply + (1 — @)dc]],

—k = 0[po + dado + (1 + dr)tbo — J — pk + p(1 — a)g).

Hence, the coefficients ¢g, ¢r, Vg, and ¥ turn out to be the same as in Proposition 2.1.

As for ¢g and 1)y, however, they are given by

_ y+p(l = ady) =~k = dp)

b0

1+dd
I e 1—4dp 1=y
= — — 1 :
Yo=Yy = —5—op 5 < t—5g )%
The remainder of the proof is identical to that of Proposition 2.1. O

Proof of Proposition 2.6

We proceed as in the proof of Propositions 2.1-2.3. Since w(g,r, G, R) = (p?g+p"r)/p, we
have pw!| (G, R) = p? and pw)(G, R) = p". With this and o = 0, equations (2.44)-(2.45)
reduce to

Ui(G, R) = 9[¢o + ¢aG + (1 + ¢r)R — 9] — dG — p? (v + ¢c) — PV,

Us(G, R) = —¢o — ¢cG — (1 + ¢r)R+y + pk — por — p"(p + ¥r).

Condition (2.48) then holds. Applying these results to the first-order conditions (2.42)-
(2.43) and equating the coefficients of G and R in the two equations, one obtains (2.50)-
(2.51), (2.53)-(2.54), and

o — Yy — D’ = 0[V[bo + Pao + (1 + ¢r)o — y| — dpo — p? (v + é¢) — P Yal,

—k+4p" =6[¢o + pado + (1 + ¢r)vo —y — pk + p?dr + 1" (p + ¥r)|.

71



Chapter 2

Thus, the values of ¢g, ¢r, Vq, and g remain the same as in Proposition 2.1. The values
of ¢g and vy are modified as

_ g+’ =1 = 0p)k —p']

¢0 1 + (5d )
_ 1—9dp 11—y p"(1+dd)
=y————11 _ .
From here, the proof is identical to the proof of Proposition 2.1. O

Proof of Equation (2.19)

It follows directly from (2.17) and (2.18) that

oG* [1+p+5d 21+p) —d(y+p)  1+p p(v+p)] (1L+p)k
( (

dp 1+p)?+dd 5(1+p) 62d  (1+p)?+dd]| (1+p)?+dd
OR* oG*  [(1—p*+dd)d { 2pdd H k

- —(1— _ 1 :
op (1=7) Op {(1+p)2+5d+<7+p> +(1+p)2+5d (1+p)2+dd

The first expression is obviously positive, whereas the second one is negative whenever p

is smaller than +/1 + dd.
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Chapter 3

Social Security, Bequests, and Social

Comparisons!

3.1 Introduction

It is well known that when agents do not have a bequest motive, unfunded social se-
curity discourages capital accumulation, whereas it is neutral to capital accumulation
when agents are linked with their descendants through positive bequests. These are the
implications of two standard overlapping generations (OLG) models developed by Dia-
mond [17] and Barro [9], respectively. Though both models are useful for the analysis of
public intergenerational transfers, they have both been criticized for ignoring consumer
heterogeneity (see, among others, Mankiw [32]), as is apparent in the data. In particular,
existing empirical evidence (e.g., Altonji et al. [4], Laitner and Ohlsson [26], Altonji and
Villanueva [5], Adermon et al. [1]) suggests that a lot of individuals do not receive inher-
itances or transfers from their parents, while the amount received by individuals varies
significantly and positively with their parents’ income or wealth. This naturally raises
the question of how unfunded social security affects capital accumulation when bequests
are left only within relatively rich families. Should the results lie between those found in
Diamond’s and Barro’s models, and so the long-run capital stock declines due to social
security?

The importance of addressing the issue of unfunded social security is highlighted by
ongoing discussions in many countries about reforming such systems. In these discus-
sions, however, bequests have received little attention. Unfunded social security systems
are primarily designed to support individuals with limited financial resources. At the
same time, as bequests become more concentrated among the rich, unfunded social se-
curity can potentially increase wealth inequality in the long run. This is because poorer

individuals who do not benefit from inherited wealth become more likely to save only for

1 Joint work with Kirill Borissov. The chapter has been published in the Journal of Public Economic
Theory.
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their retirement, and these savings are likely to be reduced due to public pensions. Thus,
when discussing the role of unfunded social security systems, it is relevant to take the

distribution of bequests into account.

This paper investigates the long-run effects of unfunded social security on capital stock
and wealth inequality in an OLG model where individuals differ in the bequests they re-
ceive from parents. With this heterogeneity, parents who do not inherit enough wealth
themselves (if any) may leave no bequest if they overspend on personal consumption.
Overspending on personal consumption may arise from various sources in reality. As
noted by Stiglitz [40], one important source in developed countries is social comparisons:
“Individuals’ concerns with their consumption relative to that of others — the problem
of “keeping up with the Joneses” — helps explain why so many Americans live beyond
their means” (p. 105). Duesenberry [19] was the first to suggest that relative consid-
erations cause poorer families to have a higher propensity to consume. More recently,
several papers (Moav and Neeman |36, 37|, Alvarez-Cuadrado and Long [7, 8], Borissov
[13], Genicot and Ray [21], Dioikitopoulos et al. [18]) have argued that concerns for social
status or socially determined aspirations have important implications for inequality and
poverty. Following this literature, we assume that individuals’ decisions are subject to so-
cial comparisons, and we characterize different long-run states of the bequest distribution

for various values of the parameters reflecting social comparisons.?

We examine three long-run states of the bequest distribution that correspond to three
long-run equilibrium regimes of the economy: (i) the egalitarian regime where all individ-
uals leave bequests; (ii) the egalitarian regime where nobody leaves bequests; and (iii) the
inegalitarian regime where some individuals leave bequests and some do not. In the first
regime, the economy always converges to full equality, and unfunded social security does
not affect capital accumulation. Similar to the model of Barro [9], our model predicts that
a reduction in savings due to social security is exactly offset by an increase in savings due
to parental bequests. On the other hand, we show that in the egalitarian regime with no
bequests, as in the model of Diamond [17], unfunded social security discourages capital
accumulation and, hence, leads to a lower capital stock in the long run. Finally and most
interestingly, we consider the inegalitarian regime, which is characterized by the division
of the population into two homogeneous groups of families from some time on, with only
individuals from the wealthiest families continuing to leave bequests. In this regime, un-
funded social security increases long-run wealth inequality by redistributing wealth from
the non-wealthiest families to the wealthiest ones. However, at the same time, it also

increases the long-run capital stock.

2There is considerable empirical and experimental evidence that people have relative concerns (see,
e.g., Heffetz and Frank [22]). Furthermore, there is a large number of studies dealing with the effects
of social comparisons on public policies. In the context of social security, social comparisons have been
discussed by Knell [23] and Bilancinia and D’Antoni [11]. Their models, contrary to ours, ignore bequests
and any heterogeneity across individuals of the same generation.
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Our results contribute to the literature analyzing unfunded social security in the pres-
ence of heterogeneous (intended) bequests. Under the assumption that some fraction
of agents does not have a bequest motive and therefore does not bequeath, Michel and
Pestieau [33] and Laitner [25] have shown that in the long run, the neutrality of unfunded
social security to capital accumulation observed in Barro’s model still holds at the ag-
gregate level. One can reach the same conclusion by considering agents with low and
high intergenerational discount factors such that only the latter leave positive bequests
asymptotically (see Smetters [39]). Moreover, the neutrality holds in models where be-
quests are left in the long run by only the most altruistic agents while being additionally
heterogeneous in productivity or by the most altruistic agents together with agents having
some preference for wealth (see Michel and Pesticau [34] or Pesticau and Thibault [3§],
respectively). Unlike all these studies and similar to our paper, Caballé and Fuster [16]
have assumed that young individuals have identical preferences and differ only in their in-
heritance. These authors, however, have further assumed that when old, individuals learn
whether they are of the altruistic type or not. Using such uncertainty in preferences, the
authors have numerically demonstrated that if altruistic agents leave positive bequests in

the long run, the introduction of an unfunded social security system crowds out capital.

To the best of our knowledge, our paper is the first to show that unfunded social secu-
rity increases the long-run capital stock when some individuals leave bequests and some
do not. That said, our finding that social security increases long-run wealth inequality
too is consistent with the results obtained by Michel and Pestieau [33| and Laitner [25].
Furthermore, consistent with Caballé and Fuster [16]|, we show that an increase in the
social security contribution rate can serve as a source of permanent wealth heterogeneity
because it can shift the economy from the egalitarian regime with no bequests to the

inegalitarian regime.

More broadly, we contribute to the literature arguing that agent heterogeneity can
challenge the implications of government policies from standard representative agent mod-
els (see, e.g., Gali et al. [20], Werning [41], and Bilbiie [12]). In our study, we challenge
the implications of unfunded public pensions from two such models, the one proposed by
Diamond [17] and the one proposed by Barro 9], by focusing on heterogeneity in bequest

behavior.

The rest of the paper is organized as follows. We present the model in Section 3.2 and
characterize three equilibrium regimes in Section 3.3. Section 3.4 examines the long-run
aggregate and distributional effects of social security. In the final section, we conclude

the paper and suggest potential avenues for future research.
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3.2 The Model

The framework described below is the OLG extension of the successive generations model
with intergenerational altruism and social comparisons developed by Borissov [13]. Similar
models have been used to analyze public debt and tax policies (Borissov and Kalk [15],
Borissov and Hashimzade [14]). Here, our interest lies in the analysis of (unfunded) social

security.

3.2.1 Demographics

Consider an OLG economy in discrete time indexed by t € {0,1,...}. At any date ¢,
a new generation of individuals is born. They live for two periods: young and old. At
the beginning of old age, each individual gives birth to one offspring belonging to the
same dynasty. There exist N such dynasties, which we index by j € {1,..., N}, and
hence every generation consists of N individuals.®> Dynasties differ only in their initial

endowment of capital, denoted by s , for dynasty j.

3.2.2 Firms

The economy produces a single good that is either consumed or invested. The production

function takes the Cobb-Douglas form with a constant capital share o € (0, 1):
Y, = K{L™°,

where Y; is total output, K; is the capital stock, and L; is labor input, all at date t. We
assume that capital fully depreciates after one period of use.
All markets are perfectly competitive. Therefore, the rate of return to capital, R;, and

the wage rate, wy, satisfy
Ry = ok and w, = (1 — a)k?, (3.1)

where k; := K,;/L, is the capital stock per worker at date t.

3.2.3 Individuals

Each individual inelastically supplies one unit of labor when young and retires when old,
as in Diamond [17]. We then have L; = N for every t > 0 in equilibrium. During working
age, individual j born at date t receives a bequest b{ from her parent and earns the wage

w; on which she pays a payroll tax at rate 7 € [0,1). Denoted by wf , the resulting income

3Throughout the paper, we refer to an individual belonging to dynasty j as individual j.
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is allocated between consumption ¢ and savings s/:
c+sl =w =1 —-7)w +b. (3.2)

After retirement, the individual receives social security benefits 6;,; from the government
and the proceeds of her savings Ry, s (i.e., Ryy1 corresponds to the gross interest rate in
the economy at date t+1). These resources can be used by the individual to consume d 1
or to leave a bequest b 1+1 to her offspring. The second-period budget constraint therefore
reads

dloy + by = Ripast + Opia. (3.3)

Bequests are assumed to be non-negative, i.e.,
o 2 0. (3.4)

Preferences of individual j born at date ¢ are represented by the following lifetime

utility function:
Ul El sy, a) = (1= )+ Oindlyy + BInids,

where § € (0,1) is the degree of patience and 5 > 0 is the degree of parental altruism.
When modeling altruism, we follow the approach of Becker and Tomes [10] and assume
that individuals care about the disposable income of their offspring, in particular about
the disposable income during her working life (similar to Lambrecht et al. [27, 28|, Michel
et al. [35], Kunze |24], and Maebayashi [31]).

The variables éi and ag 41 represent effective young- and old-age consumption, and
@], represents the effective level of the offspring’s disposable income.* As mentioned in
the Introduction, the behavior of individuals is subject to social comparisons in our econ-
omy. Accordingly, we assume that individuals born at ¢ derive utility by comparing their
(cl,d],,,wl,;) with respective values (&,dss1,@;41) of some reference group. Following
Ljungqvist and Uhlig [29] and subsequent papers such as Alvarez-Cuadrado and Long 7],

we use an additive specification for these comparisons, namely
CZ - CZ - 706t7
NI _
dipy = diyy — Yadiya,
A B _
Wiy = Wipr = YolWi+,

with parameters 7. € [0,1), 74 € [0,1), and 7, € [0,1) measuring the intensity of social

comparisons applied to each argument of the utility function Utj . Note that we allow ~,, to

40ur use of the term “effective” follows Alonso-Carrera et al. [2, 3].
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be smaller than . or 74, so that we can capture that individuals may be less affected by
social comparisons when they leave bequests than when they consume. Alvarez-Cuadrado
and Long [8] have argued that this may be the case due to the limited observability of
bequests and their concentration in the upper tail of the wealth distribution. Similarly,
we allow 7, to be larger than v4 or v, which, in turn, can capture that the importance
of social comparisons may decrease with age; see Alvarez-Cuadrado and Long [8] and
Alvarez-Cuadrado and Japaridze [6] for a discussion of why this is also plausible. In
contrast, models with pure altruism of Barro [9] (e.g., Alonso-Carrera et al. [3]) assume
that bequests and young-age consumption share the same intensity of social comparisons,
thereby failing to accommodate either one or both possibilities.?

To sum up, the problem of individual j born at date ¢ is to choose (¢!, s, d! 1 b/ 1)
so as to maximize the lifetime utility Uf(c{ — YeCt, d{H — 7th+1,¢0{+1 — YwWir1) subject
to the budget constraints (3.2)-(3.3), and the non-negativity constraint on bequests (3.4).
Provided that the individual takes the reference levels (¢, Jt+1,@t+1) as given, the first-

order conditions of this problem can be written as

(1= 6)(dlyy = Yadis1) = SRi1(c] — ), (3.5)

(5(wf+1 — Yolis1) = 5((1{“ - Vth+1) (: if b§+1 > 0). (3-6)

It is important to stress that in each generation, individuals differ only in bequests trans-
ferred by their parents at date t. All preference parameters and reference levels are
common across individuals. In what follows, we assume that the reference group for indi-
viduals born at date ¢ is the one associated with the average individual of their generation,
that is,
1L 1 1.
= Zd» di1 = N jzldi+1> Werl = jzlwfﬂ- (3.7)

Jj=1

3.2.4 Government

The government runs a balanced-budget unfunded social security system, collecting taxes
from young individuals at date ¢ and transferring those funds to the current old. With

constant population, the government’s budget constraint is simply given by
91& = TWy. (38)

Our primary objective is to examine the aggregate and distributional effects of changes

in the social security contribution rate 7.

°In a more general context, the type of altruism considered in the present paper (often referred to in
the literature as “family” altruism) seems more realistic compared to pure altruism because the former
does not require individuals to forecast the behavior of all their descendants and hence all future prices
to make decisions today.
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3.2.5 Equilibrium

An equilibrium of the economy described above is defined in a standard way. Individuals
and firms solve their maximization problems, the government balances its budget, and
all markets clear. Formally, suppose we are given an initial state {(s. 1)1, Ko}, where
(s” )7L is the distribution of initial capital endowments among dynasties and Ky =
Z;VZI sl 1 = Nk is the initial capital stock. An intertemporal equilibrium starting from
the initial state {(s’ ), Ko} is a sequence {(c], s}, d?, b))%, k1122, such that for all

=0 =1
t>0:

(a) (cl,sl,dl,,,bl,,) is the optimal choice of individual j born at date ¢, which is de-
termined by (3.2)-(3.6) with (¢, d;y1,@:41) given by (3.7), 641 given by (3.8), and
(w¢, Wiy, Reyr) given by (3.1);

(b) (d}, b)) is the optimal choice of individual j who is old at ¢ = 0, which is determined
by

d{) + b% = R[)Sj_l + 00,
0(wh — Ywio) = Bldf — vado) (= if b > 0)

with b} > 0, dy = Zjvzl d) /N, @y = Z;VZI W} /N, 6y given by (3.8), and (wo, Ro)
given by (3.1);

(¢) ke =5, s1/N.

3.3 Three Equilibrium Regimes

In the present section, we characterize three equilibrium regimes that differ in whether
bequests are left in the long run by all, none, or some of the N dynasties. We will
call these regimes an “egalitarian regime with bequests”, an “egalitarian regime with no
bequests”’, and “an inegalitarian regime”, respectively, and we will provide conditions on
the parameters of the model that lead to each of them.

All the results in this section are presented without making additional simplifying
assumptions. Yet, it is helpful to begin with a brief informal discussion of the simple case

where

Ye > Vd = VYo = 0; (39)

meaning that individuals are influenced by social comparisons exclusively during their
working life. In this case, conditions for each equilibrium regime to occur can be ex-

pressed solely in terms of the intensity of social comparisons when young, 7., and the

SNote that this case is consistent with the two plausible properties of social comparisons mentioned
in Subsection 3.2.3.
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Ye
1
intermediate
regime inegalitarian
regime
egalitarian /
regime with egalitarian
no bequests regime with
bequests
0

Figure 3.1: Equilibrium regimes for various values of v, and (8

degree of altruism, . As illustrated in Figure 3.1, the inegalitarian regime, for example,
occurs if both v, and 3 are sufficiently high. Intuitively, social comparisons over young-age
consumption discourage individuals from saving, while altruism toward children encour-
ages individuals to bequeath. Furthermore, the first effect is particularly pronounced for
individuals belonging to less wealthy dynasties. Then, when both ~. and 3 are high, rich
individuals are motivated and find it possible to leave bequests, whereas poor individu-
als, even though equally motivated, find themselves constrained in their bequest decision.
When 7. is low, in contrast, and [ is high, all individuals save enough to bequeath, lead-
ing to the egalitarian regime with bequests. On the other hand, when both 7. and § are
low, all individuals are motivated to save primarily for their old-age consumption, leading
to the egalitarian regime with no bequests. Finally, in Figure 3.1, we indicate one more
possible regime, which can be called an “intermediate regime” and which occurs when
v is high, whereas [ is low. We omit the analysis of this regime in the paper, however,
because it involves a complex equilibrium characterization without providing new insights

into the role of social security.”

We now turn to a more formal analysis of the model. Let us consider an intertempo-

ral equilibrium {(c/, s7,d, b)), ke1}52, starting from {(s”,)N,, Ko}. Without loss of

generality, we assume

1 _ _.n n+1 N
8_1—"‘—8_1>8_1 Z"'ZS_ly

"The intermediate regime excludes the possibility that all dynasties leave bequests in the long run, but
not that a fraction of dynasties do. In the latter situation, the policy implications of the model remain
the same as in the inegalitarian regime. On the other hand, if none of the dynasties leave bequests in
the long run in the intermediate regime, the policy implications of the model remain the same as in the
egalitarian regime with no bequests.
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where n € {1,..., N} is the exogenous number of dynasties having the highest initial
capital endowment. Then, it is not difficult to show that for any pair of dynasties (7, h),
s’ | = st implies b} = b, while s, > st implies b} > by. Moreover, at any date ¢ > 0,
b] = b} implies b 41 = by, while bl > b} implies b 41 > by As a result, the following

relationship holds for all ¢ > 0:
b= =b >0 > >N, (3.10)

That is, individuals belonging to the initially richest dynasties always leave the largest
bequests. We use M; € {1,..., N} to denote the (endogenous) number of individuals

leaving positive bequests at date ¢, i.e.,
bl >0, j < My b =0, j> M,
and my := M,;/N to denote their share in the population. Let us also denote the average

bequest at ¢ by b; := Zjvzl b/ /N.

With these preliminaries, we can state our first result. All proofs can be found in
Appendix 3.A.

Proposition 3.1. Suppose that the following conditions are satisfied:

1—7d>5(1—7')(1—a) and 1—7d<1+ﬁ(1—a)1—7d_ 5(1‘ (3.11)

1—7, Bla+7(1—-a) 11—, 1—-6 11—, 1-9¢

There exists a date Ty such that for all t > Ty, it holds that My = N (or my = 1) and

B B -+ (- )] — 60— 2)(1 - 1)(1 - a)
R B0 =) 01 =) ’ (3.12)

kiiq _ 504(1 - ’Yc)(l — ’Yd)
ki Ba(l =) (1 =va) + (1 = 7)) [0l —7e) + (1 = 6)(1 = 7a)]

Furthermore, it holds that

(3.13)

bj Sj
lim =+ = lim —— =1, j=1,...,N.

t—o0 bt t—o0 kt-i-l
Thus, under parameter restriction (3.11), the bequest motive turns out to be operative
for all dynasties from date 77 onward, and their bequests converge to the same value as
t goes to infinity. Moreover, starting from date T}, the aggregate saving rate kyq1/k{* is
constant and independent of the distribution of initial capital endowments (i.e., it does
not depend on n). Since newborn individuals differ only in their bequests received, which

are shown to be identical in the long run, all dynasties also own the same share of long-run
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capital stock and of long-run national income. We will therefore refer to this case as the
egalitarian regime with (positive) bequests.

Next, we turn to another extreme case where the bequest motive is inoperative for
all dynasties. Proposition 3.2 provides sufficient conditions for this case to occur and

characterize the associated dynamics of capital accumulation.

Proposition 3.2. Suppose that the following conditions are satisfied:

1=y _d1-D(-0a)  1-9 _dl(1+B)(1—7)(1—a)-fal
1_%0 ﬁ[a—i_T(l_O‘)] 1_70 5(1—5)[@—1—7‘(1—&)] ‘

(3.14)

There exists a date Ty such that for allt > Ty, it holds that My =0 (or my =0), s{ = ki1
for every j=1... N, and

K1 _ da(l —~v)(1 —7)(1 — )
kol —7e) + (1 =0)(1 —qa)la+7(1l —a)]

(3.15)

Similar to Proposition 3.1, the distribution of initial capital endowments has no long-
run effect on the aggregate saving rate. However, in contrast to Proposition 3.1, we note
that dynasties become homogeneous starting from some date (namely, ¢ = T3) rather
than asymptotically. This reflects the model feature that inheritance is the sole source
of heterogeneity across individuals when they are born. Hence, if none of the dynasties
leave bequests, individuals within each generation become identical. We will refer to the

case described in Proposition 3.2 as the egalitarian regime with no bequests.

After presenting the results where the economy behaves in the long run as if there was
a single representative dynasty, let us now focus on the scenario where inequality between

8 To state the corresponding proposition, we first

different dynasties persists over time.
need to look at the dynamics of the bequest-output ratio b;/k® when the bequest motive
is operative for at least some dynasties. As we show in Lemma 3.2 in Appendix 3.A, if the
number of dynasties with an operative bequest motive is positive and does not decrease
between dates t and t + 1, i.e., My 1 > M; > 0 (or my; > my > 0), then b;/k evolves
according to

by Almen) + B(mt+1);§—§

ki N C(mey1) + D(mt+1),§—§'

Defined in Appendix 3.A, the functions A, B, C', and D are such that if

1 —q - d(1—-7)(1—a)
1—9,  PBla+7(1-0a)]

8The persistence of wealth inequality across multiple generations of the same families has been em-
pirically documented by Adermon et al. [1], who have also found that bequests and inter vivos gifts play
a central role in this persistence.
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Figure 3.2: Determination of the steady-state value of the bequest-output ratio

then the relationship between by1/k,, and b,/k{ for any given myq € (0,1) takes the
form depicted by the solid curve in Figure 3.2. Provided that m;,, remains constant at a
level m, the intersection of this curve with the 45-degree line gives the steady-state value

of the bequest-output ratio, which is defined by

b(m) :=

B(m) — C(m) + /[B(m) — C(m)]* + 4A(m)D(m)
2D(m) '

Denoting further the steady-state saving rate associated with b(m) by

ool — 7o) [(L = 7)(A = a) + b(m)]

) el =3 + (1 - )1 a)la + (1 — ) — ()]

we are now able to formulate the following proposition.

Proposition 3.3. Suppose that the following conditions are satisfied:

1=y  d(1—-7)(1—a) 1=y 1+l —a)l—y da
> and — .
-7 Bla+7(l—a) 1—". 1-6 1—v, 1-90

(3.16)

There exists a date Ty such that for all t > Ts, it holds that My =n (or my =n/N ) and

b N i N—n (kb 1-6b
L= ands—t:1+ n< b2 —t+1)aj§n§ (3.17)
by n iy n ki kY o kP
J Sk& b 1-6b
bl =0 and L =1- t—i——l+l,j>n- (3.18)
Kt K1 ki a ki
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Furthermore, it holds that

lim E =0 <%> and lim s =s <£> .

t—oo k& t—oo k& N

This proposition says that as long as the parameters of the model satisfy (3.16),
the economy is characterized by a partition of the set of dynasties into two homogeneous
groups from date T3 onward. In one group, dynasties leave the same positive bequest, and
those dynasties had the highest capital endowment at ¢ = 0. In the other group, dynasties
leave no bequests. Therefore, individuals belonging to dynasties of this group consume
their entire lifetime resources, saving solely to finance their old-age consumption. While
the latter group of dynasties always owns a lower share of capital stock (wealth) than the
former group, these shares continue to evolve after ¢ = T3, and so do the bequest-output
ratio b;/k® and the aggregate saving rate ky,1/k®. As time goes on, they all converge
to the long-run levels that depend on n, which implies that the distribution of initial
endowments has a persistent effect not only on individual variables, such as the dynasty’s
share of capital stock, but also on aggregate variables, such as the aggregate saving rate.’

Note that since n can take any integer value from 1 to N, Proposition 3.3 in particular
allows for the set of dynasties leaving bequests in the long run to be of size N. Then, it
is easy to verify that b(1) and s(1) are equal to the bequest-output ratio and the saving
rate, respectively, found in the egalitarian regime with bequests. Here, however, the
scenario with M; = N is possible in the long run only if capital endowments are evenly
distributed across the founding members of each dynasty, or in other words, if dynasties
are never heterogeneous. In what follows, we will refer to the general case described in

Proposition 3.3 as the inegalitarian regime.!°

3.4 Social Security

The current section aims to examine how the social security contribution rate 7 affects
capital accumulation in each of the three equilibrium regimes and how it affects inequality
in the inegalitarian regime. We are interested in the long run, where, as we have seen
in the previous section, the fraction of dynasties leaving positive bequests m; is constant
and equal to either 1, 0, or n/N.

Consider first the economy in the egalitarian regime with bequests. It is apparent

that 7 does not appear in equation (3.13), implying that social security does not affect

9To put it differently, both individual and aggregate variables in the long run depend on the fraction of
individuals leaving bequests, which is equal to n/N from date T3 onward. This stands in contrast to the
two papers mentioned in the Introduction, namely Michel and Pestieau [33] and Laitner [25], where the
steady-state capital stock (per worker) cannot depend on that fraction and is the same as if all individuals
left bequests.

10 Alternatively, one can call this regime a “two-class” regime.
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capital accumulation. This finding is not surprising in view of Ricardian equivalence and
is driven by the fact that a reduction in savings due to social security is exactly offset by
an increase in savings due to bequests. As a consequence, consumption and investment are
unaffected by social security. Indeed, it follows from (3.12) that the value of b, —7(1—a)k
or, equivalently, b, — 7w, remains constant, which means that a unit increase in the social

security contribution leads to a unit increase in the average bequest.

Turning to another egalitarian regime with no bequests, the standard result known
in the literature also remains valid. Specifically, by looking at the effect of 7 in (3.15),
we conclude that in the absence of private intergenerational transfers, social security
reduces the aggregate saving rate. As in the canonical OLG model without altruism, this
result relies on the fact that social security discourages savings used to finance old-age

consumption.

Given that the aggregate saving rate is independent of and negatively dependent on
7 when bequests are left by all and none of the dynasties, respectively, it is tempting to
conjecture that the presence of social security cannot increase the aggregate saving rate
when bequests are left by only a fraction of dynasties. However, such reasoning neglects
the distributional effect of social security. Note that under conditions of Proposition 3.3,

the following relationships hold (see Appendix 3.A):

Jds(n/N) S0 o ob(n/N)

>1-— < N. 1
a7 = or > a & n< (3 9)

That is, as long as initial capital endowments are unevenly distributed across dynasties,
the long-run saving rate in the inegalitarian regime necessarily increases with 7. From the
second inequality in (3.19), we can deduce that a higher saving rate is required since a
unit increase in the social security contribution causes the average bequest to increase by
more than one unit. The latter observation, in turn, can be explained as follows. Because
social security discourages savings for dynasties that do not leave bequests, it redistributes
wealth from these dynasties to those leaving positive bequests, which are the wealthiest
ones. As the wealthiest dynasties become even wealthier, their elderly members bequeath
a larger fraction of the capitalized value of inheritance they received during their youth.

This makes the average bequest overreact to changes in the social security contribution.

Consistent with the explanation given above, social security not only increases the
long-run aggregate saving rate but also increases long-run wealth inequality in the ine-
galitarian regime. Recall that dynasties fall into two homogeneous groups starting from
t = T3. This division allows us to easily calculate the Gini coefficient based on the wealth
distribution across dynasties for ¢ > T3. In particular, the coefficient must be equal to
the difference between the share of the total capital stock owned by the wealthiest dy-

nasties, > "

i1 s]/K,.1, and their share in the total number of dynasties, n/N. Applying
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Ve

Figure 3.3: Possible regime shifts due to an increase in 7 (from 7’ to 7”)

Proposition 3.3, we obtain

> i s m N-n ) 1—90 n
e e AL b2 2
iv% Nkw NN L(n/N) T ] (N) ’ (3:20)
which is zero for n = N and which increases with 7 if and only if'!
ob(n/N) B(l—va2)+6(1—72) N-n
— -1 > 0. 3.21
or e (1 —-a)(B+9) N (3:21)

It directly follows from (3.19) for n < N that this inequality holds. Thus, in the inegali-
tarian regime, the degree of long-run wealth inequality is always positively dependent on

the social security contribution rate.

Finally, it is worth stressing that the comparative statics results that have been dis-
cussed so far assume that changes in 7 are marginal and do not lead to a change in the
equilibrium regime. That being said, both conditions of Proposition 3.2, for example, de-
pend on 7 and provided that (1+ 5)(1 —«) > fa, any increase in 7 make them less likely
to be met. In other words, an increase in the social security contribution rate reduces
the set of possible parameter values that correspond to the egalitarian regime with no

bequests. This can also be seen graphically. Suppose that simplifying assumption (3.9)

11See Appendix 3.A for details.
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holds and let

ey 01 =7)(1—-a)
gir) = a+7(l—a)’
N Gl )
7(8) = Bl —a)+1—da’
Vo (Bor) Bo(1 —a) + [B*(7) — Blla+ 7(1 — )]

- BO(1—a) +[B(r) = Bola+T(1 - )]

These three thresholds define three curves plotted in Figure 3.1. Figure 3.3 then illustrates
how a change in 7 from 77 > 0 to 77 > 7’ would change Figure 3.1, showing that the
area corresponding to the egalitarian regime with no bequests shrinks. Two regions are of
particular interest in Figure 3.3: the dotted one and the cross-hatched one. The dotted
region contains all values of 7, and g under which an increase in the contribution rate
from 7/ to 7" shifts the economy from one egalitarian regime with no bequests to another
egalitarian regime with bequests. The cross-hatched region, on the other hand, contains
all values of 7. and  under which an increase from 7’ to 7" shifts the economy from the
egalitarian regime with no bequests to the inegalitarian regime. This last result reinforces
our conclusion that social security increases wealth inequality in the long run by suggesting
that social security may even be a source of inequality.

To sum up, we have:

Proposition 3.4. Unfunded social security does not affect capital accumulation in the
egalitarian regime with bequests and discourages capital accumulation in the egalitarian
regime with no bequests. However, if the economy results in the inegalitarian regime, un-
funded social security tends to encourage capital accumulation. Furthermore, an increase
in the social security contribution rate may cause the economy to shift from the egalitarian
regime with no bequests to the inegalitarian regime, where the degree of long-run wealth

mequality always increases with the contribution rate.

3.5 Conclusion

We provide an analysis of unfunded social security in an OLG model where individuals
receive different bequests from their parents and are influenced by social comparisons. In
this model, individuals belong to infinitely-lived dynasties that are heterogeneous solely
in their initial wealth. We characterize three equilibrium regimes in which bequests are
left in the long run by either all, none, or only the wealthiest dynasties. Our findings
demonstrate that unfunded social security has no effect on capital accumulation in the
first case and has a negative effect on capital accumulation in the second case. However,

in the regime where only the wealthiest dynasties leave positive bequests in the long run,
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unfunded social security tends to encourage capital accumulation. Yet, it also increases

long-run wealth inequality.

Further research can be carried out in various directions. First of all, it would be
interesting to consider an extended model where labor supply is endogenous, or parents
additionally invest in children’s human capital, as in Liu and Thegersen [30] or Maebayashi
[31], respectively. In both cases, individuals belonging to different dynasties would pay
different amounts of payroll taxes, which could potentially cause the economy to shift from
the inegalitarian regime to the egalitarian regime with bequests, or vice versa. Second, one
can introduce heterogeneity in reference points to better capture the phenomenon of social
comparisons. For example, rich individuals may be more likely to compare themselves with
other rich individuals than with the average person (see Alvarez-Cuadrado and Japaridze
[6]). Last but not least, a fully-funded element of the social security system could be
incorporated into the model to investigate the distributional effects of social security

privatization.

3.A Appendix

Three preliminary lemmas

N

Lemma 3.1. In the intertemporal equilibrium {(c{,s{,d{,b{)jzl,

ki1 1SS starting from

sT N KoY, the aggregate saving rate ki1 /K evolves according to
1/5=1 t

Ry da(l —7)[(1—7)(1 —a) + If_t;] _ -
kg 504(1—’Yc)+(1—5)(1—'yd)[a_|_7-(1_a)_Zgi]v .
where
N g [ &,
by _N;bt = Nj_lmax{0’5+5 ak—t+7—(1_a)]
0 ;
_6+5(1—7)(1—a)_67d56 [aJr (1—a)—é] (3.23)
el b1\ .
+ {(1—T><1—a>+g]}@
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and

_ 1 XL
i1 = sziﬂ

1 & bl
= szax{o’lﬁ—i——aﬁ [(1 —7)(1—«a) +1a

j=1 ' (3.24)
Ve [ by kt+1:| kY
— l—-7)l-a)+-———+
1+ 3 ( A ) [ e
Yaf3 [ Bt—i—l } Yw [ Bt-ﬁ-l } a
— a+7(l—-a)— + 1-7)(1—a)+—| pkiy.
1 + /B ( ) kta_l’_l 1 n ﬂ ( )( ) k?_,'_l t+1
Furthermore, for all t > 0, it holds that
S“Z bg Z_)t k? 1-96 5t+1 b‘g—&-l .
L =146 L+ -= — — ,j=1,...,N 3.25
o <k? kf) b o \kiy kg ) (3:29)
and _
by B0 la+ 70— )] =30~ )= 7)1 —a) 520
ki Bl —7a) + (1 — )

Proof. Consider the problem of individual j born at date ¢t. Using (3.2)-(3.6), we can

write the solution to this problem as

o =(1—7)w+b — s,

. . 1-§ . _
s; = 0[(1 = T)we + by — elr] — R—(9t+1 — b1 — Yadis1), (3.27)
t+1
A4y = Regrs] + Opy1 — b,
b/, , = max OL(R 7+ 041 — vad, )—L[(l—T)w — Yl 1] (3.28)
t41 754‘5 t+15% t+1 — Vdi4+1 0+ 5 t+1 wWit1] ¢ - .

At the same time, it is clear that ¢/ and b/ chosen by individual j born at date ¢ — 1
are given by

dl = Rys]_| +6,— b
and

. , - 0
b] = max {Oa %(Rté’iq + 0 — yady) — m[(l — T)w; — %Jwt]} . (3.29)
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Using the first equation in each of these two systems together with k; = Zivzl si_l /N,
kir = SN 5] /N, and (3.7), we obtain that for all £ > 0,

j=1
& = (1 — T)wy + by — kiy1, (3.30)
dy = Riky + 6, — by, (3.31)
@ = (1 — 7)w; + by. (3.32)

Applying (3.31) and (3.32) to (3.29) and taking (3.1) and (3.8) into account yields (3.23).
Similarly, applying (3.30) and (3.31) to (3.27) and taking (3.1) and (3.8) into account
yields for all j and ¢,

by ki1

— 7.0 [(1—7)(1—a)+k—ta— o

3{2{5 [(1—7)(1—a)+%

1— b k
+ —Vd( ) {oz +7(l—a)— 2—“} tzl kg
a k] ki

(3.33)

Using condition k;1; = ZN s]/N and rearranging terms, we obtain (3.22). Furthermore,

j=1
dividing both sides of (3.33) by k4, and using (3.22), we obtain (3.25). Combining (3.27)
and (3.28) along with (3.30)-(3.32), (3.1), and (3.8) yields (3.24). To obtain (3.26), note

that (3.23) implies

1 & I5; sl )
7 2 t—1

Applying k, = Zjvzl s{_l /N and rearranging yields (3.26). O

Lemma 3.2. Let

A(m) = m(1 =) (1 = 7)(1 =) {B(1 = ya)fr + 7(1 = )] = 0(1 =) (1 = 7)(1 — )},
B(m) := m(l —7) {A(1 = ya)lr + 7(1 = )] = (1 = 7)(1 = 7)(1 — )}

+B(1=m) {oa(l =) + (1 = 0)(1 —a)la+7(1 — )]},
C(m) = (1 =) = 7)1 = a){0[1 —m, + (1 —mya)] +mpB(1 = 6)(1 —7a)},

D(m) := B(1 —my.)(1 = 0)(1 —va) + (1 — v)[L — mye + B(1 — mya)].
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If My y > My > 0 for some t, then

b1 A(mig) + Bl
kv C(mygr) + D(myg)

(3.34)

B

Proof. 1f Myy > M; > 0 for some ¢, then one has ;7" bl /N = ij:tlbg/]\/ = b, for
this t. Therefore, by (3.24),

bet1 Joget [ My 5t:| k¢ < 1 ) My
= 1—7)(1 -« + — —(l-a)| ———7
1+ (1—7)( AT el ( )

o VB {(1 _ 7_)(1 _ a) 1 E _ kt+1:| kta M4

1+ ks k | kyvr N

Va3 i1 | M Voo bev1 | Myt
_ 1—a)— 1—)(1— .

T+ 5 {a—i-T( @) ktaﬂ} I +1+5 (1—7)( Oz)—i—kgrl N

Let us substitute the expression for ki1 /k{* from (3.22) into this equation and use m; 1 =
M, 1/N. After rearranging terms, we obtain (3.34). O

Lemma 3.3. Suppose that m € (0,1] and let

O(z) = and ®(z) =z — O(x).

(a) If
L=y  d(1—-7)(1—-0«)

= Batrri—a)l 339
there exists a positive solution to ®(x) = 0. This solution is unique and given by
_ B(m) — C(m) + /[B(m) — C(m)]* + 4A(m)D(m)
e 2D(m) '
Furthermore, we have 0 < ©'(z1) < 1.
(b) If
l—qa _0(1—7)(1—0) 1= _O[(1+5)1—7)(1 - )= o]
= “Batri-a) " 10, Ba-dprrazay 530

a positive solution to ®(x) = 0 does not exist.

Proof. Let us first note that C(m) > 0 and D(m) > 0 for any m € (0, 1]. Hence, equation
®(z) = 0 is equivalent to D(m)z? — [B(m) — C(m)]z — A(m) = 0. The two roots of
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D(m)z? — [B(m) — C(m)]z — A(m) = 0 are

= 2D(m) ’
o Blm) = C(m) - V[B(m) — C(m)]? + 4A(m)D(m)
2 2D(m)

To prove part (a), we note that A(m) is positive for any m € (0, 1] if and only if (3.35)
is satisfied. Given A(m)D(m) > 0, we then have z; > 0 and o < 0. This proves that
under condition (3.35), z; constitutes a unique positive solution to ®(z) = 0. To show
0< O (x1) <1, we use
B(m)C(m) — A(m)D(m)

=Bl —=m)(1 = 7)1 —-7)(1-a)
X {a(l =7e)[0(1 = mw + B(1 = mya)) +mB(1 = 0)(1 — 7a)]

+(1-=0)1—v)[mA—-w(@—-7)1—a)+ (a+7(1 —a))(l —mw+ B(1—m))]} >0.

Then, we have
B(m)C(m) — A(m)D(m)

[C(m) + D(m)z]?

Evaluating this at x = x;, we further obtain that ©’(x;) is equal to the inverse of

O'(x) = > 0.

[B(m) = C(m)* + 4A(m)D(m) + [B(m) + C(m)]/[B(m) — C(m)]* + 4A(m) D(m)

b 2B(m)C(m) — A(m) D{m)

Since C'(m) and B(m)C(m)— A(m)D(m) are positive for any m € (0, 1] and (3.35) implies
B(m) > 0 for any m € (0, 1], the expression in curly brackets is greater than 1, which
leads to ©'(z1) < 1.

To prove part (b), suppose that the first condition in (3.36) holds. Then, we have
A(m) < 0 for any m € (0,1] and so a positive solution to D(m)x? — [B(m) — C(m)]z —
A(m) = 0 can exist only if B(m) — C(m) > 0. Since the first condition in (3.36) is
supposed to hold, B(m) — C(m) > 0 requires

AL =m){oa(l =) + (1 = 0)(1 = )la+7(1 - a)]}

— (1 =7)1 = 7)1 = a){o[1 — my + B(1 = mya)] + mB(1 —0)(1 —7a)} >0
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or, equivalently,

{1—%1_5[(1+5)(1—7)(1—@)—ﬁa]}1—m
11—, Bl =9)a+7(1—a)] m

(1-7)(1 —a)[B —74) +6(1 — )]
Bl —=8)a+7(1— ) ’

For m = 1, this condition is necessarily violated, while for m € (0,1), this condition is
violated if the second condition in (3.36) holds. O

Proof of Proposition 3.1

Suppose that both conditions in (3.11) are satisfied. To prove that there exists 7} such
that M, = N for t > Ty, it suffices to show that (i) M;,; = N holds for at least some t,
and (ii) My = N implies M;,; = N for all ¢ > 0.

To prove that M;,, = N for some t, assume the opposite, i.e., My ; < N for all ¢ > 0.
By (3.24), we have

Ba(l—7)(1—a) k¢ _(1_&)< 1 )

118 ki 115
Ve [ by kt+1:| k¢

- 1— 7)1 —a) 4 & - Dt S
1+ ( ) ) ke k] R
Vil

1+5|:O&+T(1—Oé) bt“}—i— T [(1—7)(1—@)+bt+1 <0,

kgH 1 + ﬁ ktaJrl N

because otherwise M,,; = N, given b/ > 0 for all j = 1,..., N. Hence, equation (3.24)
implies b, /k%, < [Ba/(1+ B)](b] /ki11) for all j and ¢, which in turn implies

Z_)t+1 Fe < Jofer E
k,?H ki — 14+ B kY

Note that since the first condition in (3.11) is satisfied, the right-hand side of (3.26) is
positive and therefore b;/k® > 0 holds for all + > 0. Furthermore, applying (3.26) to
(3.22) gives

ki1 > Ba(l —7.)(1 —74)
ko~ Ba(l =) (1 —7a) + (1 = ) [0a(l = v) + (1 = 6)(1 — a)]

Then, for all ¢t > 0,

bi1 Ba(l = 7)1 = 7a) o Ba b
kit Ba(l =) (1 —7a) + (1 = 7)) [0a(l —7e) + (1 = 8) (1 —qa)] = 1+ Bk
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Using also the fact that the second inequality in (3.11) is equivalent to

Bl =) (1 = 7q) Ba

Ba(l =)0 =) + (L —)ba(l —70) + (1= 01 —70)] ~ 1+ 5’ (3.:38)

we obtain by1/k®, < b/k for t > 0. Taking into account that b;/k¢ satisfies (3.26) for
all t > 0, the sequence {b;/k2}2°, can be monotonically decreasing only if b, /k® converges
to a value that is greater than the right-hand side of (3.26). However, this value cannot
exist because condition (3.37) holding with b,y /k2; = by/k{ contradicts (3.38).

Let us now prove that M; = N implies M;,; = N for all £ > 0. Assume the opposite,
that is, M; = N implies M;,; < N for some t. It follows from M; = N and equation
(3.23) that )

b Bl —vd)la+7(l—a)] =601 — )1 —7)(1 —a)

ki Bl —7a) + (1 =) ‘
We know that condition M;;; < N requires (3.37) to hold. Applying (3.39) to (3.37)
yields

(3.39)

bit1 Ba(l — )1 —74)
kit Ba(l —7e) (1 —74) + (1 — ) [6a(l — ) + (1 = 6)(1 — va)]
Ba Bl —ya)la+7(1-a)] =6(1—-)1-7)(1-a)
T 1+p Bl —vq)+6(1 =)

Since (3.26) must be true for all ¢ > 0, the last inequality together with (3.26) imply

Ba(l —7.)(1 —74) < _Ba
Ba(l =) (1 —7a) + (1 = y)0a(l —7.) + (1 =0)(1 —7a)] — 1445

Again, this contradicts condition (3.38), which is equivalent to the second condition in
(3.11).

We are left to prove (3.12), (3.13), lim; s{/k:tﬂ =1, and lim;_, b{/l_)t = 1. From
M,; = N for all t > T} and (3.23), it holds that

V> T b _ Bl—qa)la+7(l—a)] =61 — )1 -7)1-a)

kg Bl —7a) + (1 =) ’
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which proves (3.12). Substituting this expression for b;/k§* and byq/kf,, into equation

(3.22), we obtain (3.13). Furthermore, by (3.24), we have

_ B bk kY
S b 1 BER by kg by

+{ b 10— i — a) L —(1—04)(1#—7)

1+ 5 Foos e
30 )+ - ]
_17iﬂﬁ :oz+7-(1_a)_lz}:j
+1ZS5 :(1_T>(1_Q)+ZZTEH§EXE’ 1N

Taking (3.12) and (3.13) into account leads to

W>T1:%Z{l_1—(51—%{1—1—5(1—04)1—%_ o _1—%1}}13_{
- bii1 14+81—14 1—90 1= 1=0 1—=7.1]]J b
1—(51—'yw{1—|—ﬁ(1—a)1—'yd_ da _1—%1} 4
14+81—y 1—90 1—7 1-=60 1-—7.]’ T

N

Applying the second condition in (3.11), we prove lim; b /b, = 1. Finally, combining

(3.25) and lim;_, b{/l_)t =1, we prove lim;_, s{/k’tﬂ =1.

Proof of Proposition 3.2

]

Suppose that the first condition in (3.14) holds. To prove that there exists a date T, such
that M; = 0 for all t > T, we first show that M;,; < M, for all ¢ > 0. Assume the
opposite, i.e., My,; > M, for some t. Then, there must exist h such that b" = 0 and

b, > 0. By (3.24), this implies

fa(l—7)(1 —a) k¥ 1
1+ 8 kt+1_(1_a)<m_7—>

YePax [ by kt+1:| kg
- | 7)1 —a) 4 b B R
1+ 3 ( N ) ke ki | ke

b [oﬁ—T(l—a)—th}—i— Yo [(1—7’)(1—04)—1—bt+1 >0,

145 kel 1A B
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so that b{H >0 forall j=1,...,N, given b/ > 0. Consequently, by (3.23),

b BA—qg)la+7(1—a)] =61 — %)L —7)(1 - )
ki B —7a) +6(1 — 1)

, (3.41)

where the right-hand side is negative when the first condition in (3.14) is satisfied. This
contradicts b{H >(0forall j=1,...,N.

Similarly, let us show that M; < N for all t > 0. If M; = N for some ¢, equation
(3.23) results in

b BA—va)la+7(1—a)] =61 — %)l —7)(1 - o)

K Bl —7q) +6(1 — ) ’

where, again, the right-hand side is negative when the first condition in (3.14) is satisfied.

This is not possible because b/ > 0 for all j and ¢.

Thus, we deduce from M;,; < M; < N for all t > 0 that there exist M and T, such
that M, = M < N for all t > T5.

Suppose now that the second condition in (3.14) also holds. Let us show that M = 0.
If M > 0, we can apply Lemma 3.2 and write

where m = M/N. Then, for M > 0, this difference equation must have a positive station-
ary solution. However, from part (ii) of Lemma 3.3, we know that for given m € (0, 1),
this solution does not exist when the second condition in (3.14) is satisfied. Therefore,

M = 0 is the only possibility.

To complete the proof, we note that equation (3.15) is obtained by simply applying
by = by = 0 to (3.22). Furthermore, using (3.25) and setting b, = b}, = b; = b1 = 0,
Wegets{:ktﬂfortZTQandjzl,...,N. O]

Proof of Proposition 3.3

Suppose that both conditions in (3.16) hold. We first show that M, < M, for all ¢t > 0.
Assume the opposite, i.e., M;.1 > M, for some t. From the proof of Proposition 3.2, we
know that (3.40) and (3.41) must be satisfied. Substituting for b, /kg,; from (3.41) into
(3.22) yields

Kev1 (1—=0)(1 — ) -] e
kf‘_Hﬁ@z(l—w)%a(l—%)l—%] [(1 i ka‘
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Substituting this expression for ky1/k and (3.41) for by /k$,, into (3.40), we obtain

B —a)la+7(1 - )] —0(1 — 7)1 —7)(1 - a)
B —7a) +6(1 =)
E 6(1 _5)(1 _%J)
Tk {1 TAF BT -0~ DB - 7a) + 61— )]

" 1—7d_1+5(1—04)1—7d+ oo
1—7, 1—9 -7, 1-6])

It follows from the second condition in (3.16) that the expression in curly brackets is
positive. Using (3.26) together with the first condition in (3.16), we further obtain
l—qa 1481 -a)l— oo

<0
1—, 1-96 1—fyw+1—5 ’

which contradicts the second inequality in (3.16).

Let us also show that M; > 0 for all £ > 0. Assume the opposite, i.e., M; = 0 for

some t. Then, we have b, = 0 for this ¢ and equation (3.23) implies

5F%$+Tu—®]—wﬁm+ﬂ1—wkﬂﬂ—mﬂﬂ—ﬂﬂ—ahgxj=L~wN

Consequently, using k; = Zjvzl s]_, /N, we obtain

1~y _ 6(1L-7)(1-a)
1_’7w N 5[0&—{—7’(1—04)]7

which contradicts the first inequality in (3.16).

Summing up, we have shown M;,; < M; and M; > 0 for all £ > 0. Hence, there exist
M and S such that M; = M >0forallt > S.
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Next, we prove that there exists a date T3 > S such that b{ 1/ bip1 = b{ Jbyyy fort > Ty
and j < M. Using equation (3.24), we can write

Vt> S by _ _Ba bk K B
- biyr 1+ Bk by ki by

+{15+0‘6(1_7)(1_a)k’fl ~(1-a) (ﬁ—T)

Ve [ Bt k/’t+1] k?

— 1-771—-a)+ — — —| — 3.42
1+ 5 ( ) ) kg ke | i ( )
Wdﬁ [ Bt-{-l]

— a+7(l—-a)—

Ve [ bt+1]} ktaﬂ .

+ l—-7)(1l—a)+—|=—, j=1,..., M.

1+ _< ) ) ki bi 1 J

At the same time, Lemma 3.2 implies

7 A(m +Bm;;
o, b Al B
e~ Clm) + D(m) s

where m = M/N, and part (i) of Lemma 3.3 further implies lim;_ o, b;/k® = b(m). By
(3.22), we therefore have lim;_,o kiy1/k = s(m). Tedious calculations show that if the

first condition in (3.16) is satisfied, the following relationship holds for any m € (0, 1]:

1%% -1
o %(1—7)(1—a)ﬁ—(1—a) (ﬁ—f)
~ 2211 = )1 = ) +blm) = stm)] s = T4 [+ 7(1 - 0) = b{m)
gl =10 —a) 4 bm)] <0
e B = e

Then, there indeed exists a date Ty > S such that b, /b,y = bl /by for t > Ty and

J < M, because otherwise lim; ., bg / b, = +o00 for j < M. As a consequence, we obtain

Vt>Ty: bl /by=1/m, j < M; bl =0, j> M, (3.43)
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and therefore, by (3.25),

s 1—m (6 b, 1—08bur\ .
‘v’t>T:—t:1—|——< L A , 1< M 3.44
=3 kt-}—l m kt-}—l k? (e} kf?+1 ] - ( )
and . _ _
J a _
Vit > Ty St Ok b 1-9 bt“, > M, (3.45)

ko ke ki o kg
which proves (3.17) and (3.18) if M = n.

Finally, let us show that M = n or, equivalently, m = n/N. By (3.10), if b} = 0 for
some t, we have b{ = 0 for all 5 and this ¢, which is impossible since M; > 0 for ¢ > 0. We
thus have b > 0 for t > 0. Then, s", > s"1! together with b7 > 0 implies, by (3.23), that
by > by, Similarly, b > byt together with b, > 0 implies, by (3.24), that by, > b}

for all t > 0, so we can write

VE>0: bf = = b > b > >,
On the other hand, we know from (3.43) that

VE>Ty: bl = =M > oM = =N

and therefore M = n is the only possibility. This completes the proof of Proposition 3.3. [

Proof of Equation (3.19)

It follows directly from the definition of function s that

9s(n/N) _ da(l —~e)lda(l =) + (1 = 0)(1 —7a)][0b(n/N) /0T — 1 + o

or  {da(l =) + (1= 0)(1 —ya)la +7(1 — @) — b(n/N)]}?

Furthermore, it follows from the definition of function b and 0D(n/N)/0T = 0 that

db(n/N)  b(n/N)[0B(n/N)/dr — dC(n/N)/0r] + dA(n/N) /0T

or — \/IB(n/N) - C/N)P + 4A(n/N)D(n/N)
N—-n Bl=7)1=08)+61=7)1+25)
N \/IB(n/N) — C(n/N)] + 4A(n/N)D(n/N)
B(1— 7)1 = D)o+ 7(1—a)] +6(1 - )Ba— 1+ A1 -7)1-a)]  (n
* { B —7a) (1 —8) + (1 — 7)(1 + B) ’ (N>}‘

=l—-a+(1-a)

Using the relationship between s(n/N) and b(n/N), it is straightforward to verify that the
expression in curly brackets is positive if and only if s(n/N) < Ba/(1 + ), and we know
from the proof of Proposition 3.3 that this condition is satisfied for any n € {1,..., N} if
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both conditions in (3.16) hold. Thus, we obtain that (3.19) is true whenever conditions

of Proposition 3.3 are satisfied.

Proof of Equation (3.21)

Let us first show that

lim L1 n
i Nk N
1= yg2) 4 5(1 — 2
_ [b <%) _T(l_a)] B( WN)ﬁa (I —x) (3.46)
—|—T(1—O¢)N]; nﬁg{—j+%%/@a+5(1ﬁ;a)(l—%) _%‘

Using (3.23), we can write

s/
a——+7(1 —a)
ki

) 1 3 5
bt+1:NZ{5+5 _T(1_7)<1_a)

j=1

vaf [ Bt+1:| %;5 { Bt+1:| a
— a+7(l—-a)— + 1—7)1—a)+—| pkiii,
0+ ( ) kg, 0+ 5 ( ) ) ki e

which, after rearranging, becomes

Z;w:tlﬂ 5! _ |:Bt+1 _ 7'(1 _ a)] ﬁ(l - ’Ydmt+1) + 5(1 - %mtﬂ)
th+1 kta+1 BO‘
0 (1 — 11—,
§48 gt 0(— )1~ )
Ba Ba

From Proposition 3.3, we know that M; = n (or my = n/N) for all t > T3 and
limy o0 by /K& = b(n/N), leading to (3.46).

Since the right-hand sides of (3.46) and (3.20) must be equal to each other, the right-
hand side of (3.20) increases with 7 if and only if

+7(1 = a)(1 —my)

ab(n/N)_H& 5(1_7d]£v>+5(1_%u%)+ N-nB+6

or Ba (1-a) N B« >0,

which is equivalent to (3.21).
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Abstract

This dissertation examines how environmental and public (social security) policies and/or
their effectiveness can be affected by individual motivations, political considerations, and
social interactions.

The first chapter studies the interplay between individuals’ warm-glow-driven environ-
mental efforts and public environmental policy. Using a growth model with environmental
quality as a public good, I show that without government intervention, the strength of
warm glow reduces output but improves environmental quality in the long run. When the
government intervenes, however, the warm-glow strength has a negative long-run effect
on both variables. This suggests that advocating for private actions may be counterpro-
ductive for future sustainability when public policies are in place.

The second chapter, co-authored with Gerhard Sorger, studies the implications of
political pressure for optimal climate policy. A key feature of the proposed model is its
ability to capture dynamic inconsistency in policy implementation. Our findings offer a
new rationale for why green lobbying can make pollution regulation less stringent. We also
show that political pressure from the polluting sector leads to a higher rate of clean energy
investment chosen by the government and can shift the energy mix towards renewables
in the long run.

The third chapter, co-authored with Kirill Borissov, examines the aggregate and dis-
tributional effects of unfunded social security. In our model, individuals’ decisions are
subject to social comparisons, which can result in zero bequests left within poor families.
In this case, unfunded social security increases long-run wealth inequality. However, it
also increases the long-run capital stock, contrary to the cases where none or all families
leave bequests. This highlights the importance of accounting for heterogeneity in bequest
behavior when analyzing social security.

Overall, the findings of this dissertation can inform the design of forward-looking

policies that address sustainability challenges due to climate change and population aging.
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Zusammenfassung

Diese Dissertation untersucht, wie Umwelt- und Sozialpolitik (insbesondere die Sozialver-
sicherung) und/oder deren Wirksamkeit durch individuelle Motivationen, politische Er-
wagungen und soziale Interaktionen beeinflusst werden kénnen.

Das erste Kapitel analysiert das Zusammenspiel zwischen den durch ein “Warm-Glow’-
Motiv getriebenen Umweltanstrengungen von Individuen und der offentlichen Umwelt-
politik. Anhand eines Wachstumsmodells, in dem Umweltqualitdt ein o6ffentliches Gut
ist, zeige ich, dass in Abwesenheit staatlicher Eingriffe durch den Warm Glow das Pro-
duktionsniveau sinkt und die Umweltqualitat steigt. Greift jedoch der Staat ein, hat eine
stiarkere Warm-Glow-Motivation langfristig negative Auswirkungen auf beide Variablen.
Dies deutet darauf hin, dass die Férderung privater Mafnahmen kontraproduktiv fiir die
zukiinftige Nachhaltigkeit sein kann, wenn 6ffentliche Politiken bereits existieren.

Das zweite Kapitel, gemeinsam mit Gerhard Sorger verfasst, untersucht die Auswirkun-
gen politischen Drucks auf die optimale Klimapolitik. Ein zentrales Merkmal des vorge-
schlagenen Modells ist seine Féahigkeit, dynamische Inkonsistenz in der politischen Umset-
zung abzubilden. Unsere Ergebnisse liefern eine neue Begriindung dafiir, warum griines
Lobbying zu einer weniger strengen Regulierung von Emissionen fiithren kann. Wir zeigen
auferdem, dass politischer Druck aus dem verschmutzenden Sektor zu einer héheren
staatlich gewéhlten Investitionsrate in saubere Energie fiihrt und langfristig den En-
ergiemix zugunsten erneuerbarer Energien verschieben kann.

Das dritte Kapitel, gemeinsam mit Kirill Borissov verfasst, untersucht die aggregierten
und verteilungspolitischen Auswirkungen einer umlagefinanzierten Rentenversicherung.
In unserem Modell unterliegen individuelle Entscheidungen sozialen Vergleichsprozessen,
was dazu fithren kann, dass arme Familien keine Erbschaften hinterlassen. In diesem
Fall erh6ht die umlagefinanzierte Rentenversicherung die langfristige Vermogensungleich-
heit. Gleichzeitig steigt jedoch auch der langfristige Kapitalstock — im Gegensatz zu
den Féllen, in denen entweder keine oder alle Familien Erbschaften hinterlassen. Dies
unterstreicht die Wichtigkeit, bei der Analyse von Rentensystemen die Heterogenitat im
Erbschaftsverhalten zu beriicksichtigen.

Insgesamt konnen die Erkenntnisse dieser Dissertation zur Gestaltung zukunftsori-
entierter Politiken beitragen, die den Herausforderungen der Nachhaltigkeit durch den

Klimawandel und den demografischen Wandel begegnen.
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