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Abstract

Abstract

This thesis is devoted to studying portfolio choice and cross-section of returns in three
different frameworks.

In the first chapter I study the impact of a global cap-and-trade system for green-
house gas emissions on financial markets. Firms face shrinking caps on their emissions
and can reduce these emissions by installing a cleaner technology. Two main results
are obtained. First, producers that have lower emissions at the start-up date have
consistently higher expected returns on equity. Second, the higher the fraction of free
permits and the reduction in the emissions after installment of the cleaner technology,
the lower the spread between returns. [ obtain preliminary empirical results that
support the implications of the model.

In the second chapter I study the relation between fees and performance in the U.S.
mutual fund industry. I show that not only risk-adjusted before-fee return (alpha)
but also its volatility (sigma) have significant impact on fees and fund flows. Three
novel results are obtained. First, the level of fees is positively related to both alpha
and sigma. Second, the change in fees is positively related to sigma before 2000 yet
negatively after 2000, and is negatively related to alpha. The latter result may seem
counterintuitive, and I further show that increase in fees is followed by improved
performance. Finally, fund flows depend positively on sigma. I rationalize these
results in a simple model.

In the third chapter I study optimal labor, consumption, training and portfolio
decisions in a life-cycle model with human capital and wealth accumulation. The agent
can increase his future earnings by augmenting the human capital through training
and learning-by-doing. It is shown that the levels of wage income and the shape of
wealth can be matched to the data, while the share of risky asset in the portfolio
exhibits an inverse U-shaped form.
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Introduction

Introduction

In this thesis I study optimal individual choice, including portfolio choice, in three
distinct frameworks. In each of three chapters I consider different economic stories, yet
my main aim is to find the impact of fundamental or idiosyncratic risks on portfolio
choice. In the first chapter I study riskiness of firms under a cap-and-trade system.
In the second chapter I show the influence of higher moments of risk-adjusted returns
on mutual funds decisions. In the third chapter I derive optimal portfolio allocations
in the case of endogenous human capital accumulation.

In the first chapter I study the impact of a global cap-and-trade system for green-
house gas emissions on financial markets. The analysis is conducted using a general
equilibrium production economy with two countries. One of the countries (developed
country) introduces the system from the very beginning while the other country (de-
veloping country) can join it later. Firms in the first country are divided into two types
with either high or low emission levels. Therefore, this setup allows me to study both
cross-country and within-country differences. Producers face shrinking caps on their
emissions and can reduce these emissions by installing a cleaner technology. Three
main results are obtained in this setting. First, producers that have lower emissions
at the start-up date have consistently higher expected returns on equity. Second, this
return spread depends on the fraction of emission permits given for free, and on the
efficiency of the cleaner technology. The higher the fraction of free permits and the
reduction in the emissions after installment of the cleaner technology, the lower the
spread. Further, T show that if the second country joins the cap-and-trade agreement
at the start-up date, and if it is given a high enough number of permits, both countries
are better off in terms of consumption streams. But they might be worse off in terms
of emissions after taking into account the long-lasting impact of the greenhouse gases.
So, I derive the level of permits that makes the second country break-even in terms
of consumption stream and show that this level leads to higher long-term emissions
than in the case of the first country with caps only. The results are stable to a range
of parameters. I obtain preliminary empirical results that support the implications of
the model.

Second chapter is devoted to the study of the relation between fees and perfor-
mance in the U.S. mutual fund industry. I consider the relation between fees, fund
flows, risk-adjusted performance ("alpha') and its volatility ("sigma"). I find several
novel empirical facts. First, the level of fees is positively related both to alpha and
sigma. Second, fund flows increase both in sigma and alpha. I also show that when
funds alter their fees, this change impacts fund flows: increase in fees leads to lower
fund flows for the next one to three months, and reduction in fees lead to higher fund
flows. Third, I show that the change in fees depends positively on past sigma before

11



Introduction

2000 but depends negatively on past sigma starting from 2000. Moreover, the change
in fees depends negatively on past alpha. The latter result may look counterintuitive
as it means that the funds with lower past performance increase fees. To investigate
it further, I show that increase in fees is followed by a better performance with re-
spect to the last year. Yet this result is a time-series one: in the cross-section, funds
that increase fees do not show improved returns in comparison to their competitors.
Finally, I rationalize the results in a simple model.

In the third chapter I study optimal labor, consumption, training and portfolio
decisions in a life-cycle model with human capital and wealth accumulation. The agent
can increase his future earnings by augmenting the human capital through training
and learning-by-doing. The framework allows for retirement capital and i.i.d. process
for employment and assumes two types of agents: constrained, who cannot invest in
risky stock, and unconstrained. It is shown that the levels of wage income and the
shape of wealth can be matched to the data, while the share of risky asset in the
portfolio exhibits an inverse U-shaped form. Two special cases in which the agents
either invest half of the wealth into risky stock or work for half of available time are
studied.

All remaining errors are mine.

12



Chapter 1: Financial Markets and Cap-and-Trade System in a General Equilibrium Model

1. Financial Markets and Cap-and-Trade System in
a General Equilibrium Model

1.1. Introduction

"Global warming" and a "green economy" have become hot topics in recent years.
While there is a huge debate on the ability of economic models to forecast the future of
climate change (see, e.g., Ackerman et al. (2009); Bansal and Ochoa (2009a, 2009b);
Newbold et al. (2009); Rabl and van de Zwaan (2009); Weitzman (2009a, b, c)), there
is little doubt that over time both U.S. and developing countries will join a protocol to
reduce their emissions. Although developing countries, like China and India, oppose
this type of plan due to the harm it might do to their growth prospects, it seems
highly likely that, at some point, they will join a Kyoto-type agreement. As Carey
(2010) puts it:

OECD (2009) analysis ... suggests that, in the absence of participation by the
United States and any other large emitter, it would be difficult to form a coalition of
countries and regions capable of achieving the ...[emission] target by 2050 through a
single (coalition-wide) feasible carbon price without mitigation costs becoming very high
and would be physically tmpossible if neither the United States nor China participated

(other countries would have to have negative emissions).

Under a cap-and-trade system every participating country agrees to reduce the
emission of greenhouse gases (GHG), mostly CO,, during a given period of time that
is usually two to four years. Under this system, firms are given a limited amount
of free permits to emit and if they exceed this limit they have to buy additional
allowances to cover their emissions either from other firms involved in the system or
from the government. Other ways to reduce emissions include offsets (investing in the
reduction of emission outside the country) or the installment of cleaner technology,
for example, cleaner fuel. Firms that do not meet the target must pay a fee that can

be as high as $100 per ton of carbon (while the market price of permits is around
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Chapter 1: Financial Markets and Cap-and-Trade System in a General Equilibrium Model

$20 per ton of carbon). The ultimate goal of the cap-and-trade system is not only
to reduce emissions but also to stabilize the concentration of C'Os in the atmosphere
at acceptable levels. The cap-and-trade system is the most often used mechanism to
implement C'Oy emissions reduction: it is proposed in the U.S. and constantly used

in Europe.

While most of the research focuses on the economic implications of the introduction
of caps on greenhouse gases, little deals with the financial implications, and none
addresses financial markets and technological improvements simultaneously. The goal
of this chapter is twofold: to link financial markets with a cap-and-trade system and
to introduce technological choice for the firms. To my knowledge, I am the first to
try to develop a theoretical model that addresses these two questions in a unified

framework.

There exist a link between climate change and asset allocation. As recent Mercer
(2011) report shows, climate change would have very different impact on different
asset classes and geographic regions. Thus, strategic investors could take it into
account, and their portfolio composition should reflect additional risk arising from
uncertain climate scenarios. My study addresses some of the fundamental risks a firm

participating in a cap-and-trade system faces.

There is a stream of literature that estimates the economic effects of a cap-and-
trade system (or, in general, the carbon emission permit-trading system) on economic
variables in a computational dynamic general equilibrium setting. Papers of this type
include McKibbin et al. (1999), Bosetti et al. (2006, 2008) and OECD (2009). These
papers investigate the implications of delays and uncertainties in the participation of
developing countries in a climate agreement. Another stream of literature discusses
the difference between alternative mechanisms of emission cap introduction and their
relation to technology diffusion, e.g., Baker et al. (2008) and Coria (2009). Based
on the latter, I concentrate on permit markets and ignore other types of emission

mechanisms like a carbon tax.

Bansal and Ochoa (2009a, 2009b) introduce temperature risks with long-term im-
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Chapter 1: Financial Markets and Cap-and-Trade System in a General Equilibrium Model

pacts on the prices and returns of financial assets. They incorporate small-probability,
high-damage events into the Bansal and Yaron (2004) framework and show that the
model is able to match consumption dynamics and moments of financial variables. The
authors also estimate expected loss from disasters in terms of consumption. Weitz-
man (2009a, b, ¢) shows that if one attempts to quantify the damage born by small-
probability disaster events, one observes that the distribution of the probability of
these events might have fat right tails and it might be beneficial to start investing in

carbon emission reduction immediately.

This chapter also builds on asset pricing in a production economy framework (e.g.,
Jermann (1998); Boldrin et al. (2001); Balvers et al. (2007); Gomes and Michaelides
(2008); Belo (2010); Campanalea et al. (2010)) and has a relation with international
finance literature because I study a two-country model (e.g., Ravn et al. (2006);

Pavlova and Rigobon (2007); Heyerdahl-Larsen (2010); Grishchenko (2010)).

Further, there are several recent empirical papers on the implications for financial
markets and economic performance of a cap-and-trade system. Oberndorfer (2009)
and Veith et al. (2009) study the relation between returns on equity for an electric-
ity /power sector and the price of emission permits in the EU-ETS market. They show
that there exists a positive relation between the two and that the relation is country
and time dependent. This relation might provide some evidence that investors expect
the increase in electricity prices to compensate for the higher costs of production.
However, the EU ETS market lacks stationarity during this period (see Figure 1.1)
and, thus, these studies might lead to spurious regressions. Bushnell et al. (2009)
provide a case-study of the April 2006 decrease in value for almost all power plants
following an unexpected crush in the price of permits. They show that the cleanest
firms in the industries, which were net short-long in permits, experienced the deepest
decline; while the firms with the most allowances in the industries, which were net long
in permits, were most harmed. Martin et al. (2009) estimate the impact of two types
of regulation for carbon emissions in the UK. They observe no significant difference

for economic growth between firms taxed for their greenhouse gas emissions and firms
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Chapter 1: Financial Markets and Cap-and-Trade System in a General Equilibrium Model

that participated in a cap-and-trade system. In a study of NO, gas regulation in
the U.S. during the late 90s to 2004, Fowlie (2010) shows that asymmetric regulation
leads to a worse outcome than a more uniform one would: a larger share of pollution
was made in states with the worst air quality. This result raises the question of the

optimal regulation for the polluters.

In this chapter, I consider a two-country model with four economic sectors and
the installment of clean technology. I assume that one of these four sectors produces
fuel (oil or coal) that is supplied to the second sector, power plants. Electricity
produced in the latter is then used in the production of both consumption goods
and investment goods. I start by imposing the cap on the emission of power plants,
which seems to be the most plausible scenario under current U.S. regulation. It is
assumed that the developed country introduces the cap from the very beginning, and
the developing country joins the system later. Two components allow me to produce
a plausible risk premium. First, consumers in the model have (deep) habit formation
as in Ravn et al. (2006). Second, there exist frictions in the capital market that make
the supply of capital not perfectly elastic; and also in the labor market that prevent
firms from rebalancing their labor demand immediately after the realization of current
productivity shocks (Jermann (1998); Boldrin et al. (2001)). These features do not
allow the agent to smooth the labor supply and help to produce a high risk premium.
The model replicates several of the main asset-pricing and macroeconomic statistics
of the data such as the risk premium, risk-free rate, labor supply, and consumption
growth volatility. In the case with the introduction of a cap-and-trade system in
the developed country only, I show that the "cleaner" firms (firms with the lowest
initial emissions) have higher expected returns. This cross-sectional result is the
implication of the more pro-cyclical cash flows of a cleaner firm. During a boom
(higher productivity) it has to buy less permits (or can sell more permits) than a
"dirtier" firm and, hence, has higher cash flows. In a recession, both cleaner and
dirtier firms decrease their production and spend less on permits but this decrease

is lower than the increase in a boom. The higher correlation of cash flows with the
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Chapter 1: Financial Markets and Cap-and-Trade System in a General Equilibrium Model

stochastic discount factor means higher risk and thus higher expected returns.

In addition, I study the dependency of the return spread between cleaner and
dirtier firms on the fraction of emission permits given for free (the rest is auctioned),
and on the efficiency of the cleaner technology. I show that two results hold. First,
the higher the fraction of free permits, the lower the spread. Second. the lower the
reduction in the emissions after installment of the cleaner technology, the higher the

spread.

When the developing country joins the system, the cross-sectional results are pre-
served but I have additional considerations. First, what should be the initial al-
lowances given to the developing country? If the number of permits is low, there is
no incentive for it to join the system because it might only reduce its growth. On the
other hand, if the number of permits is high then there is no reduction in emissions
initially. I derive the level of permits that makes the developing country indifferent
to joining or not joining and show that even this level leads to a higher cumulative

emissions than the baseline case.

I attempt to find empirical support for my model and provide some preliminary
results. It seems that the results are in line with the predictions: net buyers of
permits have lower realized returns than the net sellers, and market betas for the
former decrease more after the introduction of a cap-and-trade system. Moreover,
correlation of realized returns with consumption growth is higher for the net sellers

of permits.

The structure of the chapter is as follows. In Section 1.2, I describe the model and
discuss the solution strategy. Section 1.3 contains the parameters of calibration of
the model, and section 1.4 contains a discussion of the results. Preliminary empirical
results are reported in section 1.5. Section 1.6 concludes. Appendix 1.7 provides
solution of the model, and Appendix 1.8 contains the proof for the optimal installment

of the cleaner technology.
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Chapter 1: Financial Markets and Cap-and-Trade System in a General Equilibrium Model

1.2. The Model
1.2.1. Firms

I consider a production economy with two countries and representative consumers in
each country. Country A represents developed countries, and country B represents
developing countries. Each country has four sectors in its economy. The first (con-
sumption sector) and second (investment sector) consist of one representative firm
each that produces consumption and investment goods, respectively. There are two
consumption goods produced; one in country A (good A) and the other in country
B (good B). These two sectors play the key role in the creation of the risk premium.
Following Boldrin et al. (2001), I assume that the choice of capital and labor in
both sectors for the next period occurs before the realization of the current shock
to productivity. Because of that, capital supply is not perfectly elastic and thus the
volatility of the return on capital is high. Similarly, labor frictions prevent smoothing
in consumption and help to produce a high-risk premium. The third element of the

risk premium creation is the deep habits in consumption.

The third sector (electricity sector) of country A consists of two firms that differ
in their ability to capture C'Oy and other GHG, but there is only one firm in the
respective sector of country B. Firms in the electricity sector produce electricity that
is used in the consumption and investment sectors. The fourth sector (fuel) provides
fuel to the third sector. I assume that the investment, electricity, and fuel sectors are

all local and there is no global trading of the goods produced in these sectors.

The economy has an infinite horizon and quarterly periods, and I assume that all
the dynamics in emission caps and technology installment take place in the first 45-
year period. Thereafter, the economy is the same from the emission caps perspective:
there is no change in emission functions, no change in caps, and cleaner technology
installment is free. This assumption simplifies my analysis while leaving me enough

freedom to study the effects of interest.

Consumption-good and investment-good firms produce via a production function
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Chapter 1: Financial Markets and Cap-and-Trade System in a General Equilibrium Model

of the form

Gilag, 1) = al (Zi1,) 0009 4 — (A B}t =1,2,3..., (1)

where [; is the labor supply, k; is the capital stock, and a; is the amount of
electricity used by the firm ¢. Z! is the productivity of the firms in country i and

follows the mix of a zero-mean AR(1) process and deterministic growth:
Zi = 2}, i = {A, B}, G = poGioy + by e ~ N(uj, o). (2)

I assume that country B grows faster on average: u? > ut. Note that at time 1,
el h g a proxy for the relative size of two economies. After year 45, growth rates

are set to be equal and the two economies are assumed to be generally equal in size.

Both labor and capital are chosen before a shock at time ¢. This choice means
that both production factors are immobile and can not be immediately reallocated to
the other sector. I denote, by ki, I)¢, i = {A, B}, the capital and labor used in the
consumption sector at time ¢ and, by kﬁl, l{fl,i = {A, B}, the capital and labor used

in the investment sector at time ¢.

Electricity in both countries is produced using similar decreasing returns to scale

technology, but with only one production factor (e.g., coal or oil):

ANOy) = M0, i ={A,B},j = {c,d},t =1,2,3..., (3)

where Oy is the amount of fuel used to produce electricity and pi* is the growth
rate for utilities’ output. Lower index j = {c,d} denotes a cleaner or dirtier firm,
respectively. The fraction of clean utilities at country 4 is N’ and the fraction of dirty
utilities is 1 — N*. The growth rate is chosen in such a way that the steady state

growth in the case with no caps in country i = {A, B} is equal to pu} .

Also, one representative fuel producer in each country provides fuel to utilities and

!Namely, I choose pi* = pui(1 — v, + agr)/(1 + ag).
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maximizes one-period profits %:

GL(0y) = pPO; — coO; T, i={A,B},j={c,d},t =1,2,3..., (4)

where p? is the time-t price of fuel, O; is the total amount of fuel extracted and

co 1s the cost of extraction.

1.2.2. Consumers

In country i = {A, B}, the endowment of a representative consumer at time 0 is one
share of each of the firms in country A. At each period ¢, the agent maximizes the
expected utility from leisure and consumption, and allocates the total available time

of one among leisure and working for the two firms: consumption and investment.

I borrow arguments from Kiley (2010) that the separable-habit-formation utility
function best explains the U.S. consumption data. Consumer’s preferences are sepa-

rable in consumption and leisure and exhibit "deep habits", as in Ravn et al. (2006):

U(CiAv CiBa lz) = lOg(CiA - bciél) + 1Og(CiB - bciﬁl) + 10g<1 - lzlf)7l = {A7 B}7

where cij is time-t consumption of agent 7 of the good produced in country j, and

It is the total labor supply.

I introduce labor into this model to generate business-cycle implications, including
macroeconomic moments for the labor supply, consumption, investment, and output.
It is well-known that the introduction of labor complicates the solution of the model
and thus places a higher burden on the ability of the model to match business-cycle
behavior. I assume capital market frictions to generate a not perfectly elastic capital
supply and increase volatility in capital gains necessary to produce high volatility in
the return on equity. Habit formation allows me to produce a high risk premium and

a reasonable risk-free rate.

2Note that I assume no difference in the fuel that is used by electricity generators and rather

model the emission as the exogenously given coefficient of a plant’s technology.
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1.2.3. The Cap-and-Trade System and Cleaner Technology Installment

In this section, I introduce the concept of a cap-and-trade system. Namely, it is
assumed that there are caps on the emissions of an electricity-producing firm (and,
in some specifications, on investment good producers). These caps are set by the

government and are exogenous to the firms.

If there is a cap €] on the emissions from a firm j € {c,d} of a country i € {A, B},
and if the price for permits to emit more than this fixed amount is ¢;, then the profit

of the firm is given by

T = pfl’iAz»(Ot) —pl*o, — qt(HijA;-(Ot) — e/) — clean technology cost,  (5)

where pfl’i is the price of electricity, and 0% is the coefficient capturing higher or
lower initial emissions. Without loss of generality, I assume that the emissions are
proportional to the total output of a firm with the constant coefficient 6% (if the firm
does not install clean technology) 2. T assume that the number of initial permits equals
a fraction of the initial emissions, and I denote this fraction f. This fraction means
that the firm has f X emission free permits at the initial date and the number of them
available for free decreases by a factor of e’® each period; here €7 is an exogenously
given rate determined by the government. Because there is growth in the economy,
the number of permits decreases even faster in real terms absent a cleaner technology

installment.

Now I introduce cleaner technology. This technology allows a firm to decrease
emissions by a factor of e forever. If the firm installs cleaner technology in some

period and its previous emissions are y, then its new emissions become
g==. (6)

There is a cost  to install cleaner technology. In the current version I consider the

3The choice of the emission function only changes ¢; because I may consider any increasing
function of output and solve for optimal production level; this would only change price of permits

and will not change qualitative results for production
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cost x proportional to the total emissions of a firm; this cost, in general, depends on
the company, country and period. Consistent with the empirical evidence, I assume
that this cost (27, j € {c,d}) decreases over time. I am ambivalent about the actual
comparison of costs for dirty and clean firms and set them to be equal among electricity

producers in the baseline model.*

I assume that firms play a Nash equilibrium for the clean technology investments.
Subsection 2.6 provides a simple example of these decisions in a two-period model. I
show in subsection 2.4 that the problem of the cleaner technology installment can be
rewritten to become Markovian (time is an additional state variable). Moreover, the
derivation shows that, in equilibrium, firms invest only if they observe a high enough

price for permits (threshold strategy).

If country B joins the agreement, its endowment is the same number of emission
permits as one of country A. I relax this assumption in the extension of the model
to the extent that the level of permits is enough to make country B indifferent to
joining or not joining the agreement. This assumption has another impact: country
B becomes a net seller of permits in the early periods and a net buyer in the later
because the firms in B consider it to be expensive to install in the early periods. This
result is very plausible because there is greater concern and motivation in developed
countries for clean technology improvement than there is in developing countries,

which concentrate on economic growth.

1.2.4. The Firm’s Maximization Problem

I consider competitive firms that take state prices, permit prices and wages as given.

A filtered probability space (2, F, [Fy;t = 0,1, ...], P) represents uncertainty gen-

erated by production shocks in countries A and B. All the stochastic processes are

*Martin et al. (2009) find almost no difference in indirect measures for these costs in UK data;
Fowlie (2010) shows that the costs in the case of NOx emissions are almost the same for the cleaner
and dirtier power plants and seem to be higher for the dirtier ones. In our setting, higher costs for

dirtier companies lead to even stronger results.
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assumed to be adapted to [Fy;t = 0,1, ...]. Tassume that all processes and expectations

are well-defined and satisfy necessary regularity conditions.

I assume that there are enough primitive securities to complete financial markets.
The assumption on a dynamically complete market allows for easy representation of
the state price density: T denote & = &(w,t) the state price density at state w and
time t. Then, the value of the firm given a dividend stream is

V. —E (; %w(s + t)|Ft> . (7)

Firms can also trade the same securities as individuals and maximize their expected

values.

Firms have to choose the timing of the clean technology investment taking into
account future returns from today’s change in emissions function and, thus, in the
number of emission permits they are able to sell. They can decide on installment in
each period and observe emission-cap constraints that are local for country A (in this
case xZ = 0) or global (xp = 1):

EA 4 XBEB - eAcNAeu?“<O;40>au N 9Ad(1 _ NA)eu;“u(O?d)au
esr? = evSée evSid

pBPNE (OB 67— NP (O

e'YSsBc e"/Sfd

+

Ty j={A B}, s=tt+1,..

(8)

Note that I can rewrite (8) in the following way:

EA +xPEB > (1++7)* x RHS, (9)

where RH.S only depends on the variables at time s. Last inequality shows that
the problem is Markovian in the sense that its solution at time ¢ only depends on
the variables at time ¢ — 1, including SZ"_ - However, it is not stationary because the

solution depends on time as the growth rate is decreasing.

Consider first the case in which country B does not join the cap-and-trade system.

In this case, electricity producers compare four possible scenarios: (1) nobody installs,
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(2) only a cleaner firm installs, (3) only a dirtier firm installs, and (4) both firms install.

Payoffs of the firm Ac are summarized below: if nobody installs, the firm maximizes

pil,leAcNAe#fu (O?c)au . p‘{uel,lNAOs _ q; <9ACNA€IU,‘84“ (O?c)aue—'ysé‘lc . esAC> + ﬁ‘/lc’
(10)

where V is the expected value of the cleaner firm if no installment is done in this

el,1

el pluell gl are the prices of electricity, fuel and permits. If only firm

period and p

Ac installs, then it maximizes

p:l,QeAcNAeu?u(O?c)au o p{:uelQNAOs . qg (GACNABM?H (O?c>auef'y(5’;46+1) o esAc> .
_xseAcNAe,uf“ (Ofc>au€*“/sg4c 4 ﬁ‘/;,
(11)

and similarly for a dirtier firm installment, and for installment by both firms

installment I have

pzl,BQAcNAe“f“ (O?C)a“ _ pguel,i’)NAOS . qg <8ACNA6“SAU (O?c)aue—ysfc B 6;4C> + 6‘/367

(12)

pgl,40AcNA€M;4"<O;4c>au . pguel,4NAOS . qgl <0ACNA€M;4U(O?c)aue—'y(,g;%—i-l) . 6;40) .

— g 0N A (Ofc)a“e_ysfc + BVy.
(13)

To address the optimal installment policy, I numerically optimize the choice for the
firms assuming that the expected values V;°,7 = 1,...,4 are the exponential functions
of the state variables (namely, the ones I describe in the Appendices 1 and 2). T show

that all four outcomes may be observed in the model.

In the case when both countries participate in the system, I have even a greater
number of choices (namely, eight). Yet again, it is relatively easy to solve all eight
possibilities assuming that the future values of the firms in the electricity sector are

given by the exponential polynomials of the state variables.
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1.2.5. Equilibrium of the Economy

In complete markets it is possible to solve for competitive equilibrium using a central
planner approach. The central planner maximizes the weighted expected utility of

two representative consumers:
maxz B Hlog (e — beA) + log(ctP — beB) + log(1 — 1)+
s=t
+zlog(cP — bcPA) + 2log(cPP — bcPB) 4 zlog(1 — 1P)} (14)

given ¢ |, ki€, kL 1€ 117 i ={A,B},j = {A, B} and budget constraints:

(@) (2T EE ) > e e i = {A B}, s =t t+ 1., (15)

s's—1

(@) ZL )OO )0 4 (1= )k + ) = R

j={A B}, s=t1t+1,.., (16)

Niet" (039 4 (1 — N¥)et" (03%)w > o€ 4 oi! j = {A, B}, s=t,t+1,... (17)

Furthermore, we have an emission constraint (8). In the case of non-binding caps,
Lagrange multiplier of the last constraint is zero, as well as the price of permits; all

the other Lagrange multipliers should be positive.

I solve the model in quarterly periods. The solution is based on the first order
conditions derived from the central planner’s problem and the budget constraints. I
approximate expectations of the future variables with exponential polynomials of the
state variables. To check the accuracy of the approximation I implement Den Haan

and Marcet’s (1994) test (see Appendix 1).

1.2.6. An Example of Cleaner Technology Installment and Returns

In this section, I provide a simple two-period example to highlight the reasoning
behind the results. Assume that there is one representative consumer with log pref-

erences, no time discounting, and no habits. There is one country and there are two
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firms (A and B) that differ in their emissions. These firms produce one final good.

There is only one state at time 1 and two equally likely states at time 2. Assumptions

on the outputs are below:

Firm Date 1 | Date 2, boom | Date 2, recession
A, output | 1 1 0.9
B, output | 1 1 0.9

Without emission caps, the stochastic discount factor is equal to 2/1.8 = 1.111

in a recession and 1 in a boom and the values of the firms at date 1 are equal to

1+0.5x1+0.45x 1.111 = 2. The expected returns are —5%.

Now assume that emissions are proportional to output and that the emissions of

A are 1 and those of B are 2 at the initial date. Let the government set a cap to

decrease at the 10% level so that initial emissions of 3 should be reduced to 2.7 at

date 2. Assume that the clean technology allows a reduction in emissions of 20%, and

that the cost of its installment is equal to x. In the recession state, there is no need

to reduce emissions as they are equal to 0.9 x 1 +0.9 x 2 = 2.7.

In the boom state, with no clean technology installment both firms should reduce

their production to 0.9. If only firm A installs then the profits of the firms are

Firm | Output | Cap | Emission | CT spending | Price of permits | Total revenue
A 1 0.9 |0.8 x 0.5 14+05x01—-x
B 0.95 1.8 | 1.9 0 0.5 0.95—-0.5x0.1

The price of permits in this case is derived from the equation 0.95 — 0.1p = 0.9

because the firm might choose between either reducing the production to 0.9 or paying

the price of the permits.

I can compare this to the case in which only firm B installs:
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Firm | Output | Cap | Emission | CT spending | Price of permits | Total revenue
A 1 09 |1 0 0 1
B 1 1.8 | 1.6 2z 0 1 -2z

Note that the price of permits is zero even if firm A has positive net emissions.
Yet the reduction in firm B’s emissions is so high that the firm A can still produce
the same output and pay nothing for emissions as there is a net positive supply of

permits.

Now compare all three scenarios °. Scenario "only B installs" is beneficial for firm
B if
1—2x>0.9, z <0.05.

In this case, firm B would install and firm A will free-ride. If x > 0.05, firm B
declines to install and reduces output. But in this case, firm A is better off installing
the clean technology if

1.05 —2z > 0.9, x < 0.15.

This means that if the cost is in the range of 0.05 < x < 0.15, the optimal strategy
is "only firm A installs clean technology". If x < 0.05 then firm B installs and firm A

free-rides, and if > 0.15, then nobody installs.

What does this mean for the returns? Take the case in which 0.05 < z < 0.15,

e.g. x = 0.06. Then the following are the total revenues and returns for the firms:

Variable | Date 1 | Date 2, boom | Date 2, recession | Firm value | Returns
A 1 0.99 0.9 1.0239 -7.697%
B 1 0.9 0.9 0.9762 -7.8%
SDF 1 1.0582 1.111

The value of firm A’s future payments is 0.5 x 0.99 x 1.0582 + 0.5 x 0.9 x 1.111 =

5The fourth scenario, both firms install, is inferior from the point of view of the firm A to the

scenario in which only firm B installs
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1.0239, and that of the firm B is 0.5 x 0.9 x 1.0582 + 0.5 x 0.9 x 1.111 = 0.9762. The
expected return for the firm A is (0.5 x 0.99 + 0.5 x 0.9)/1.0239 — 1 ~ —0.077, and
for the firm B is 0.9/0.9762 — 1 ~ —0.078. Results are pretty much the same for any
0.05 < x < 0.15. This simple example shows that expected returns on a cleaner firm’s
equity are higher than these of a dirtier firm. The main ingredient of the result is a
higher correlation of the returns of firm A with the SDF, but note that here I abstract

from any intertemporal decisions for the firms that were introduced in subsection 2.4.
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1.3. Calibration

The main parameters of the model are in Table 1.1.

I take the technology parameters (o, o, ui',d) from Boldrin et al. (2001). The
1 is slightly higher than the electricity expenditures by manufacturers in the UK in
2006 (7.79% of total expenditures) and the energy expenditures in the U.S. in 2007
(8.8% of GDP). The growth in country B starts at 6% annually, which is equal to the
projected growth in BRIC countries in 2010. The assumption on the relative size of
the economies /0 8 is three, which is two times higher than in the data but this is
not important in the model as it only changes relative prices. The [ is set to match
the risk-free rate, while b is chosen to match the risk premium and Sharpe ratio, and

v is chosen to equate labor supply to 1/3 in the steady state.

Emission cap decrease is consistent with the goal to reduce the emissions by 20%
in 15 years. The v is the coefficient for which I do not have a plausible empirical
estimate; therefore, I check for the impact of this coefficient on the results. I only
assume that v > vg+p?, that is, the clean technology allows firms to reduce emissions
more than the (nominal) caps demand. My baseline estimate of «y is roughly equal to
that of the 2006-2007 UK emission trading system®: in those two years, firms were
able to reduce emissions by 4.44% that equals a 0.54% real reduction in each quarter.

Figure 1.2 shows current emissions and GDP of the main emitters.

The parameters 07, i = {A, B}, j = {c,d} can be reduced to only two as I assume
that all the power producers in country B have high emissions and half of the power
producers in the country A have low emissions 7, i.e., N4 = 0.5 and Ng = 0. Because
of that, I only need two coefficients 4¢ and 64 = 8. Iset #4¢ = 1 and 4% = 1.7 that

is consistent with the EIA (2005) report. The cost of a cleaner technology installment,

6] estimate v on the UK data because implementation of the market for permits is better in the

UK than in EU Emission Trading System in this period.
"In 2009, coal burners represent 44.9% of the total electricity production in the US, while natural

gas, hydroelectric and nuclear power stations contribute 50.6%. In China in 2009 total production

was mostly divided between coal plants (83%) and hydropower (14%).
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x; = 0.1, is set to decrease with the rate of 0.001 per year and is chosen in a way
to ensure that the installment of the clean technology is done first by a cleaner firm
in country A 8. Finally, the cost of extraction co = 0.005 is chosen to produce the

interior solution for fuel extraction.

In what follows I will consider four 15-year phases of development; these phases
differ due to country B’s growth rate as this growth rate is continuously decreasing
over time. In the last phase (phase 4) both countries grow at the same average rate,
p = 0.04%, which equals to approximately a 1.61% annual rate. In phase 1, country
B generally grows at the rate 5.26% per year; in phase 2, the growth rate reduces to
an average of 3.8%, and in phase 3, it reduces to 2.33%. I also assume that during
phase 4 the emission caps stay the same for every period and clean technology costs
nothing. Thus, the firms install clean technology only when they expect the price of
emissions in the next period to be positive, but they do not pay for this and I can

solve for a balanced growth path.

1.4. Results

I consider several scenarios in which country B joins the cap-and-trade agreement.
Note that there are two dimensions of the choice: (1) does country B join, and when,
(2) do manufacturing plants (which T represent by an investment good producer)
participate in the system? I assume that utilities are always included in the system
(if a country participates in the agreement), yet manufacturing plants might not®.
However, this is not a plant’s choice to participate - rather, I solve different scenarios
in which an investment good producer either participates from the time of a country’s

signing the agreement, or it never participates. In the current version, I only solve

8This assumption is consistent with the evidence presented in Fowlie (2010). See also the example

of the subsection 2.6.
9Electricity producers in the U.S. account for more than 40% of the man-made carbon dioxide

emission and thus they represent the most important part of the regulation. For the UK, this number

is more than 46%.
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the scenarios without an investment good producer included in the system.

As the benchmark case (case 1), I solve the model with country A starting a
cap-and-trade system within the country, country B staying outside the system, and
with only utilities involved in permit trading. I call this case 1 (Developed Country

Agreement Without Manufacturing Plants).

Case 2 is the case in which country B joins the system at period 1 and only utilities

are involved (Worldwide Agreement Without Manufacturing Plants).

1.4.1. Case 1 - Developed Country Agreement

In this benchmark case manufacturing plants are excluded from the cap-and-trade
system, yet country A introduces the caps on total emissions to the electricity firms
equal to the initial emissions at period zero. Note that country B is also indirectly
impacted by the introduction of an agreement, because firms in country A decrease
their production in response to the positive price of permits and cleaner technology
costs, and the price of country A’s consumption good increases relative to the price
of country B’s consumption good. Thus, the welfare of the country B might decrease

in this scenario.

Below, I report the main asset pricing statistics for the baseline case (see Tables
1.2 — 1.4). We see that the cleaner technology installment decreases for a cleaner
firm and increases for a dirtier firm. I also note that the number of permits traded

decreases in later periods.

I can almost match the risk premium and the Sharpe ratio in the data. The main
result T obtain is the consistent difference between the returns on equity for cleaner

and dirtier firms. The reason for that result is the following.

First, let’s start with the installment choices. The cleaner firm installs more often
than the dirtier one in every phase of development, and this leads to the result that
the cleaner firm is always selling permits, while the dirtier firm is always buying.

Firms install simultaneously in some periods, and they each install in more than half
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of the periods to satisfy the caps.

Regarding the return spread, I get a similar result to the one in the simple example
of subsection 2.6. The firm with lower emissions has a lower absolute cost of installing
the cleaner technology and installs more often than the dirtier one. Moreover, the
dirtier firm installs more when demand for electricity is high (shock to productivity in
consumption and investment sectors is high). This means that the dirtier firm installs
cleaner technology exactly when the stochastic discount factor is high, and it is also
the buyer of permits. Thus, the cleaner firm sells permits to the dirtier one in a boom
and both firms spend less on permits in a recession as the price of permits lowers,
sometimes to zero (either because both firms are below their caps or because the net
supply of permits is positive). All this means that the dirtier firm has cash flows and

returns less correlated with the stochastic discount factor, and are less risky.

The model also provides business cycle implications. In Table 1.5, I report the
macro variables. Note that labor supply is reasonable for both countries and decreases
over time, which is consistent with the data. Moreover, consumption growth volatility

decreases over time and is in line with the empirical estimate at the end.

I compare my results based on the polynomial approximations with the exact
solution but I can not do so directly as there is no analytical solution. To check
the accuracy of the approximation, I implement Den Haan and Marcet’s (1994) test
to compare residual statistics with x?; or x? quantiles (see Appendix 1). It appears
that the approximations are quite reasonable: test statistics are within the theoretical

bounds in more than 95% of the simulations for a long series of the simulated data.

The results obtained in this section are robust to the changes in parameter .
For comparison, I report asset pricing statistics generated for country A in two other
cases: when v = 0.009 and when v = 0.0012 (see Tables 1.6 and 1.7). Results are
quantitatively similar and qualitatively the same. The only thing to mention is that
the difference in returns between a cleaner firm and a dirtier firm decreases in . This
result is intuitive: the higher the reduction in emissions is from every improvement in

technology, the lower the price of permits is and the lower the correlation of clean-firm
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equity returns is with the SDF.

1.4.2. Case 2 - Worldwide Agreement

Consider now the case in which both countries join the emission agreement from the

very beginning. T get the following results (see Tables 1.8-1.11) '°.

The trade in permits is higher in the beginning and the installment of clean tech-
nology is lower than in the benchmark case. This is the result of my assumption: I
give country B a higher number of permits, and thus it immediately reduces the need

to install cleaner technology and instead leaves the countries trading permits.

Why do I observe a level difference in returns between two scenarios '? First,
adding country B to the permit traders immediately reduces the price of permits to
the lowest bound for a long period of time as the initial level of permits in country
B is higher than needed for its own production. This level leads to more smooth
and higher profits and returns. Second, firms invest less in cleaner technology in the
early periods and do not reduce their emissions until the emission market constraints
become tightly binding. This trend has an interesting implication: despite the de-
crease over time of the relative costs of clean technology installment (z;), absolute
costs might not be so because the emissions themselves increase with the increase in
production levels. Power plants find it more expensive to install cleaner technology
than in the first scenario and thus returns on equity become more correlated with the

stochastic discount factor.

I also observe a cross-sectional difference for returns of cleaner and dirtier elec-
tricity producers. Returns are consistently higher for the dirtier firm. Again, this is

mostly the result of the need for the dirtier firm to buy permits, especially in booms.

This scenario leads to a higher expected utility for both consumers (19% higher

10 Again, Den Haan-Marcet test shows that I have a good approximation.
1 Note that both risk-free rate and returns on equity depend on the growth rate almost one-to-one

(while not fully one-to-one because the model is not stationary). This is imminent implication of

our assumptions.
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than in the baseline case) as they now can consume more in the early periods. This
is the implication of less strict emission caps: because of that, firms in country A
produce more in the early periods. The agent discounts future consumption, and the
reduction in consumption in future periods which follow from the binding caps in

phases 3 and 4, does not hurt him or her.

However, this scenario with such a large number of permits given to country B (it
gets 133% more permits than it should) leads to a lower reduction in emissions than
the first scenario. Accumulated emissions are more than twice as high in this case,

which is an undesirable result of the equilibrium.

1.4.3. Number of Permits Needed to Make Country B Indifferent

In this section, I derive the number of permits needed to make country B indifferent
to joining or not joining the cap-and-trade system. To do that, I compare the overall
utility derived from the consumption streams for the agent in country B in the baseline
case and in the case in which country B gets a fixed amount of permits. The model is

simulated 400 times in order to produce average utility for a given number of permits.

I estimate the break-even number of permits to be equal to 72% of the permits in
country A. This is still two times higher than the initial emissions of country B, but
even this scenario does not help to resolve the emissions issue. Namely, the accumu-
lated emission is 46% higher than in the case with no country B in the system. This
is the result of two dependent effects: First, firms face soft constraints on emissions
in the early periods and do not install the clean technology. Second, this policy leads
to an increase in the absolute costs of future emission reductions; because the emis-
sions of the firms increase due to exogenous growth, it becomes more and more costly
to install the clean technology. This cost increases the threshold for the installment

decision and hence reduces incentives even further.
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1.4.4. Auctioning some of the Permits

In this section, I consider the case in which only a fraction, f < 1, of the permits is
given for free in each period. That is, a firm receives the number of permits, w, which
cover fraction f of its initial emissions, and the government auctions the rest to the
highest bidder. This auction is only needed if the number of permits the firms can
trade among themselves is not enough to cover their emissions. I concentrate on the
case with country A only in the cap-and-trade system to simplify our solution. The
price for the permits auctioned by the government is defined by the second highest
bidder. To define this price, I compare the profits of the firms in two cases: first,
they can reduce their output and buy no permits; second, they can buy permits and
produce as much as they need. The second highest bidder is indifferent between the

two policies in this case.

I report the financial results for f = 0.9'2 in Table 1.12. Note that too low a value
for f might lead to no solution (profits can become negative and it could be better to

close the firm rather than to produce), thus I concentrate on this moderate case.

Results are as announced: returns for both cleaner and dirtier firms reduce because
the firms have to pay for permits, but this impacts the dirtier firm more than the
cleaner one. Because of that, returns for the cleaner firm are higher and the spread

between returns is higher.

1.5. Empirical Evidence

In this section, I shortly discuss preliminary empirical results that might support my
theoretical model. I start with a small sample of 10 firms working mainly in the
UK and publicly traded on London Stock Exchange at least from 1997. These firms
represent approximately 25% of the overall emission of firms working in the UK in

2007-2009. By now, I was only able to match this much plants with the ultimate own-

12Tnitial allocation of permits for the power producers in EU ETS was very high and usually set

around 100%, but this number falls over time.

35



Chapter 1: Financial Markets and Cap-and-Trade System in a General Equilibrium Model

ers because of a complicated ownership structure observed in the European market.

The firms are very different in size and emissions; moreover, macroeconomic condi-
tions impacted these firms differently. Thus, I analyze not only their returns, but also
betas and realized risk-adjusted returns (alphas). T obtain monthly share prices for
the firms from Datastream, and I obtain Fama-French factors (SMB and HML) from
London Share Price Database. Proxy for the market portfolio is STOXX 600 index of
European firms. I calculate Fama-French alphas and betas based on 24-month win-
dows starting from 2000 to 2009, and I also calculate market-based alpha by doing the
same procedure with one factor (market returns). Emissions and permit allocations

are obtained from Community Independent Transaction Log (CITL).

My model predicts that we might expect three results: (1) realized returns and
alphas are lower for the net buyers of the permits, (2) betas for these dirtier firms
(net buyers) decrease more after the introduction of the cap-and-trade system, and (3)
correlation of realized returns (and alphas) and consumption growth is lower for the
net buyers. Result (1) is driven by the fact that risk-adjusted return might show higher
exposure to the new risk factor, price of permits. Result (3) follows from the fact that
in the model, inverse of consumption growth is a proxy for stochastic discount factor,
if we exclude habits from preferences. Thus, this inverse of consumption growth is
expected to be more negatively correlated with returns of the cleaner firms, and hence

correlation of consumption growth and returns is higher for the net sellers.

I show that we observe all these patterns in the data. Note, however, that expected
and realized returns are different in nature, and I do not claim that these results fully

support the implications of the model, leave aside the small sample problems.

1.5.1. Relation Between Returns and the Number of Free Permits

I start with the descriptive statistics for the net buyers and the net sellers of permits.
As trading of permits only started in 2007 (in 2005-2006, the number of permits

available to the firms was roughly equal to the total emissions), we have 3 years/36
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months of data in which a firm may be a net seller or a net buyer of the permits.
Table 1.13 provides average returns and alphas for 2007-2009, as well as the difference
between returns (or alphas) at the moment and five years before the date. The
results are supportive for the model: returns and alphas for the net sellers of permits
are higher, and they increase more (or decrease less) than these for the net buyers

after 2006.

I also address the question on the relation between alphas and the number of
permits available for sale for a given firm. I run the following monthly regression

(errors are clustered at a stock level):

Ty = aremission; + aoPF'S; + €, (18)

where z; is either monthly market-based alpha (o;) or Fama-French alpha (a3),
emission, is time-t emission, and PF'S; is the number of permits available for sale
at time ¢. To smooth alpha, I take the sum of three alphas for the past 3 months. I
also consider the regression (18) in which x; = Aoy = a1 — a14-60 Or 2 = Aag =

Q3¢ — Q34 60, that is, T take the difference between alpha today and its 5-year lag '3.

The results are reported in Table 1.14, and they show that both market-based
alpha and Fama-French alpha increase in the number of available free permits. This

is a (weak) support for the model.

1.5.2. Relation Between Betas and the Number of Free Permits

In this section, I obtain the results for the change in betas after the introduction of the
cap-and-trade system for the net sellers and the net buyers. I consider the difference
between beta in month ¢ and its 2-year lag, and run (18) for market-based betas (3;),
as well as betas from Fama-French regressions (Barkt, Bsms, Bamr). Note that my

regressor is x; = Af in each regression.

Results are reported in Table 1.15. Note that, as predicted, the difference in betas
for the net sellers is higher than that for the net buyers. Similarly, for SMB and HML

131 do similar calculations for 2-year lag and find no difference
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factors, the difference in betas for the net sellers is lower than that for the net buyers,
which is again supportive of the model as the firms in the sample are large, and lower

exposure to HML or SMB factors mean higher exposure to the "size" factors.

1.5.3. Relation Between Alphas and Consumption Growth

Finally, I report the relation between quarterly returns, alphas and quarterly con-
sumption growth in the UK, distinctly for the net buyers and the net sellers. It
seems that overall the correlation is higher for the net sellers, as is reported in Table
1.16. However, all the correlations are insignificantly different from zero, and this only

provides a weak support for the implications of the model.

1.6. Conclusion

This chapter is devoted to the study of a two-country model of a cap-and-trade system
and its influence on financial markets. I address the question of the financial impact of
a cap-and-trade system on a cross-section of returns and technological improvements

for individual firms in a unified framework, which is a novelty in the existing literature.

Three main results are established. First, I show that there is a consistent dif-
ference in returns on equity for "clean" and "dirty" firms: electricity producers who
either have lower initial emissions have higher expected returns on equity. Second,
this result is more pronounced with the decrease in the fraction of free permits given
to the firms and the decrease in the improvements from the installment of cleaner
technology. Third, if a developing country joins the agreement and if it receives a
high enough amount of emission permits, both countries benefit in terms of economic
growth and consumption. On the other hand, this policy does not lead to a decrease
in overall emissions, which destroys the goal of a cap-and-trade system. I derive the
level of permits needed to make country B indifferent to joining or not joining the
agreement and show that even this level of permits is too high to make reductions in

emissions that are at least as high as in the stand-alone case with the cap-and-trade
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system in country A only.

I attempt to find empirical support for the theoretical results. I show that, for a
small sample of the UK firms, preliminary results might be in line with the predictions.
Firms that were net buyers of permits have lower realized returns and risk-adjusted
returns than the net sellers, and market betas for the former decrease more after the
introduction of the cap-and-trade system. Moreover, correlation of realized returns

with consumption growth is higher for the net sellers of permits.
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1.7. Appendix: Solution of the Model

I solve the model with the central planner because markets are complete. The La-

grangian for the problem is
L= B {log(c/" —belh) +log(e!” — belh)) + log(1 = 117 — 1)+
s=t

+2zlog(cB? — bcBA) + 2log(cPP — bePB) 4 zlog(1 — 1PY — 181+

+)\;40 [(aAC)w(ZAlAC)(1—@)(1—w)(k?g)a(1—w) i CSAA —I—CfA} +

s s Vs—1

+)\BC [(CLSBC>w<ZBlBC)(1—a)(1—¢)(ksB_Cl’)a(l—1/J) . C?B —l—CSBB} +

s s 's—1
AN [ (ZAH) DD R 1 (1= 0) (R + k) — kM = K] +
AT (@D (2212 ) OO R 1 (1= ) (R + k) — KPR+

AL [N Oy 4 (1= Nt (Op1) — i — ] +

S

+>\sBu |:NB€'usBu<OSBC)au + (1 o NB)GHEU(OSBCZ)QM _ aBC _ CLBI] _

S S

—co(N4OM + (1 — Ny O ITeo _ ¢ (NgOB 4 (1 — Np)OPd)i+eo

Ac Ac Ac aTA ,uA“ Ac\ oy NA Ad Ad Ad A uA“ Ad\aw, 1— NA
—Ts (Ss - Ss—l)e N e (Os ) W + (Ss - Ss—l)e (1 - N )6 ° (Os ) e’YS?d -
Be Be \pnBc puB% nBeyay, NP Bd Bd \pBd _pB* 7Bd\ou, 1—- NP
—xs [(S5° = S5)07¢%(0°) e (S57¢ = S5)07 % (05°) el
\F EA 4+ XBEB eAcNAe,u;““(O?c)au QAd(l o NA)e,uf“ (O?d)a“
+ s [ QS’YE B e’YS?C B eVSéqd B
| NI (OB (L = NP ()
X &SP X &SP ‘
The following are the first order conditions for consumption:
———— —E, | —————| - A" =0, 19
ey eyl e e B (19)
1 [ b3 1
—E |— | _\BC 9 20
cfB — befB ! LB — befP ¢ ’ (20)
z [ 20 AC
—_— B, | ————5| - N =0 21
cPA — beP4 ! B4 — bePA ¢ ’ (21)
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and

Z zbp Al
———7 Bt | 5| — N =0. 22
P g )

The next conditions are for the labor choice:

v a(l— —a)(1—
e (1= )L~ VB [N )09 2003 -0 ) 1) =,

(23)

v a(l— —a)(1—
e+ (L= @)L= B L () (24 =0 ) 1] =0,

(24)

v a(l- —a)(1—
1P BT + (1 —a)(1 —)E, NEG(KPO)> =) (ZP1BO)=e)=0) (o B /1BC] = 0,

(25)
and

v a(l- —a)(1-
Ty pe BT + (1= )1 =B N (KU (Z PP =0 (L) /iPT] = 0.

(26)
The conditions for the electricity consumption are:
A ARG O (ZAG 1) (1 — 1)
N A (KOO (2100 (gt = (28)
APPSR I @O 0, (29)
and
AP OAPH (PO (ZPE) 0 P = 0. (30)
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The conditions for the capital choice are:
=AM Ba(l = )ENG (KA ZAE) O (@) + B(1 - 5 BN, =0,

(31)

=AM+ Ba(l = D) BN () I ZAEE) O (@)Y + 51— ) BN, =0,

(32)

A+ Ba(l — Y)EASG(KP)* 71 (ZPIP) 0 (afOY + B(1 — §)ENT, = 0,

(33)

and

=M+ Ba(l = ) BN, (K O (ZP1E) O (0 4 (1 - 0)ENT = 0.

(34)

Finally, the first order conditions for the fuel and clean technology installment are

u _ u _ NA
Ma, Naett™ (Of)oet — gy (§4¢ — S YgAeq, e (Of1€) 1€,YS§4C -
u N
~(1+ a0)coNa(NAO; + (1 = Np)JOM)*0 — ay Nyett™ (Of) 1€SSAtcyE =0, (35)
Aty (1 N )e,uf“ (OAd)aufl _z (SAd _ GAd >9AdOé e,utA“(OAd)aufll — NA_
t u A t t\Mg s—1 u t o754
u A
~(1+ a0)co(l = Na)(NAO{ + (1 = Na)OP)*@ — o, (1 = Na)e ™ (O)™ !~ = 0,
(36)
u _ u _ NB
AP o N (0771 — (S = $74)0 e e (0) ™ ™!~ —
u N
~(1+a0)coNp(NsOP + (1 = Np)OP*)*@ — auNpet™ (07) ! = 0, (37)
APtau(1 — Nig)eht™ (0Pt — (554 — 554 g i Oty LN
t u B t (AN s—1 u t e7S5Bd
u A
~(1+ao)co(1 = Na) (NuO + (1 = Np)JOP"® = (1 = Njert™ (0P g — 0,
(38)
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I also have seven budget constraints (15) — (8). The assumption is that firms play
threshold strategies (they only install if the price is higher than some endogenous

threshold).

To solve the problem, I approximate conditional expectations in respective equa-

tions with an exponential polynomial of the state variables,

expl¢’ x F(KAY, KA KPS KB 724 7P Sfe 541 Bt Resy, Resg)].

I follow Faraglia et al. (2010) to reduce the number of state variables (which is
equal to 17 because I have to include 4 consumptions, 4 capitals, 2 productivity, 4
labors and 3 states of the clean technology installment S}’ ). To do that, I start solving
the model from the last phase in which Sfj are all irrelevant and approximate the ex-
pectations relevant for country A with the variables of country A only K9, KA, ZA
, and similarly for country B. Then, after converging the model with linear functions
of these variables, I define the optimal residual function by an OLS regression of the
rest of the of state variables on the given three. These residuals approximate the
expectation and I recompute the coefficients. Furthermore, I proceed to the second
moments of these four state variables and generate one optimal combination of the
second moments. I end up with 5 state variables in the last period (Res4 is a 2 x 1
vector of the best linear combination and the best second moments combination in

country A, Resp is the same for B).

Moreover, I should approximate the value function for a value of an electricity
firm (see (10)-(13)). I proceed similarly as I do to the approximation of first order
conditions and assume that these values only depend on the state variables and choose
exponential form for it. This is a simplification of my solution and allows me to solve

the model relatively easily, while preserving the tractability.

For the other periods, I do the same but add all the other state variables mentioned
in F'. Doing as I did for the last phase, I end up with 14 state variables that produce

a very accurate approximation for the conditional expectation.

To check that the expectations for the approximation are accurate, I implement
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the test of Den Haan-Marcet (1994) for the series of 400 observations of the last phase
and the 180 observations of the first three phases (note that I have a non-stationary
model except for the last phase and thus have to be careful that the number of periods
in the model coincide with the number of periods used for the simulations). In both of
the models I solve in this chapter, the approximation is very accurate as the simulated
chi-squared statistics fall into the rejection area in only 3.96% of the simulations in
the model with only country A introducing the cap-and-trade system and 4.22% of

the simulations in the cases when both countries participate in the system.

I also use the homotopy approach to solve the last period’s model. Namely, I start
from the case and slowly increase to the level of 0.7. This is done to simplify the initial
system I solve because the approximation for the case with is hard to obtain if I start
with coefficients that are far from the true ones. The result is an approximation that

becomes locally unstable.
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1.8. Appendix: Optimal Threshold Strategies for the Firms

In this appendix, I prove that there exists an equilibrium in which electricity producers
play threshold strategies, that is, they only install clean technology if the observed
price is higher than some endogenous threshold. To prove that, I start from the
observation that the choice of the cost of the installment guarantee in which the clean
firm installs first and for the lower permit price: this is similar to what I had in the

subsection 2.4.

Now consider the first case (only country A introduces the emission cap) and turn
to equations (35)-(36). Note that production increases in the level of the electricity

shadow price A\ and decreases in the level of the shadow price of permits \E.

I compare four options mentioned in subsection 2.4 to provide the evidence that
any of four cases might realize in the model. Note, however, that this result is only
descriptive because the thresholds I derive are endogenous and numerically calculated

in the model; T do not obtain an analytical form for them.

In each scenario, firms can recalculate the prices for the fuel and permits, and thus
compute the current and future value of the firm in each policy. I show next that (1)
both firms install if ¢! > p1, ¢> > po, (2) only dirtier firm installs if ¢} > p1, ¢? < po, (3)
only cleaner firm installs if ¢! < p;,¢? > po, and (4) nobody installs if ¢} < py,¢? < ps.

Both thresholds are endogenous and depend on the state variables.

Compare (10) and (12) first. After the dirtier firm installs the technology, the
prices of permits and of electricity decrease (because both firms might produce more),
while the price of fuel increases (as demand for it increases). Moreover, the cleaner
firm expects to sell less permits in future periods. This expectation leads to a decrease
in the value of the cleaner firm with respect to option (10), and it has to compare this
to option (13). In this option, the price of electricity falls even more, the price of fuel
increases with respect to (12), and the price of permits decrease but cleaner firm is
still a seller of permits, while in option (12) it may become a buyer. Thus, clean firm

may either install simultaneously with the dirty firm, or allow the latter to install.
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When is installment beneficial for the dirtier firm? This happens if (1) the option
(12) leads to a higher firm value than the option (10) and the cleaner firm does not
install or (2) the cleaner firm installs and (13) is better than (11) for the dirty firm.
But note that V& > V¢ and V¢ > V¢ because the dirtier firm has to buy less permits
in the future, and thus the price for them is lower. Hence, comparison of (10) and
(12), (11) and (13) and the condition that the dirtier firm might only be a buyer of

permits leads me to conclude that dirtier firm installs iff

G > p1, Q. > po. (39)

Similarly, we get other results.
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1.9.

Figures

Figure 1.1: EU ETS emissions allowance prices: April 2005 - December 2009
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Figure 1.2: Emission and GDP in 2008
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Data source: International Energy Agency (2009). This graph shows emission (in

billion tonnes of CO;) and GDP (in trillion U.S. dollars) in the end of 2008 for the

most polluting countries.
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1.10. Tables

Table 1.1: Parameters of the model.

Variable Description Value

pi Growth rate in A 0.004

o Volatility of productivity shock 0.018

Q@ Production coefficient 0.33
Capital depreciation 0.021

(0 Share of electricity 0.1

ub Initial growth rate in B 0.0146

eHo —H Time 0 relative size of A to B 3

15} Time discount 0.99

v Leisure utility coefficient 3.19

b Habit formation coefficient 0.74

v Clean technology coefficient 0.01

~E Emission cap decrease coefficient 0.0037

f Fraction of permits given for free 1

In this table, I report the parameters for the model.

For the discussion, see section 1.3.
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Table 1.2: Cleaner technology installment, permits trading for case 1, country A.

Variable Years 1-15 | Years 16-30 | Years 31-45
Installment periods, Clean | 53.26 50.19 47.91
Installment periods, Dirty | 42.33 44.11 45.85
Number of permits traded | 0.0423 0.0414 0.0277

This table reports statistics for the case with a cap-and-trade system in country A only.

The first and second rows provide the average number of quarterly periods (out of 60) in which the

cleaner technology is installed. The third row contains the average number of permits sold by the

clean firm (initial number of permits is 2.7). For the discussion, see subsection 1.4.1.

Table 1.3: Financial statistics for case 1, country A.

Variable | Years 1-15 | Years 16-30 | Years 31-45 | After year 45 | Data

R.; 6.99% 6.70% 6.41% 6.17% 6.47%

Oci 24.38% 23.76% 22.49% 20.44% 19.64%
Reean 4.88% 3.97% 3.20% 3.00%

o(Reean) | 10.75% 9.13% 9.10% 9.01%

Rirty 4.711% 3.87T% 3.03% 3.00%

0(Rairty) | 10.30% 9.11% 9.08% 9.01%

Ty 3.31% 2.42% 1.66% 0.96% 0.96%

o, 27.77% 26.92% 24.41% 23.34%

This table reports the statistics for country A in the case with a cap-and-trade system in

country A only. Here, Rc s is the return on consumption and investment good stocks and o¢ s is

its volatility. For the discussion, see subsection 1.4.1.
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Table 1.4: Financial statistics for case 1, country B.
Variable | Years 1-15 | Years 16-30 | Years 31-45 | After year 45 | Data
R.; 7.83% 7.24% 6.49% 6.17 % 6.47%
Oci 24.25% 23.35% 22.00% 20.44% 19.64%
Rirty 4.75% 3.80% 2.92% 2.89%
o(Rairty) | 9-13% 8.98% 8.91% 8.90 %
T 3.31% 2.42% 1.66% 0.96% 0.96%
O, 27.77% 26.92% 24.41% 23.34%

This table reports the statistics for the country B in the case with a cap-and-trade system

in country A only. Here, R¢  is the return on consumption and investment good stocks and o¢r is

its volatility. For the discussion, see subsection 1.4.1.

Table 1.5: Macroeconomic statistics for case 1.

Variable | Years 1-15 | Years 16-30 | Years 31-45 | After year 45
Labor in A | 0.341 0.336 0.334 0.333
Labor in B | 0.428 0.395 0.348 0.333
Oc 4.14% 3.67% 2.89% 1.89%

This table reports macroeconomic statistics in the case with a cap-and-trade system in coun-

try A only. For the discussion, see subsection 1.4.1.
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Table 1.6: Financial statistics for case 1, v = 0.009, country A.

Variable | Years 1-15 | Years 16-30 | Years 31-45 | After year 45 | Data

R.; 7.13% 6.84% 6.68% 6.17% 6.47%

Oci 25.08% 24.19% 23.50% 20.44% 19.64%
Reean 5.13% 4.52% 4.01% 3.00%

0(Retean) | 11.89% 10.57% 9.64% 9.01%

Rirty 5.00% 4.04% 3.72% 3.00%

o(Rainty) | 11.56% 10.46% 9.47% 9.01%

T 3.46% 2.51% 1.69% 0.96% 0.96%

oy, 28.29% 26.99% 24.54% 23.34%

This table reports the statistics for country A in the case with a cap-and-trade system in

country A only and vy = 0.009. Here, R is the return on consumption and investment good stocks

and o¢, is its volatility. For the discussion, see subsection 1.4.1.

Table 1.7: Financial statistics for case 1, v = 0.012, country A.

Variable | Years 1-15 | Years 16-30 | Years 31-45 | After year 45 | Data

R.; 6.92% 6.63% 6.38% 6.17% 6.47%

Oci 23.98% 23.54% 22.34% 20.44% 19.64%
Reean 4.76% 3.87% 3.14% 3.00%

0(Reiean) | 10.57% 9.10% 9.06% 9.01%

Rirty 4.69% 3.81% 3.01% 3.00%

0(Rairey) | 10.25% 9.09% 9.06% 9.01%

T 3.24% 2.32% 1.59% 0.96% 0.96%

oy, 26.14% 25.74% 24.22% 23.34%

This table reports the statistics for country A in the case with a cap-and-trade system in

country A only and v = 0.012. Here, R s is the return on consumption and investment good stocks

and o¢, is its volatility. For the discussion, see subsection 1.4.1.
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Table 1.8: Cleaner technology installment and permits trading for case 2.

Variable Years 1-15 | Years 16-30 | Years 31-45
installment periods, A Clean 33.61 50.35 49.82
installment periods, A Dirty 30.24 44.92 46.38
installment periods, B 28.4 46.29 47.09

Number of permits sold by A Clean | -0.108 0.032 0.081

Number of permits sold by A Dirty | -0.257 -0.014 0.017

Number of permits sold by B 0.365 -0.018 -0.098

This table reports statistics for the case with a global cap-and-trade system.

First, second,

and third rows provide the average number of quarterly periods (out of 60) in which the cleaner

technology is installed. Rows 4 to 6 contain the average number of permits sold by the firms (initial

number is 2.7 for each country). For the discussion, see subsection 1.4.2.

Table 1.9: Financial statistics for case 2, country A.
Variable | Years 1-15 | Years 16-30 | Years 31-45 | After year 45 | Data
R.; 7.48% 6.81% 6.53% 6.17% 6.47%
Oci 24.44% 24.05% 23.35% 21.14% 19.64%
Reean 5.11% 4.12% 3.24% 3.01%
0(Retean) | 11.23% 10.11% 9.19% 9.02%
Rirty 5.02% 4.05% 3.07% 3.00%
o(Rainey) | 11.37% 10.95% 9.36% 9.01%
T 3.11% 2.14% 1.58% 0.96% 0.96%
O, 25.52% 24.66% 23.64% 23.34%

This table reports the statistics for country A in the case with a global cap-and-trade sys-

tem. Here, Rc 1 is the return on consumption and investment good stocks and o¢ s is its volatility.

For the discussion, see subsection 1.4.2.
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Table 1.10: Financial statistics for case 2, country B.

Variable | Years 1-15 | Years 16-30 | Years 31-45 | After year 45 | Data
R.; 7.96% 7.02% 6.80% 6.17 % 6.47%
Oci 24.92% 24.16% 23.31% 21.14% 19.64%
Rirty 4.92% 4.06% 3.14% 2.89%

o(Rairty) | 11.5% 10.13% 9.49% 8.90 %

T 3.11% 2.14% 1.58% 0.96% 0.96%
O, 25.52% 24.66% 23.64% 23.34%

This table reports the statistics for country B in the case with a global cap-and-trade sys-

tem. Here, Rc 1 is the return on consumption and investment good stocks and o¢ s is its volatility.

For the discussion, see subsection 1.4.2.

Table 1.11: Macroeconomic statistics for case 2.

Variable | Years 1-15 | Years 16-30 | Years 31-45 | After year 45
Labor, A | 0.346 0.339 0.335 0.333
Labor, B | 0.413 0.378 0.345 0.333
Oc 3.51% 3.17% 2.74% 1.89%

This table reports the macroeconomic statistics in the case with a global cap-and-trade sys-

tem. For the discussion, see subsection 1.4.2.
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Table 1.12: Financial statistics for case 1, f = 0.9, country A.

Variable | Years 1-15 | Years 16-30 | Years 31-45 | After year 45 | Data

R.; 6.83% 6.42% 6.26% 6.17% 6.47%

Oci 23.70% 23.39% 22.86% 21.10% 19.64%
Reean 4.68% 3.72% 3.11% 3.00%

0(Retean) | 10.54% 9.06% 9.05% 9.01%

Riirty 4.49% 3.56% 2.92% 3.00%

o(Rairty) | 10.24% 9.02% 9.02% 9.01%

T 3.17% 2.32% 1.58% 0.96% 0.96%

Oy 25.93% 24.69% 23.55% 23.34%

This table reports the statistics for country A in the case with a global cap-and-trade sys-

tem, and f = 0.9. Here, R is the return on consumption and investment good stocks and o¢ s is

its volatility. For the discussion, see subsection 1.4.4.

Table 1.13: Descriptive statistics for returns and alphas, 2007-2009.

Variable | Net sellers | Net buyers | Difference
T4 .0245 =737 0.761

o -2.42%K -3.56 1.14

Qs -1.71e -3.06 1.35

Ary -1.2%% -5.66 4.46

Aay 0.892 -0.478 1.37

Aag 1.57* -1.14 2.71%

N obs. 72 288

This table reports the descriptive statistics (in percentage terms) for returns and alphas for

net sellers and net buyers of permits in 2007-2009.

r¢ is time-t return on equity, a; is time-t

market-based risk-adjusted return, while a3 is time-t Fama-French risk-adjusted return. Ar;, Aoy

and Aag are the differences between returns or alphas today and five years before today. Column 4

reports the difference between columns 2 and 3. *, ** and *** means significance at 10%, 5% and

1% level, respectively. For the discussion, see subsection 1.5.1.
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Table 1.14: Relation between alphas, returns and the number of permits for sale,

2007-2009.

Variable | oy Aoy o3 Aas

emission; | 0.115 | 0.139** | -0.092 | 0.29
PFS, L5HHH | 0.85%HF | 1.53%** | 3.01°%F+*
N obs. 300 300 300 300
R-squared | 3.92 2.11 4.96 8.37

This table reports the results of the regression (18) in 2007-2009 (in percentage terms). emission;
is time-t emission of the firm, and PF'S; is time-t number of permits, available for sale. Column
2 reports coefficient for the market-based alpha. Column 3 reports coefficient for the difference
between market-based alpha and its 5-year lag. Column 4 reports coefficient for the Fama-French
alpha. Column 5 reports coefficient for the difference between Fama-French alpha and its 5-year
lag. *, ** and *** means significance at 10%, 5% and 1% level, respectively. For the discussion, see

subsection 1.5.1.

Table 1.15: Relation between betas, emissions and the number of permits for sale,

years 2007-2009.

Variable | 5 Bkt Bsmp Bumr
emission; | 1.31 0.656 2.47 -5.4%*
PFS; 13.3%FF% | 30.6%** | -11.6%*F* | -33.6%**
N obs. 300 300 300 300
R-squared | 11.64 58.75 26.78 27.94

This table reports the results of the regression (18) in 2007-2009 (in percentage terms). emission;
is time-t emission of the firm, and PF'S; is time-t number of permits, available for sale. Column 2
reports coefficient for the difference between market-based beta and its 2-year lag. Column 3 reports
coefficient for the difference between market beta in Fama-French regression and its 2-year lag.
Column 4 reports coefficient for the difference between SMB beta in Fama-French regression and
its 2-year lag. Column 3 reports coefficient for the difference between HML beta in Fama-French
regression and its 2-year lag. *, ** and *** means significance at 10%, 5% and 1% level, respectively.

For the discussion, see subsection 1.5.2.
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Table 1.16: Correlation between consumption growth and alphas, 2007-2009.

Variable | Net sellers | Net buyers
oy 0.102 -0.121

a3 0.003 -0.03

T 0.162 0.014

N obs. 100 24

This table reports the correlations between alphas and consumption growth in 2007-2009 (in
percentage terms). Row 2 reports correlation between the consumption growth and the market-
based alpha. Row 3 reports correlation between the consumption growth and the Fama-French
alpha. Row 4 reports correlation between the consumption growth and the raw return. *, ** and
*okk

means significance at 10%, 5% and 1% level, respectively. For the discussion, see subsection

1.5.3.
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2. Mutual Fund Performance, Fees and Flows

2.1. Introduction

Many studies, including several recent papers'*, have attempted to explore the deter-
minants of fund flows and performance. While on average mutual funds deliver neg-
ative after-fees risk-adjusted return, there is a significant heterogeneity across their
returns and fees. Moreover, the difference in performance is to a large extent related
to fees. The paper by Gil-Bazo and Ruiz-Verdu (2009) addresses the question of
cross-sectional difference in fees and performance and shows that there is a negative
relation between fund’s fees and before-fee risk-adjusted performance. I question this
result and investigate the relation between fees, fund flows, risk-adjusted performance

and its volatility.

In most of the empirical studies on mutual funds it is assumed that individual
investors are able to fully diversify and hedge against idiosyncratic risks by investing
in all the available mutual funds. This assumption means that investors only care
about expected risk-adjusted returns, and these returns should be equal to zero for
all the funds. Berk and Green (2004) show that if this is the case, there is a positive
relation between fees, manager’s ability and fund flows. Managers with higher abilities
receive more money to invest (inflows) while low ability managers have less funds
under management (outflows) and hence set lower fees. Moreover, there are two facts
about the data. First, we observe time-series and cross-sectional difference in fees and
volatility of risk-adjusted performance for the diversified mutual funds in the U.S.
market. Second, average individual investor’s holdings of mutual funds is not very
high: in 2009, 42% of individual investors held 3 or less funds *°, including bond and
money market funds which amount to 68% of such investment. While median number

of the mutual funds held is 4, less than 2 of them, on average, are diversified equity

14Gee, for example, Gruber (1996); Carhart (1997); Sirri and Tufano (1998); French (2008); Fama

and French (2008); Dong Lou (2010a)
158ee "Profile of Mutual Fund Shareholders, 2009", Investment Company Institute.
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funds. This raises a question of the exposure to a fund manager’s ability born by an

individual investor.

In this chapter I show that the volatility of before-fees risk-adjusted performance
(alpha) has an impact on the mutual fund decisions regarding fees, and that this
volatility (sigma) may be a risk factor for individual investors in a fund. I show that
sigma, contributes more than 3% to the explanation of the cross-sectional difference
in fees and that the funds with higher alpha and sigma charge higher fees. Moreover,
sigma is marginally successful in explaining the change in fees on a fund level. Alpha
also contributes to the explanation of both fees change and fees level: funds with
higher alpha have higher fees on average yet decrease fees more in response to higher
past alpha. The latter result may seem counterintuitive, and to clarify it I investigate
the relation between change in fees and future performance and show that an increase
in fees leads to higher future before-fees performance. Although past performance
leads to a counterintuitive decrease in fees for better performing funds, fees are to be
considered as related to the future performance of the fund. Hence, fund managers
may increase fees because they correctly predict better risk-adjusted returns for the
fund in the future. Next, I discuss the implications for the fund flows and find that
sigma has positive impact on the fund flows. In this part, I show that sigma explains
fund flows better than second moments of past performance. Finally, I solve a simple

model that provides the rationalization for the results.

Starting from Sirri and Tufano (1998), a huge literature about fund performance
and flows has been developed. Many recent studies (e.g., Pollet and Wilson (2008),
Huang et al. (2010), Lou (2010a), Reuter and Zitzewitz (2010)) explore this relation
in different settings. Moreover, while there is a debate about mutual fund managers
ability to pick stock and produce persistent positive risk-adjusted after-fee perfor-
mance (e.g., Busse and Irvine (2006), Kosowski et al. (2006), Kasperczyk and Seru
(2007), Fama and Frenach (2008)), there is not much of information about fund fees
determinants. Two papers on the topic are especially worth mentioning. Gil-Bazo

and Ruiz-Verdu (2009) study the relation between fees and before-fees risk-adjusted
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performance for well-diversified U.S. mutual funds. They find negative relation be-
tween performance and fees: funds that have higher past performance impose lower
fees. They explain this relation by the clientele effect: investors in low-performing mu-
tual funds may be less sensitive to performance and thus may not respond to higher
fees. Second interesting study is Wahal and Wang (2011). Authors show that in late
1990s, mutual fund industry in the U.S. experienced a shift in competition: funds
that started to operate after 1998 face higher competition against incumbent funds if
their holdings were close enough to each other, and these competing funds started to

reduce management fees, produce lower alpha and attract less inflows.

My study is also motivated by the stream of literature that investigates concen-
tration of investments and performance of mutual funds, as well as predictability of
performance based on second moments of returns. Kacperczyk et al. (2005) study
industry-driven performance. In their paper they show that managers deciding to
invest only in a few industries show higher performance after controlling for risk and
style differences. Bali et al. (2005) reconsider the results of Goyal and Santa-Clara
(2003) and show that the average stock volatility does not predict returns except for
Nasdaq stocks and equally-weighted portfolio, in which case the result is driven by
small stocks. They do not find significant relation between average stock volatility and
future returns for NYSE/AMEX or NYSE. Cremers and Petajisto (2009) show that
funds with higher deviation from appropriate benchmark produce higher alpha on
average, and that funds with higher tracking error have higher fees on average. Note
that they use tracking error with respect to a benchmark endogenous to a mutual
fund and based on its holdings, while I concentrate on 4-factor alpha. Moreover, they
do not study the relation between fees and sigma and only report descriptive statis-
tics for their sample. My aim is to establish quantitative results and to show that
there exists economically and statistically significant impact of sigma on a number of

variables.

The structure of this chapter is the following. In section 2.2 T describe the data and

the variables I use in the analysis. Section 2.3 is devoted to the empirical results. The
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results are rationalized in a simple model in the section 2.4. Section 2.5 concludes.

2.2. Data and Sample Statistics
2.2.1. Data Source

The data is obtained from the Center for Research in Security Prices (CRSP) Survivor-
Bias Free U.S. Mutual Fund Database for the period from January 1980 to December
2008 (see Carhart (1997) and Carhart et al. (2002) for the discussion of this data set).
I restrict the funds in our sample to be open-end diversified domestic equity mutual
funds. To do this, I remove money market, bond and income, sectoral, institutional
or speciality mutual funds by investigating the investment objective of a fund 6. 1
remove the funds that do not provide information on expenses or have zero expenses.
I also delete the funds that have less than 36 months of observations or have less
than $10 million under management at any point of life of the fund. Finally, T delete
observations with missing or zero total net asset. Remaining observations are cleaned

to get rid of outliers in returns and expenses.

I obtain three Fama-French factors, momentum factor and risk-free rate from

Kenneth French’s website 7.

After this procedure, I end up with 2047 diversified domestic U.S. mutual funds.
There are 266,289 fund-month observations in 348 months.

6Namely, I follow Huang et al. (2010) and select funds with the following Lipper objectives: CA,
CG, CS, EL, FS, G, GI, H, ID, LCCE, LCGE, LCVE, MC, MCCE, MCGE, MCVE, MLCE, MLGE,
MLVE, MR, NR, S, SCCE, SCGE, SCVE, SG, SP, TK, TL, UT. If there is no Lipper objective,
I choose the following Strategic Insights objectives: AGG, ENV, FIN, GMC, GRI, GRO, HLT,
ING, NTR, SCG, SEC, TEC, UTI, GLD, RLE. If neither of the previous two are present, I use the
Wiesenberger Fund Type Code to select funds with the following objectives: G, G-I, G-S, GCI, TEQ,
ENR, FIN, GRI, HLT, LTG, MCG, SCG, TCH, UTL, GPM. Finally, if a fund holds more than 80%
of its value in common shares and is not mentioned in the previous categories, then it is included.

Index funds are excluded based on their names.
"mba.tuck.dartmouth.edu/pages/faculty /ken.french /
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2.2.2. Risk-Adjusted Fund Performance and Sample Statistics

I use the Carhart’s (1997) four-factor model to estimate risk-adjusted performance of

a fund:

Tt = O + BMkt,ijtt + 65MBJSMB15 + 6HML,jHMLt + ﬂMom,jMOmt + €;¢- (40)

Here r;; is fund j’s before-fees return at time ¢ in excess of the 30-day Treasury
bill rate!®, MFkt, is the market excess return, SM B, and HM L, are two other Fama-
French factors and Mom, is the momentum factor. Term «; is the risk-adjusted return

of the fund and (’s are the loadings of the fund on different risk factors.

I follow the same procedure as in Carhart (1997) and construct « in two steps.
First, T estimate 40 on a rolling window of the past 36 months and obtain fs. Sec-
ond, I generate aj; = rjr — Barkeje—1 Mkt + Bsvpji—1SM By + Brnr,ji—1HMLy +
Brom,ji—1Mom,. For the first 36 months of the fund’s life, I estimate « using esti-
mates of Os from the first 36 months. Results below do not depend on this choice,
and I only report results for the whole time period. Throughout the paper, I will use
the term "alpha" for this calculated 4-factor risk-adjusted before-fees excess return

and term "sigma" for its standard deviation over the last 12 months.

Our sample has the following properties: mean unadjusted before-fees returns
equal to 7.78% per year, risk-adjusted before-fees performance is only 2.56 bp above

zero, and after-fees performance is -117 bp.

In what follows, I will always consider the regressions with time fixed effects.
Monthly regressions include all time dummies for the months, and non-monthly re-
gressions include all time dummies required for these regressions. Error terms are
clustered at a fund level and this is not specially mentioned later. In what follows,

regressors are always checked for pairwise correlations and only these that are not

18 As fund returns are reported after expenses, I add total expenses to get before-fees returns. Total
expense ratio is only available on annual (before 1991) or quarterly basis (after 1991). Most of the
funds only change expense ratio once a year or less frequently, and I approximate monthly fees by

dividing annual (or annualized quarterly) expense ratio by 12.
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highly correlated are retained in the regression . Where these correlations are too

high, I specifically mention and discuss it.

2.3. Empirical Results
2.3.1. Alpha, Sigma and Fund Size

I start the empirical study by establishing the basic relation between alpha, sigma
and the size of the fund. As is well known (see e.g. Reuter and Zitzewitz (2010)),
fund size impacts the returns: the bigger the fund, the lower the returns. I aim to
reestablish this result for my sample and also add the "volatility effect": when a fund
increases in size, the volatility of alpha decreases. Both of these facts can be explained
by the manager’s decision to move her holdings closer to the benchmark because of
lack of abilities, as in Berk and Green (2004). Making the portfolio more passive
makes both volatility and return lower. Note also that Pollet and Wilson (2008) and
Lou (2010a) establish the fact that funds indeed diversify their investments when
they grow, but this may lead to a better performance, especially for small-cap funds.
However, I consider well-diversified funds for which there is no positive effect from

diversification.

I investigate the relation by running the following regressions:

Aoy = const + Binaotnai—o + Bna,dif rAtnas_1 + age,_1 + €, (41)
Q-9 — 04345 = CONSt + Bingatnai_a + Bina,aif fAtnar_s + ager—a + €, (42)

Q11 — O4—12,t—23 = CONSt + Ping 24tNat_24 + Bina.diff(tnai_12 — thai_o4) + age;_12 + €,

(43)

0y — Op—12 = const + o012 + Pina2atN—24 + Bina,giff12(tnai_12 — tnaz_os) + agei_12 + €,

(44)

YNamely, highest correlation observed is the one between age and the size of funds and equals

0.35; other pairwise correlations are lower and usually do not exceed 0.1.
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where Ay, = Y+ — Y—1, Q4—s, 1—s, 15 the average alpha between time ¢ — s; and
t — s9, 0y is the standard deviation of a; during the months ¢t — 11-¢, tna; is the
logarithm of the total net assets of the fund (which I define as the total net asset
value) and age; is the age of the fund at time ¢ (calculated as the number of months
the fund operates ?°). First three regressions represent relation between monthly,
quarterly or yearly changes in performance with respect to age, starting total net
assets and incremental net assets collected before the current period. Regression (44)
represents relation between change in sigma, fund size and incremental change in fund

size between months t — 24 and t — 12. I add o0;_12 as a control variable because o, is

a persistent process?! Results of these regressions are summarized in Table 2.1.

I find strong support for negative coefficients Sinq.q4ir in regressions (41 —43) and
no significance for coeflicient Binq.4ifr12 in (44). One reason I cannot find significant
impact of tna;_19 — tna;—s4 in regression (44) is that alpha, and thus its volatility,
depends on all the flows coming into the fund between periods ¢ — 12 and ¢. This
complicates a lot our goal to disentangle changes in sigma due to an increased or
decreased fund size at time ¢ — 12 from the changes in sigma due to an increase or a
decrease in the fund size in any other period. I cannot find a better test to disentangle
the influence of Atna;_15. Note, however, that both S;,4.24 and Sinadifr12 in (44) are

negative.

The results of this section provide some support for decreasing returns to scale:
higher fund size, on average, means lower alpha, and alpha decreases for a given
fund when its size increases. Hence, functions I choose in the section 2.4.3 might
be considered as a plausible first-order approximation for alpha and sigma as the

functions of the fund size.

20Results do not change if we assume that age is equal to the number of years instead.
21T also redo the same regressions and restrict the age of a fund to be higher than 36; in this case,

results are marginally different, and T do not report them.
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2.3.2. Level of Fees Depends Positively on Alpha and Sigma

In this section, I show that the level of fees depends positively on both alpha and
sigma. I assume that fees depend on the fund characteristics such as size, age, and
turnover ratio. It is also assumed that the fees depend on the average alpha over the

last year (from month ¢t — 12 to month ¢ — 1), and on sigma.

I use total expense ratio as a proxy for the fees. Later I may add front- and end-
loads of a fund to the fees. However, I prefer to concentrate on the total expenses of
a fund because this is a clear measure that does not demand us to guess the holding

period for the investors.

To investigate the relation, I consider the following regression:

f€€8t = const + 6aat—1,t—12 + Bao-t—l + Btnatnat—l + ﬂageaget—l + ﬂturnturnt + €.
(45)

Here turn, is the turnover ratio of the fund over the year from month ¢ — 11 to
t. This regression combines annual and quarterly data: we can only access turnover
ratio at annual or quarterly frequency, yet I keep monthly notation to simplify the

comparison with other regressions.

The results for this regression are reported in Table 2.2, columns 1-2. 1 obtain
positive coefficients of both past realized alpha and sigma. While alpha has only a
small impact on explaining the dependent variable (about 0.5% of its variability),

sigma has much higher impact (more than 3%) 2.

It is possible that sigma is not the best predictor among all the variables related
to the second moment of alpha or returns. For example, volatility of monthly after-fee
or before-fee returns may impact fees more. I have tried to replace sigma with these

two measures of volatility ?* and find that they have smaller impact: they explain less

22 Adding restriction on age does not change the results qualitatively, and I do not report them.
231t might be better not to use both sigma and volatility of the monthly returns in the same

regression because their correlation is approximately 55%. However, using both in the same regression

keeps them significant, and the contribution of sigma is higher.
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than 1% of the variability in fees. Moreover, in order to test the short-term effects of
second moments, | included square of past month’s alpha in the regression, with and

without sigma, and in both cases this regressor was insignificant at 10% level.

There is another possibility: agents react more to upside in alpha than to downside,
and thus the second moment of alpha over the past year may have to be divided into

positive and negative parts. I consider the following regression:

2 2
feesy = const + Boov_14-12 + 5+O‘+,t—1,t—12 + E—Q—,t—l,t—m"‘

+ﬂtnatnat—l + /Bageaget—l + /Bturnturnt + €t. (46)

Here Oé2+,t71,t712 and 0427,1571,%12 are two measures of square terms: first is the
average of squares of alpha over the last year when alpha was positive, and second
is the average of squares of alpha over the last year when alpha was negative, with a

minus sign (so that this latter average is negative or zero).

I report the results in Table 2.2, columns 3-4. Both square terms have positive
coefficients as expected. However, these two measures may not be the best explanatory
variables for the level of fees. Indeed, if we consider the explanatory power of sigma
and these two square terms, we observe that sigma contributes more than 3% in R-
squared, and square terms explain less than 1%. This may mean that sigma is a more

appropriate measure in this case.

The result T obtain is reasonable. Assume that volatility is a characteristic of the
manager. If we think that investors are ready to bear risk?*, and they like upside more

than downside?, then this result is in line with positive relation of fees to volatility

2480% of the respondents to Investment Company Institute (2009) indicated that they are ready
to bear average or above risks for average or above returns, and 50% said they prefer average risks

and average returns.
25GQtarting from Sirri and Tufano (1998), we observe that fund flows are more responsive to good

performance and weakly responsive to bad performance of a mutual fund. This is a partial evidence

that investors value upside more than downside.
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26. I

for a fixed level of alpha show in section 2.4 that a risk-neutral agent (v = 0) may

like volatility, that is, his expected utility may increase in the volatility of log-return.

I cannot reconcile the results regarding positive sign of past performance with
those shown in Gil-Bazo and Ruiz-Verdu (2009). Namely, they find that fees are
negatively related to past performance. While their sample is slightly bigger in size,
based on marginally different criteria, has higher average returns and alphas, and they
estimate alphas and betas on a 5-year window, this cannot explain huge difference in

results.

2.3.3. Fund Flows Depend Positively on both Alpha and Sigma

In this section I consider relation between fund flows, alpha and sigma. The results
I show differ from existing literature (e.g., Sirri and Tufano (1998)) as I get positive
relation between fund flows and sigma; note, however, that I use volatility of 4-factor
alpha rather than volatility of returns. To obtain evidence on the relation, I construct

flow variable as:

tna; — (1 + rety)tna;_4

(47)

flow, =
tnas_q

Here ret; is the before-fee return of a fund and tha; is its total net assets at time
t. Flow is the percentage change in the fund’s total net assets from time ¢ — 1 to time
t that does not come from a mechanical increase in the fund’s assets because of the

return on assets.

I run the following monthly regressions for monthly flows:

flowy = const + Biow,—1 flows—1 + Briow,—2flowi—o + Breesfeesi—1 + Bai0u—14—12+

+Bo¢,2at—l + 60'0—15—1 + 5tnatnat—1 + ﬁageaget—l + €t
(48)

26Gil-Bazo and Ruiz-Verdu (2009) and Cramers and Petajisto (2009) find similar positive relation
in their data: the former paper shows positive relation of fees to volatility of before-fees returns,

while the latter shows positive relation of fees to tracking error in their descriptive statistics.
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flOwt = const + 6flow,—lfl0wt—l + Bflow,—2flowt—2 + ﬂfeesfeest—l + 5&,1at—1,t—12+

+ﬁo¢,2at—1 + B-{—ai,t_l’t_lg + ﬁ—a2_7t_17t_12 + Btnatnat—l + Bageaget—l + €t
(49)

and the following monthly regressions for average quarterly change in flows:

flowy 9 = const + Briow flowi_z 5 + Brees feesi—s + Baip—3 414+

+6a,205t—3 + 600-15—1 + Btnatnat—3 + ﬁageaget—3 + €. (50)

flowy o = const + Briow flows_3 5 + Breesfeesi—s + Ba10u—31-14+

+6a,204t—3 + B+O‘i,t73’t714 + ﬁ—a%,t73,t714 + 6tnatnat—3 + Bageaget—S + €¢- (51)

I control for several variables which were found to be important in explaining fund
flows?”, including past fund flows (flow;_1, flow;_s), level of fees (fees; 1), total net
assets and age. Variable flow;_g, s, represents average flow in the fund over months

t—s1 tot— so.

Results of the regressions (48)-(51) are summarized in Table 2.3, columns 1-4. I
find that both coefficients 5, and [, are positive and that both alpha and sigma
explain about 0.3% of the variability in fund flows. When regressions (49), (51) are
considered, we see that square terms are as good in terms of explaining variability of
fund flows as sigma, and that downside effect is not significant for both regressions,
showing convex relation of flows to performance as in Sirri and Tufano (1998). Note,
however, that in their paper they also consider the impact of volatility of after-fees

returns on fund flows and find the opposite (negative) effect.

While this result is expected for alpha, it is not so for sigma. One may think that
sigma is a proxy for riskiness of the fund and the agents should prevent themselves
from holding the fund with high sigma. However, this seems not to be true for our
dataset: agents invest more in the fund that has shown higher volatility in the past.

There are two explanations for this result.

2"However, I do not include total complex size and flows into competitors; I will include them

later.
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First, it may be a mechanical relation. We have some evidence that sigma decreases
with the size of the fund. If flows increase more in smaller funds, higher sigma leads
to higher fund flows. However, our regression shows that fund flows depend positively

on the size of the fund which contradicts this explanation.

Second, it may be that the agents correctly predict what would happen in the
future. If they expect that the manager i invests more of the fund into a passive
portfolio when the size of a fund increases, and if they observe higher volatility of
her today’s portfolio than that for the manager j, they may believe that in the future
manager ¢ will still invest more in an active portfolio than the manager 5 and thus may
have higher expected returns. This explanation is closer to the evidence provided in
Cremers and Petajisto (2009): more active funds, that is, funds with higher deviation
from an appropriate benchmark, produce higher alpha. T discuss this result more in

theoretical framework in section 2.4.

2.3.4. Difference in Fees Depends Positively or Negatively on Sigma and

Positively on Alpha

This section is devoted to time-series changes in fees and their relations to alpha,
sigma and fund flows. Dataset allows me to check for such relations since there are

more than 10,000 points at which a fund changed its fees.

I start with the following logit regression:

Dummy(Afees;) =
= A(COTLSt + 5feesf€est71 + 5a06t71,t712 + Boo-tfl + 5tnatnat71 + 6ageaget71 + et)‘

(52)

Here Afees; = fees, — fees,_1, and Dummy(Afees;) = 1 if fees increase and
Dummy(Afees;) = 0 if fees are reduced. A is the distribution function of the logistic

distribution.

I include past level of fees to control for different attitude towards reducing fees:

if fees are already high, it is reasonable to expect them to decrease and this regressor
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may increase the predictability of the changes in fees.

I divide the sample into two time periods: 1980-1999 and 2000-2008. While most
of the changes happened in the second part of the sample, the first part consists of less
funds, lower competition and, similar to Gil-Bazo and Ruiz-Verdu (2009) and Wahal

and Wang (2010), may have different coefficients or signs of coefficients.

I report results in Table 2.4, columns 1-2. Note that in the first subsample, sigma
has positive impact, while in the second it has negative impact. One possible expla-
nation is that risk aversion of a fund manager changes over time, and second time
period might consist of more risk-averse managers. I discuss it in more details in the

section 2.4.

What is more important, however, is that we always observe strong and negative
dependence on past realized alpha. This means that among all the funds changing fees,
the funds that show lower performance in the recent past tend to increase fees, not to
reduce them. This result seems to be counterintuitive: funds with lower performance

shall decrease fees because their expected abilities are lower than in comparable funds.

To check the magnitude of this relation, I consider regression of the change in fees

on the same set of regressors:

Afeest = const + 5feesf€€5t71 + ﬁaOétfl,tfH + 6o'o—t71 + ﬁtnatnatfl + ﬁageagetfl + €.
(53)

Results of the regression are summarized in Table 2.4, columns 3-4. I find that
B is negative and that [, is positive in the first period and negative in the second.
Their impact, however, is small: sigma explains around 0.5% of variability in both
subperiods, while alpha contributes around 1% in the first subperiod and almost 5%

in the second subperiod.

At the same time, the level of fees for the funds changing fees have different
behavior in two subsamples. We see that the level of past fees is (correctly) negatively
related to the change in fees. What we may expect is that the funds increase fees if

they had lower fees than comparable funds before the change, and they reduce fees if
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the level of fees was higher. To check for this possibility, I compare fees for the funds

that change and do not change fees:

fees,_1 = const + By Dummy;” + f_Dummy; + Bati—14-12 + Bo0i—1+

+6tnatnat—1 + Bageaget—l + €t, (54)

fees,_1 = const + B, Dummy, A fees, + B_Dummy, Afees, + Baci—14-12 + Booi—1+

+ﬁtnatnat71 + ﬁageagetfl + €t,
(55)

Here Dummy;” = 1 if Afees, > 0, and 0 otherwise; Dummy; = 1 if Afees, < 0,
and 0 otherwise. Regressions (54)-(55) represent a test for the level of fees at time
t — 1 for the funds that change fees at time ¢. The first regression checks for the
presence of the effect, while the second one also checks for magnitudes depending on

magnitudes of the change in fees.

Results of these regressions are summarized in Table 2.5. Before 2000, funds that
shrink fees had higher fees than comparable funds, and funds that increase fees had
lower fees than comparable funds. The former is still true for the subsample after 1999,
but the latter does not hold: funds that increase fees tend to have higher fees than
comparable funds. This result is interesting because it also shows possible difference
between two subperiods: in the recent years, funds tend to increase fees despite they

already had higher fees than their competitors.

Negative relation between fees and past performance seems to be counterintuitive.
We may consider another explanation: fees respond to the past performance, but
at the same time, they are set regarding the future expected performance. Past
performance may not be a good estimator for future performance, and thus we may

end up with a spurious relation.

To check for this possibility, I implement the following strategy. I consider next
year’s performance of a fund that changes fees and compare it to this fund’s per-

formance over the current year. I expect that funds that increase fees show higher
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difference between alphas, and funds that reduce fees show lower difference between

alphas than comparable funds. To check this, I run regression:

Qg p—11 — Qp—12,1-23 = CONSt + Brees fe€si_12 + Binatnai_12 + Bageages—12+

+By Dummy,t [, Afees; 1o + B Dummy; ,Afees; 12 + €. (56)

I run this regression in three different forms. The first one includes only the funds
that changed fees at time ¢ — 12. The second one includes all the funds; in this case,
change in fees equals 0 if there was no change at time ¢ — 12. Finally, the third one
includes only the fund-month observations of the funds at the same month when at
least one change has been done. For each of these three regressions, I report results
for two subsamples (before 2000 and after 1999). The results of the regressions are
summarized in Table 2.6%. Note that fees change is negative when funds decrease
fees, and thus positive coefficient S_ means that the funds that reduce fees worsen

their performance in the new year with respect to the last year.

Note two important things. First, performance improves for the funds that increase
fees, and it worsens for the funds that decrease fees. Second, these changes are
economically significant: funds that increase fees by 1 basis point per month tend to
increase alpha by approximately 1.7 basis points in 2000-2008. These results might
mean that fund managers correctly predict improvement in future performance and
adjust fees correspondingly. Moreover, for existing investors this result is positive:

the fund that increases fees tend to make net profits for investors.

However, the results should be treated with caution: if we consider regression

Q11 = const + Bay_12,4-23 + Breesfeesi—12 + BinalNai—12 + Bageager 12+

+B4 Dummy;” 1, A fees,_1o + f-Dummy;_,Afees,_12+ ¢,  (57)

coefficients 5, , f_ are still positive for the whole sample and after 1999, yet they

are negative before 2000, and none of these coefficients is significant. Thus, the result

28] get very similar results if I use dummy for fees change instead, but I prefer to concentrate on

the dependence on magnitudes of fees change
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of increasing performance seem to be driven mostly by time-series improvement of
a fund’s alpha rather than by a cross-sectional advantage of the funds that increase
fees. Yet it is still some evidence which supports the idea that managers and investors
are rational, and future performance of a fund is reflected in the manager’s decision

to change fees.

Finally, I consider dependence of fund flows on change in fees. Similar to Sirri and
Tufano (1997), we may expect that reduction in fees leads to increasing fund flows,
and increase in fees have the opposite impact. I check for this effect including regres-
sors Dummy;” A fees;_1, Dummy," {Afees;_; in the regression (48), and regressors
Dummy | Afees;_1, Dummy;” | Afees;_; in the regression (50). Results are reported
in the Table 2.3, columns 5-6. As one can see, fund flows indeed decrease when fees
increase, and the effect is economically significant: for each 1 basis point increase in
fees, fund flows decrease by 2.3 basis points over the next month and by 9.6 basis
points during the next quarter. Similarly, for 1 basis point fall in fees, there is 2.6
basis points increase in fund flows over the next month and 10.8 basis points increase
during the next quarter. This result differs from the one in Sirri and Tufano (1998):
they show that only negative change in fees has an impact on fund flows. Note that

my sample is bigger and includes more fees changes.

2.4. The Model

In this section I describe the model and the implications for the optimal choice of
the fees for a fund given that investors care both about alpha and its volatility. This
simple model serves to show how empirical results of the previous section may be
rationalized. However, I do not claim to test the model: it is provided only for the

sake of completeness as an example of possible explanation for the empirical findings.

There is a continuum of agents indexed by ¢ € [0,1] and a continuum of active
funds indexed by j € [0,1]. Agents may invest in any active fund or an index fund.

Return function for the funds is specified in section 2.4.3. T assume that investors do
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not impact prices, and I solve partial equilibrium model.

Each agent (investor) is endowed with 1 unit of money and invests all this money
in one active fund or in the index fund. I assume that the agent may only invest
in one fund because of (not modeled) costs of account creation. There is a trade-off
between active funds and index fund: the former delivers higher returns but imposes

fees, while the latter is zero-fee but delivers lower return on average.

The model is essentially two-period. I assume that there may be any number
of periods, but both agents and managers maximize one-period utilities, and I only

derive implications for one-period change in fees and fund flows.

2.4.1. Funds’ Returns

I assume that each fund possesses the technology of return generation. Namely, each

fund j produces log-return of the form r;(u) ~ N(a;(p), 03 (1)) where p is the total
measure of agents who invest in this fund and o, 0]2» are two continuous and differen-

tiable functions of the form:
aj(p) = 0;0(p), o3 () = v;0* (). (58)

I am agnostic about these functions for a moment and will further specify them

in the section 2.4.3 but I demand that they are decreasing in p .

Important assumption I make is that the expected return on any active fund is
higher than the expected return on the index fund. While in the cross-section of the
funds it appears that most of the funds do not have an ability to generate alpha 3°, I
assume that ex ante funds with negative expected excess return could not raise any
money and thus will not invest. I also assume (without loss of generality) that the
highest measure of agents who could invest in one given fund is 1 and that o;(1) = ay

where a; is the expected log-return of the index fund. It means that the net (after

fees) excess return on the given fund with respect to the index fund is negative if

29Gome empirical evidence for this assumption is provided in the section 2.3.1.
30Gee, for example, Fama and French (2008).
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i = 1, which gives interior solution for the measure of agents investing in a given

fund.

Total return on a given fund can be written as:
R;(p) = exp(r;(p)).

Each active fund imposes a fee ¢; on investors and this fee is proportional to the
final wealth of the fund 3'. Thus, the value an investor gets from the fund j is equal

to:
Rj(p) = (1 — ¢;) exp(r;(p)). (59)

2.4.2. Investors’ and Funds’ Decisions

Investor i has constant relative risk aversion (CRRA) utility function from the return
of fund j of the form:

-
Rj
1—7

U(R)) = (60)

Investor maximizes expected utility at time ¢ based on the belief that log-return
has normal distribution specified in 2.4.132. Expected utility from the fund j if the
measure of investors of this fund is p; is given by:

(L—¢)'™

EUi(R;) = —— 5

exp((L —y)a(p;) + (1 = )05 (1) /2). (61)
Investors require the same utility from all the funds and hence:
(1 = ¢j) exp(ay(py) = (v = Doj () /2) = exp(ar — (v = 1)o?/2), Vj € [0,1].  (62)

Fund manager j has constant relative risk aversion (CRRA) utility with risk aver-

sion coefficient v, and maximizes expected wealth given that the measure of investors

31'We exclude performance-based fees because they are rare in the mutual fund industry.
32Note that given CRRA utility, the wealth invested is irrelevant for the pricing, that is, investing

1 unit is the same as investing any given amount W.
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1S pu;:
(A (et _
BURy) = = Bexpl =) =
_ —(Ci“i)w;M exp((L = mar)ay () + (1 = 7a0)*03 (1) /2)- (63)

Manager takes (62) into account and maximizes his utility with respect to fees. In

the next section I derive her optimal fees for some simple functions o, ajz.

2.4.3. Return and Volatility Functions

I consider an example of the functions «;(u), o;(x) which allows us to obtain a simple

solution for the relation between fees and fund size. Assume that
aj(p) = af —v;In(u), o7 (p) = of — 0;In(p). (64)

These functions satisfy conditions (1) = oy, 051 = oF and a;(p) > oy, 05 () >
02,0 < u < 1. Note that lower v; means lower abilities of the fund manager because
in this case return function is lower. However, impact of 6; is more complicated. If
all the agents are risk-averse with coefficient v > 1 then volatility impacts the fund’s
fees and flows in a negative way, yet if some agents have risk aversion lower than 1,

they prefer higher volatility.

I assume that there is a learning process on v;,6; and I do not specify it here. [
assume that higher v; represents the belief that the manager j has higher abilities,

and realizations of «;, 0]2- such that
a;(pe) > ar — v;(t)log(u;(t)), o3 (1) > o7 — 0;(t) log(u;(t))

lead to higher next period estimates v;(t 4+ 1) > v;(t),6;(t + 1) > 6;(1).

In this case from (62) and (64) we get:

= (1— Cj)1/(Vj+9j(1—7)/2)7 (65)
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and from (63) the manager maximizes:

140w —1)/2 -y,

c;(1— Cj)l/(l’j+9j(1*’7)/2) « u;”j+6j(7hl_1)/2 _

=ci(l—c¢)* = 66

e ;6172 (%

This equation allows us to get the optimal fee for the manager:
1—Cj:1+(9j(’)/M—1)/2—Vj‘ (67)

¢ vj+0;(1—7)
I derive the following implications:
Proposition 2.1. Assume that v < 1. Then, other things being equal:

1) For a given level of 032-, funds with higher o; charge higher fees. Similarly, the

fund j charges higher fees than the fund k if a; = oy, and 032 > 0;

2) Fund flows (defined as the difference between pi; in two successive moments)

increase both with v; and 0;;
3) Difference between fees in two successive moments depends positively on v;;

4) Difference between fees in two successive moments depends negatively on 0; iff:
1—v<vi(ym+v—1). (68)

Proof of proposition 2.1:
1) This result follows from the equation (62).
2) This result follows from the equation (65).
3) This result follows from the equation (67).

)

4) To prove this result, I start from equation (67) and rewrite:

oo L0t —1)/2—v; 1400 +y—2)/2
vi+0;(1—7)/2 vi +0;(1—7)/2

1. (69)

Note that the last fraction is monotone in ¢; and increases in it iff:

1 +y—2
S TS 1=y <vilymw +v—-2). (70)
v; 1—7
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If x increases in 0, fees decrease in it. This proves proposition 1. [

Proposition 2.1 provides a rationalization for the results of the empirical section.
Funds with higher alpha and higher sigma charge higher fees if v < 1, and fund flows
depend positively on past performance and sigma. Moreover, change in fees depends

positively on expected performance.

Relation between change in fees and sigma is more tricky: until 2000 we observe
negative relation, and after 1999 the relation is positive. This may mean that, in terms
of the model, risk aversion of fund managers increases after 1999, possibly because of
increased competition. Thus, it is still possible to rationalize this result in the model

by increasing v, after 1999.

Note that, for v > 1, predictions 1) and 2) regarding volatility impact are the
opposite, and statement of part 4) holds if the sign of inequality 68 is the opposite.

Yet to support the empirical results, I should assume that v < 1.

Compare the results of this section with the results of two theoretical papers. As
Berk and Green (2004) show, higher volatility of expected returns leads to lower fund
flows because precision of the signal derived from realized return is lower. In their
framework, returns have normal distribution, and volatility only impacts updating rule
for the ability of the manager. Hugonnier and Kaniel (2008) show that for log-utility
investors and log-normal returns in a dynamic setting, fund fees depend positively on
the volatility of past performance. This is the result of more extreme (higher equity
share) positions held by funds with higher fees. However, in their setting results are
driven by the ability of a fund to invest in the riskless asset, an assumption that seems

implausible for mutual funds. Moreover, there is no competition in their framework.

2.5. Conclusion

This paper is devoted to the study of the relation between fees and performance in the
U.S. mutual fund industry. The paper of Gil-Bazo and Ruiz-Verdu (2009) shows that

there is a negative relation between the two, and they provide a behavioral explanation
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of this relation. I take one step forward and investigate the relation between fees, fund
flows, risk-adjusted performance ("alpha') and its volatility ("sigma"). I find several

novel empirical facts.

First, the level of fees is positively related both to alpha and sigma, opposite to
what is shown in Gil-Bazo and Ruiz-Verdu (2009).

Second, fund flows increase both in sigma and alpha. This result may mean that
investors have low enough risk aversion and consider volatility of log-returns as a
positive sign of fund manager’s abilities. I also show that the funds that increase fees
tend to obtain lower fund flows for the next one to three months, and the funds that

decrease fees experience higher fund flows.

Third, I show that when a fund alters fees, this change depends positively on past
sigma before 2000 but depends negatively starting from 2000. Intuitively, this might
represent increase in risk aversion of the fund managers over time. Moreover, the
change depends negatively on past alpha. This last result seems to be counterintuitive
as funds with lower past performance increase fees, yet this might be related to the
fund manager’s ability to predict higher performance in the future. I show that
increase in fees is followed by improved performance: for every 1 basis point change
in fees, funds tend to increase alpha by approximately 1.7 basis points in 2000-2008.
However, this only means that these funds revert to average performance after they
change fees: in the cross-section, performance of the funds that change fees does not

differ much from the other funds.
Finally, I provide a simple model that allows to rationalize these findings.

My future research in this setting is to consider trading strategies based on two
variables: change in fees and sigma. As we see, both variables have an impact on future
performance of the fund, and thus they may allow to distinguish between better and

worse funds.
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2.6. Tables
Table 2.1: Alpha and sigma with respect to the fund size.
Variable Coefficient in | Coefficient in | Coefficient in | Coefficient in
(41) (42) (43) (44)
Alog(tna) -0.932%** -2 57Kk -0.56%%* -4.75e-04
(0.096) (0.117) (0.02) (0.0113)
log(tna) 0.00656%** -0.0163%** -0.00439** -0.0208%**
(0.0021) (0.0016) (0.002) (0.0035)
age -1.2e-04* -2.96e-04*** -0.0017%** 2.7e-04%*
(6.48¢-05) (4.76¢-05) (7.19¢-05) (1.14e-04)
o =23 .4%%*
(0.845)
Adj. R? 6.02 7.87 13.46 28.14
Obs. 248227 242426 205665 203646

This table reports estimated coefficients for monthly regressions (41)-(44) between 1980 and

2008. Dependent variable in columns 1-3 is the difference in alpha in two successive months,

quarters or years, respectively. In column 4, dependent variable is the difference between sigmas in

two successive months. Discussion is in the section 3.1. The coefficients are estimated by pooled

OLS regression. Covariance matrix for error terms is a robust estimator in the case of correlated

errors. *, ** and *** means significance at 10%, 5% and 1% level, respectively. Standard errors for

coefficients are reported in parenthesis. Obs. is the number of observations. All coefficients are in

percentage terms.

80



Chapter 2: Mutual Fund Performance, Fees and Flows

Table 2.2: Level of fees, alpha and sigma.

Variable Coefficient in (45) | Coefficient in (45) | Coefficient in (46)
w/o o
o1 0.678%**
(0.07)
Qf—1,¢—12 0.131%** 0.255%%* 0.169%**
(0.047) (0.052) (0.051)
O&-,t—l,t—lZ 1.39%*%
(0.17)
o2 1410 -0.66%**
(0.11)
turng 0.011%** 0.0126%** 0.0124%**
(0.0013) (0.0014) (0.0014)
ages_1 1.07e-04%** 1.19e-04*** 1.16e-04***
(1.54-05) (1.566-05) (1.55-05)
log(tnas_1) -0.0104*** -0.0109%** -0.0101%**
(5.78¢-04) (6.04e-04) (5.98¢-04)
Adj. R? 92.19 19.15 19.96
Obs. 58709 58709 58260

This table reports estimated coefficients for the quarterly/yearly regressions (45) (columns
1-2) and (46) (column 3) between 1980 and 2008. The dependent variable in columns 1, 2 and 3 is
the level of fees in a fund. Discussion is in the section 3.2. The coeflicients are estimated by pooled
OLS regression. Covariance matrix for error terms is a robust estimator in the case of correlated
errors. *, ** and *** means significance at 10%, 5% and 1% level, respectively. Standard errors for
coefficients are reported in parenthesis. Obs. is the number of observations. All coefficients are in

percentage terms.
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Table 2.3: Fund flows, alpha and sigma.

Variable C.in (48) | C.in (49) | C.in (50) | C.in (51) | C.in (48) | C.in (50)
o 5.69%%* 7.97FK* 5.59%%* 7.88%K*
(1.41) (1.5) (1.4) (1.5)
Qmonth 6.24%%* 6.05%** 4 87K 4.971%%% 6.16%** 4.84%%%
(0.61) (0.61) (0.47) (0.46) (0.61) (0.47)
Qyear 88.96%** 89.59%** 85.8%** 86.06%** 88.8TH** 85.82%**
(3.35) (3.54) (3.84) (4.16) (3.36) (3.84)
o% year 6.65 16.63%%*
(4.34) (4.32)
o2 ear -6.86* -6.64%*
(3.8) (3.2)
flow;_y 2.62%%* 2.42%* 5.78%*% 6.33%%* 2.6%% 5.76%%*
(flows 34 5) | (0.98) (0.93) (1.72) (2.17) (0.97) (1.72)
flow;_o 1.73%%x 2.97%* 1.72%%*
(0.51) (0.78) (0.51)
fees -889.83% K% | _86R.32%KF* | 098 42FFK | _9E2.THFRX | 889, (09FF* | 996 12%F*
(50.1) (49.97) (54.54) (54.5) (50.1) (54.54)
age -0.00904%¥* | -0.00868*** | -0.00918*** | -0.0088*** | -0.009%** | -0.0092%**
(4.66e-04) | (4.81e-04) | (5.15e-04) | (5.46e-04) | (4.66e-04) | (5.15e-04)
log(tna) 0.162%** 0.161%** 0.11%%% 0.111%** 0.16%** 0.111%%*
(0.013) (0.013) (0.014) (0.0145) (0.013) (0.0141)
feesdif f+ -225.96%%* | 318 88%**
(75.93) (70.62)
feesdif f_ -255.96%%* | 332 52%**
(77.47) (79.37)
Adj. R? 13.25 12.55 15.41 14.71 13.25 15.4
Obs. 224388 221313 222269 219112 223837 221734

This table reports estimated coefficients for the monthly regressions (48)-(51) between 1980
and 2008. The dependent variable is monthly fund flows in columns 1, 2 and 5, and average
quarterly fund flows in columns 3, 4 and 6. Columns 5 and 6 include fees change as a regressor;
discussion is in the sections 3.3 and 3.4. The coefficients are estimated by pooled OLS regression.
Covariance matrix for error terms is a robust estimator in the case of correlated errors. *, ** and
*** means significance at 10%, 5% and 1% level, respectively. Standard errors for coefficients are
reported in parenthesis. Obs. is the number of observations. All coefficients are in percenta%z
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Table 2.4: Difference in fees, alpha and sigma.

Variable Coefficient  in | Coefficient in | Coeflicient in | Coeflicient in
(52), 1981-1999 | (52), 2000-2008 | (53), 1981-1999 | (53), 2000-2008
o 5.02%* -10.57%** 0.26%** -0.269%**
(2.5) (1.94) (0.1) (0.062)
Qyear -34.04%** -39.04%** S1.51%%* -1.53%%*
(4.44) (3.46) (0.186) (0.119)
fees -657.59%** -64.12 -37.06%** -8.49%H*
(93.9) (57.75) (3.75) (1.78)
age 0.0288*** 0.00313*** 1.53e-04*** 8.5e-05%**
(0.0009) (0.0004) (3.35e-05) (1.28e-05)
log(tna) -0.227%** -0.122%** -0.00875%** -0.00205%**
(0.03) (0.178) (0.00115) (5.34e-04)
Adj. R? 5.22 13.81 8.69 17.8
Obs. 3968 9189 3985 9193

This table reports estimated coefficients for the regressions (52) and (53) between 1980 and

2008. The dependent variable in columns 1 and 2 (logit regression) is the sign of difference in fees

in a fund at the moment when fees are changed, and in columns 3 and 4 (pooled GLS regression)

is the actual change in fees. Discussion is in the section 3.4. Covariance matrix for error terms is

a robust estimator in the case of correlated errors. *, ** and *** means significance at 10%, 5%

and 1% level, respectively. Standard errors for coefficients are reported in parenthesis. Obs. is the

number of observations. Coefficients in columns 1 and 2 are in absolute terms, and coefficients in

columns 3 and 4 are in percentage terms.
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Table 2.5: Level of fees and change in fees.

Variable Coefficient  in | Coefficient  in | Coefficient  in | Coefficient in
(54), 1981-1999 | (54), 2000-2008 | (55), 1981-1999 | (55), 2000-2008

o 0.694*** 0.666*** 0.687*** 0.661***
(0.101) (0.0777) (0.101) (0.0777)

Oyear 0.158%** 0.168%** 0.157%%* 0.153%***
(0.025) (0.026) (0.028) (0.031)

feesy -0.0054*** 0.00779*** -3.49%* 11.73%**
(0.00203) (0.001) (1.59) (1.4)

fees_ -0.0076*** -0.0098*** -11.32%%* -15.7HHE
(0.0019) (8.82e-04) (1.48) (1.09)

age 9.31e-05%** 1.17e-04*** 9.33e-05%** 1.17e-04***
(2.55e-05) (1.63e-05) (2.55e-05) (1.63e-05)

log(tna) -0.008*** -0.0119%** -0.00803*** -0.00118***
(8.5e-04) (6.14e-04) (8.52e-04) (6.12e-04)

Adj. R? 13.55 19.54 13.49 19.56

Obs. 82714 151431 85110 154552

This table reports estimated coefficients for the regressions (54) and (55) between 1980 and

2008. The dependent variable is the level of fees. fees; and fees_ represent dummy variables in

columns 1 and 2, and dummy multiplied by actual fees change in columns 3 and 4. Discussion is

in the section 3.4. The coefficients are estimated by pooled OLS regression. Covariance matrix for

error terms is a robust estimator in the case of correlated errors. *, ** and *** means significance

at 10%, 5% and 1% level, respectively. Standard errors for coefficients are reported in parenthesis.

Obs. is the number of observations. All coefficients are in percentage terms.
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Chapter 3: Human Capital, Training and Portfolio Choice over the Life Cycle

3. Human Capital, Training and Portfolio Choice over

the Life Cycle

3.1. Introduction

Human capital is the most important non-financial source of income. The wage
streams associated with it and housing are the only sources of wealth for the house-
holds with no exposure to financial markets. Thus it seems interesting to investigate
the behavior of agents who can influence their future incomes through human capi-
tal channel. This approach allows to endogenize earnings and consider simultaneous

decisions on portfolio, consumption and labor choices.

There are three main ways to alter the human capital of an agent. First and
the most important is to get a university degree or an MBA. I will not consider this
type of education and will model it with the difference in initial human capital. The
second way is "learning-by-doing" which means that a person can change his overall
knowledge at work. The last one is to have short training courses, either general or
specific to the job or firm in which the agent works. All three ways help to increase
future streams of wage income, and they make earnings endogenous on the decision

to train or acquire knowledge.

This chapter examines the model in which the agent can choose his time of work
and training, as well as consumption and portfolio allocation. With a given proba-
bility, he can be unemployed in any period, and he maximizes the expected utility
derived from consumption, leisure and final wealth. I assess the ability of the model
to replicate general properties of U.S. data on wealth and wage distribution, working

time and share of risky asset in the portfolio.

Recent research has shown the ability of life-cycle models to match U.S. data.
Yaron et al. (2006) study the model in which agents with learning abilities fixed for
the whole life can divide their available time between working for wage and increasing

human capital. They set the wage per unit of human capital to be constant and
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thus endogenize the wage income because of changes in human capital. The paper
shows that the cross-sectional distribution of earnings can be matched closely for
some initial distribution of abilities and human capital. Yet this paper does not
consider consumption/leisure or portfolio choice and does not report the simulated
labor supply. Moreover, the authors matched the behavior of the wage income from
age 20 to 58 and do not take into account sharp decline in earnings in the ages 60-65

that can not be explained by the model.

Shaw (1989) solves the model of leisure and consumption choice with quadratic
function for human capital accumulation and no bequest. The wage is determined
from equilibrium conditions. She estimates the parameters of the model using U.S.
data and shows that rental rates of human capital should be changing over time to

match the labor supply and investment in human capital choice.

Gourinchas and Parker (2002) consider the framework with consumption choice in
which they are able to characterize consumption over the life cycle for different groups
of consumers taking into account their education. The income process is exogenous
and stochastic. The authors show that households save actively in later periods while
enjoy consumption on earlier stages of their life. They argue that this behavior is

incompatible with benchmark models of representative consumer.

French (2005) builds the model to study labor supply and retirement behavior. He
allows the agents to differ in their health and to choose consumption and leisure. The
process for wages is stochastic, depends on individual’s characteristics and includes
autoregressive part. The author shows that wealth accumulation is close to what is
observed in the U.S. data, yet the shape of the labor supply in earlier ages can not

be reproduced.

Cocco, Gomes and Maenhout (2005) study the models in which wage income is
an exogenous yet realistically calibrated process. In these models the agent chooses
consumption and portfolio, and wage income plays the role of riskless asset because
its return is uncorrelated with the equity return. The findings support common rule

of decreasing share of risky asset in the portfolio and generate consumption profiles
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reasonably close to the U.S. data.

Ameriks and Zeldes (2004) and Wachter and Yogo (2009) provide empirical evi-
dence on portfolio share dependence on wealth and age. It is shown that in Survey of
Consumer Finance the share of risky assets in the portfolio rises with wealth and is
non-decreasing in age (note, however, that there is a cohort effect that impacts higher

share of risky investments for baby-boom generation).

Finally, Gomes, Kotlikoff and Viceira (2008) consider flexible labor supply and
portfolio choice model in which leisure and consumption are substitutes and utility is
non-separable in these two variables. Authors include retirement in the model, and
wage follows exogenous stochastic process. The shapes of labor supply and consump-
tion correspond to the data. Portfolio share behaves as a decreasing function of age

until retirement and increases afterwards.

My model is similar to Yaron et al. (2006) in human capital process and differs
in three dimensions. First, the agents can use training to raise human capital. This
allows the agents to accumulate knowledge faster in younger and middle ages and
contributes into the increase in variation in wage income with age. Second, I allow for
portfolio and consumption choices. Third, I assume that the agent can be unemployed
with i.i.d. rate in any period. This feature of the model influences the resulting share
of the risky asset in portfolio and makes it inversely U-shaped rather than decreasing

with age.

The main results of this chapter are the following. I show that the levels and shapes
of wealth and wage income can be matched. The labor supply is a decreasing function
of age and the level of training shows inverse U-shaped behavior. Portfolio holdings
exhibit an inverse U-shaped form and are low at earlier years, while consumption is
an increasing function of age but is almost flat near retirement. It is also shown that

the results are qualitatively robust to changes in parameters.

In the next section I set up the model and shortly discuss the solution tools.

In section 3.3 I discuss the data and the parameters for calibration. Section 3.4
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summarizes the results, and section 3.5 states some robustness check. Conclusions

finalize the chapter in section 3.6.

3.2. The Model

3.2.1. Assets, Wealth and Investment Opportunities

Agents have two types of assets: financial wealth X; and non-tradable human capital

H; which generates wage income.

There are two financial securities in the economy: a risk-free bond with return Ry
and a risky equity with log-normally distributed return R;. I assume that returns on
risky asset are i.i.d. over time periods. The agent decides on the portfolio share of

the riskless asset (1 — ;) and o is invested in stock.

The agent also receives wage income. I assume that labor market is competitive
for workers. It means that the agent is paid the wage W; for the unit of human capital
supplied to the labor market; hence, his income is equal to Y; = W, H;L;. Here L, is
the labor supply. Wage is assumed to follow Markov chain with two states. One of
the states is set to be 0 to capture the effect of possible unemployment of the agent
and the other depends on time (see section 3.3 for details). I call these two states

"unemployment" and "employment", respectively.

Finally, human capital can be increased in two ways. First, the agent experiences
"learning-by-doing" and his human capital improves with more time spent on work.
Second, he can train his abilities and augment the future expected income stream, yet
this is a costly activity both because of a decrease in leisure and direct financial costs
(the costs are included into the budget constraint (2)). I denote training time by E;.

The evolution of human capital is assumed to be

Ht+1 = eaﬁHEt)\H((l — (st)Ht + CLLt). (71)

Here 0, is the rate of depreciation of human capital and a is the learning ability

of the agent; the difference in the latter across agents is shown to be important to
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explain cross-sectional distribution of wage income in Yaron et al. (2006). As in that

paper, I consider a to be fixed for the agent for the whole life cycle.

Compare (71) to what Yaron et al. (2006) use: in their paper the evolution of
human capital is

Hyoy = (1= 0)Hy + a(H,(1 — Ly))".

The difference is that, first, the "training" or production of human capital a(H;(1—
L))" is not a proportional factor which it appears to be in econometric analysis (see
discussion of parameters in section 3.3), and the returns on human capital are higher
for a given level of labor supply in their model. Second is that time spent on the
work is not considered to increase human capital. The final difference that has to be
emphasized is that in Yaron et al. (2006) human capital depreciation rate J is constant
over time while in my model it is different in the first and the second half of the life

cycle; this allows for a better matching for wage income and wealth accumulation.

Training costs depend on the state of wage: they are equal to c. for the unit in
employment state and ¢, for the unit in unemployment state. Denote the costs of

training as c(W}).

The timing of the model is the following. In the beginning of period ¢ the agent
knows his wealth X, human capital Hy, learning abilities a and wage W, and chooses
portfolio allocation, labor, training and consumption. The agent faces the borrowing
constraint and cannot borrow using future income as a collateral, thus C; < X; +Y;.

In the end of the period return on equity is realized.

The budget constraint for financial wealth is then:

X1 = WieH Ly + Xy — Cy — (W) Ey) (e Ry + (1 — ou) Ry). (72)

I do not include tax on wage income because this only changes the scale of W;.
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3.2.2. Agents and Preferences

I assume that there is a number J of agents who live for a fixed number of periods
T. The agents are different in their learning abilities, initial levels of human capital,
financial wealth and investment opportunities. Agents 7 = 1, ..., J; can invest in risky

equity, while agents j = J; + 1, ..., J can not.

Consider first an agent j = 1,...,J; who has a given learning ability (a), initial
financial wealth (X, > 0) and human capital (Hy > 0), and is able to invest in the
risky asset. Each period the agent is endowed with 1 unit of time and maximizes
expected utility which is separable in consumption and leisure:

T 1—-
Clr (1—L,— ES)HL) oy XA
s 2 +v + K — . 73

max E;

Here Cy is the consumption at time s whereas L, and E are labor supply and

training chosen at time s, and I set lower bound for leisure such that L + E; < L.
1—y

X . .
V(Xr41) =k lT_f; captures bequest motives and retirement wealth.

The agent maximizes (73) taking into account (71), (72) and "no default" con-

straint:

X; > 0. (74)

Agent j = J; + 1,...,J is unable to invest in the risky asset and he solves the
same problem except his share of stock is always 0, a; = 0. For this type of agents
randomness is generated by changes in wages. From now on I do not differentiate two

types of agents unless it is stated explicitly.

3.2.3. Solution of the Model

The problem can not be solved analytically and is solved numerically using backward

induction and Bellman equation.

In the end of the last period the agent has utility V' (X741) and solves the problem
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in the beginning of period 7" with constraints (2-4):

Cy 7 (1—Lp— Br)t™
GO Gl ek W BErV(Xri1) ). (75)
1—’7 1_>\L

VT(XTa HT) = max <

Cr,BEr,Lt,ar
The solution is trivial in Ep, since V' does not depend on Hry; and thus Er = 0.

In period s =1,...,7 — 1 the agent solves the problem with constraints (2-4):

Ccr (1—L,— B\
14
1-— Y 1-— )\L

Vi(Xs, Hg) = max (

Cs,Es,Ls,as

+ BES‘/;-'F]. (Xs-‘,-la Hs—i—l)) .
(76)

The model is solved using grid search, Gaussian quadrature and piecewise shape-

preserving cubic interpolation in X; and linear interpolation in H,.

3.3. Data and calibration
3.3.1. Data

I use two databases to construct the proxies for wealth, wage income, labor and
training. Panel Study of Income Dynamics (PSID) supplies statistics on wealth,
labor time and wage income for several years from 1983 to 2004 (I use data for 1983,
1988, 1993, 1998, 2000, 2002 and 2004 due to availability of the data on wealth in
these years). The same data was also studied by Yaron et al. (2006). The total
number of observations used in the chapter is 8035 for stockholders and 29151 for
non-stockholders which is roughly 865 per year. The other database is National
Longitudinal Survey of Youth 1979 (NLSY79) that has multiple training questions,
namely the length of the training. This data is available for ages 23-49 only. In
NLSY79 the number of persons who receive training equals 11148 out of 115543. I
set the upper bound for the training to be 400 hours per year and thus the number

of observations used to generate first two moments for training is equal to 10024.

I consider the following variables as proxies for the model’s variables. There are
two wealth proxies I take into account. The first one is the sum of stock and bond

holdings. The second one is wide wealth measure including housing, durables and
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business. I abstract from the cohort effect and consider raw moments of the data.
Training proxy is the total time spent on four technical /vocational training courses in
NLSY79. This variable is shown to have the most effect on wage increase in Frazis and
Loewenstein (2004). I also consider the shape of training reported in the Organization
for Economic Co-operation and Development "Economic outlook" (1998), pp.139-140:
the share of workers who receive professional and career-upgrading training in the U.S.

has a peak at 45-55, slightly decrease afterwards and is increasing from 25 to 45.

Figures 3.1-3.3 show data averages for labor, training, financial wealth (I do not
show total wealth), wage income and portfolio share invested in risky asset over the life
cycle. Financial and total wealth and wage income are calculated for the respondents
of PSID who possess more than 100 and less than 500000 dollars of financial wealth in
1984 real terms. On Figure 3.2 these variables are expressed in U.S. dollars deflated
to 2006. Interestingly, the mean of training is almost flat for all the ages available in
NLSY79. I put right axis on Figure 3.3 to show number of hours of training per year.
The average number of hours spent on training is close to 74 per year over the ages
23-49 and the standard deviation of this mean is approximately 7 (if we exclude two
outliers at ages 23 and 48). Labor is restricted to be between 400 and 4000 hours per

year. We observe an almost flat labor supply and variable wage and wealth.

Figure 3.4 shows the proportion of agents who invest in risky asset. This share is
increasing over the life cycle and averages to 0.3 in PSID. The only variable that can
not be explicitly defined for each group of agents is training (because it is not present

in PSID). I assume that the fraction of stockholders in the whole population is 0.3.

3.3.2. Parameters: Returns, Utility Function and Discount Rate

Time period in the model is one year. There are T" = 41 periods, the agent starts his

life cycle at age 23 and retires at the beginning of age 66.

The logarithm of the risk-free rate is 1% and risk premium is 4%. Discount rate

is 8 = 0.96.
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The parameters of the utility function for the unconstrained agents in the bench-
mark model are chosen in such a way that the share of the risky asset is reasonably
high and the labor supply is closer to the flat one. I set v =8 and A = 7 to achieve
both goals. Then £ = 20000 is such that the distribution of wealth is similar to that
in the data and v = 3 is chosen to match average labor supply. We can rewrite the
retirement function as V(Xr) = 43.6% for this parametrization; the average
final wealth will be around 2.4 for the unconstrained agents and hence x is not very

high given this scale.

The constrained agents have slightly different utility function, namely I change x
to reflect the fact that consumption streams should be reasonably high and average
labor supply is lower. If « is the same as for the unconstrained agents, the constrained
agent will save more to meet the requirement to have higher retirement wealth and
will work more. However, in the data non-shareholders work less on average than
stockholders. To achieve lower wealth accumulation and lower labor supply, I set

r = 3000 for the constrained agent.

3.3.3. Parameters: Labor and Training

The (real) wage for employed is set to be equal to Wy = 0.2 in the last period (for
scaling purpose) and is equal to W; = W;/(1 + ¢g)T~* where g = 0.0014 is chosen to
fit PSID growth rate for average real earnings per working person. Since there are
two ways to increase human capital and we observe decrease in the real income in the
end of the life cycle, the depreciation rate of human capital is set to be higher than
in Yaron et al. (2006) and is equal to 4% on average. In the benchmark model I set

65, =0.02fort=1,..,22 and &, = 0.06 for ¢t = 23, ..., 41.

This choice of the parameter ¢ in the benchmark model makes the decrease in
human capital faster in older ages and allows to generate correct shape of wage in-
come. Yet it is disputable, and for the robustness check I solve the model with flat
depreciation rate. I show that the shape of earnings can not be properly replicated.

In the model with flat rate the peak of wage income is in the fifties rather than in the
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forties, and this is the result of the proceeding human capital raise in the second part

of the life cycle.

There are 90 hours per working week that may be spent on work, training and
leisure (we exclude 30 hours the agent may spend on sleep). The lower bound of
leisure is set at L = 0.1 (that is, 27 hours) and thus the agent cannot work and train
more than 4500 x 0.9 = 4050 hours per year. The upper bound for labor in the model
is thus 0.8. Note that average labor supply over the life cycle is around 2125 or 0.48

in PSID. Parameter v is chosen to match average labor supply of 0.5.

I restrict training time to take no more than 0.098 of total time that adds up to
400 hours per year. This is a reasonable upper bound since in the NLSY79 sample

maximum training time is less than 400 for almost 90% of the sample.

I set Ay = % as in Frazis and Loewenstein (2004). This paper and several others
(Bartel (1995), Booth, Bryan (2005)) have shown that average increase in wage for
60-100 hours of training is 4 — 6%; I set Sy = 0.4719 because higher constant leads
to very high levels of training. With this parametrization, 74 hours of training (the

average number of training hours in NLSY79) means 6% increase in wages for the

agent with the learning ability a = 0.5.

The cost of training is more tricky to model because most of the training is paid by
the employer (or government if a person is unemployed). Yet there is some evidence
(Loewenstein, Spletzer (1998), Booth, Bryan (2005)) that during the training time a
person either has lower wage because spends less time on work, no wage if he trains
before the job or just shares costs with the employer. Moreover, staying with the same
employer reduces the returns on training in comparison to changing the employer after
the training. This means that our assumed increase in wages is higher than in reality
because there is no change of work in the model. Thus, to generate realistic levels of
training I consider explicit cost of training and set it to be ¢, = 1.5 (or 2500 dollars
in 2006 for the training of 74 hours) and ¢, = 0.1. The parameters are summarized

in Table 3.1.
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Table 3.1: Parameters of the model

Parameter Value
Discount rate (/3) 0.96
Utility function parameter () 8
Utility function parameter () 7
Retirement wealth parameter for unconstrained (k) 43.6
Retirement wealth parameter for constrained (k) 43.6
Wage increase parameter (Sg) 0.4719
Training power parameter (A ) 1/3
Cost of training for employed (c.) 1.5
Cost of training for unemployed (c,) 0.1
Leisure utility parameter (v) 3
Human capital depreciation (9) 0.02; 0.06
Share of agents able to invest in risky asset 0.30

3.3.4. Calibration

The main goal of the calibration exercise is to match first moments of five variables:
wealth X;, wage income W, H;L,, training time E;, labor time L; and portfolio share
oy. 1 concentrate on financial wealth and do not take into account total wealth of the
agent that includes housing, business and durables. The total wealth is approximately
two times higher than financial wealth in PSID. I report mean and standard deviation
of the total wealth W and all the other variables in Table 3.3 for stockholders and in
Table 3.7 for bondholders. I summarize the levels for different age groups. It may be
better to report financial variables as a ratio to earnings at the same age yet I report
them in U.S. dollars deflated to 2006 for simplicity and to make comparison more

clear.

I solve the model for a range of possible values of learning ability: a = 0.3,...,0.5

for unconstrained agents and a = 0.2,0.25, ..., 0.4 for constrained agents. This range of
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parameters is chosen because of the following arguments. First, the agents with lower
abilities would have lower returns on training since the increase in wages for the agent
with ability @ = 0.3 spending 74 hours on training is 3.4% which is low enough. Thus
the training will be too expensive for them and they will not train at all. Second, the
agent with ability lower than a = 0.2 work too much on average, his average working
time over the life cycle is close to 0.6. These agents are unable to increase their human
capital by means of training, they have low return on learning-by-doing and hence
they have to work more to produce reasonable streams of consumption and wealth.

Yet this high labor supply contradicts the data.

I simulate the behavior of all the variables. For a given a, initial level of wealth is
Xo = 0.2 for agents who can invest in the risky asset (that is, approximately 30000
dollars which corresponds to PSID data) and X = 0.02 for agents who can not invest
in stock. Also, I start from different levels of human capital that depend on learning
ability. For a given a, all the pairs (a, H) have the same probability. I assume that
for higher level of learning ability a initial level of human capital is higher on average.
This assumption is plausible for two reasons. The agent with higher ability to learn
may have better pre-work education. Moreover, the agents with high abilities acquire
high levels of human capital during the life cycle. Even if they start with lower initial
human capital, they end up with higher human capital and wages. Yet in the data
the order is preserved: agents who earn more in the middle and older ages tend to
earn more in younger ages. This means that the agents with better learning abilities

tend to have higher initial human capital.

Consistent with Figure 3.2, I assume that constrained agents have lower abilities

and lower initial human capital on average.

The exact pairs (a, H) are reported in Table 3.2. The choice for the stockholders
is motivated by the fact that the initial wage at age 23 is around 30000 dollars, so
that around 0.2 in terms of the model and that the maximum wage at ages 38-56 is
approximately 2.5 times higher (in U.S. dollars of the year 2006) than initial wage at

age 23. Combining these facts, the goal is to choose initial levels of human capital
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Table 3.2: Distribution of learning abilities and initial human capital

Value of a | Values of H, Unconstrained | Values of H, Constrained
0.2 - 0.9, 1.1

0.25 _ 0.9, 1.1

0.3 1, 1.2 1, 1.2

0.35 1.2,14 1.2, 1.4

0.4 1.4,1.6 1.4,1.6

0.45 1.6, 1.8 ;

0.5 1.8, 2 :

such that the behavior of the earnings is inversely U-shaped with a peak at ages 40-49.

The choice for non-stockholders is similar, but I set even lower initial human capital

because the wage is lower for this category (25000 dollars at age 23).

3.4. Results for the Benchmark Model

The results for the unconstrained agents are shown in tables 3.4-3.6 and the results
for the constrained agents in tables 3.8-3.10. I report average levels of the variables
over the life cycle. Labor and training are expressed in fractions of total available
time. There is no plausible proxy for consumption in PSID so that T do not report
it and do not report standard deviations in the simulations. The standard deviations

are expressed in the same units as the variables.

Figures 3.5-3.8 show the average behavior of the respective variables for both types

of agents.

Figures 3.5 and 3.6 show the behavior of wage income and wealth for constrained
and unconstrained agents, respectively. Financial wealth is accumulated more aggres-
sively in the model than in the data, but this behavior is partially explained by the

fact that I do not take into account other types of wealth, for example housing. Total
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wealth including non-financial wealth is approximately two times higher than finan-
cial wealth in PSID and simulated wealth is closer to the total wealth. The overall
accumulation of wealth repeats the shape of that in the data until the last period
(ages 56-65) when the agents in the model start de-saving. This result is in line with

the previous research, for example Gomes, Kotlikoff and Viceira (2008).

Wage income exhibits inverted U-shape as in the data and matches the data closely.
The agents increase their human capital and earnings sharply until earlier fiftieth and
start to acquire less training and learning after that age. Earnings increase slower in

the ages 23-30 than in the data and behave well in the last periods.

The main caveat is consumption. In the utility function, consumption and leisure
are compliments; this means that higher leisure leads to higher consumption unlike in
Gomes, Kotlikoff and Viceira (2008). This result contradicts the summary in Gour-
inchas and Parker (2002), yet consumption still shows reasonably flat behavior in the
end of the life cycle and does not increase substantially. Also, consumption increases
over the life cycle which is consistent with the evidence reported in French (2005) and

Gourinchas and Parker (2002).

Figure 3.7 shows the average share of risky security in the portfolio. The model
generates too high share of risky asset in the middle ages: while in PSID data the
share is close to 0.5 and never reaches 0.6 in the middle ages, simulated proportion
of financial wealth in equity is increasing until ages 51-60. Moreover, the share is
above 0.7 for the agents with higher learning ability and higher initial level of human

capital.

Nevertheless, this result should not evoke much of concern. The inverted U-shape
of the risky share in the portfolio is related to the fear of simultaneous unemployment
and bad portfolio return which preserves low alpha for the beginning and the end of
the life cycle; this is an important result missing in many life-cycle models. At the
same time, agents with higher abilities and higher wealth begin to invest more into
risky asset because they can cover their consumption in bad times until they become

employed and they are eager to collect higher returns on investment. The result is
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actually close to what is shown in Ameriks, Zeldes (2004) and Wachter, Yogo (2009):
the share of risky asset is increasing in wealth and non-decreasing in age. In my model
wealth and age are closely related by means of human capital accumulation and thus

inverted U-shape pattern is reasonable.

Training and labor are shown in Figure 3.8. Training is not matched closely and
follows inversely U-shaped pattern but this is mostly because of the fact that training
is not very volatile over the ages in NLSY79 and has approximately the same mean
for all ages. Yet the share of agents receiving training increases with age in the model
which reflects the ability of the agents to give up a part of consumption and leisure
for future earnings. The younger the worker, the less wealth he possesses and the less
he is willing to spend time on additional activities except working. This pattern is
somehow disputable because Mincer (1989) and Loewenstein, Spletzer (1998) mention
that the agents have more training in younger ages than in older ones, but the share
of workers who receive training is almost the same as in NLSY79 in all the ages
with the mean 8.7% and standard deviation of only 0.6%. Dearden, Reed and Van
Reenen (2005) mention that the share of workers receiving training is around 14% in
the first half of the 1990th, and Bartel (1995) has a sample with 50% attendance of
training. This may mean that the actual share of trained workers and the hours they
spend on training is higher than in NLSY79. The study published by Organization
for Economic Co-operation and Development (1998) reports the shape similar to the
one the model predicts: the training participation peaks for workers at ages 45-54 and

slightly decreases for workers at ages 55-65.

Moreover, learning-by-doing involved in the model allows employees to improve
their skills even without formal training and thus the number of formally trained
agents decreases compared to the model with no learning-by-doing. The overall be-
havior of the agents is rational: they raise human capital by learning on work until

they find it impossible and then start to acquire paid training.

The labor in the model does not behave so close to the data and is too high in

the first periods, but qualitatively the results are close to what is shown by French
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(2005). The shape of this variable is not replicated, but the overall decrease in labor
supply is the same as in PSID.

Second moments of the data are matched to a lesser extent. Wage income and
wealth have rising standard deviations until the age 60 but are lower than in the data,
and most of the other second moments are also low. Interestingly, the volatilities of
labor and training are matched better than the ones of the financial variables. The
reason for lower standard deviations in the model than in the data is that the abilities
of the agents are very close to each other and thus lead to a small variance in financial
variables. Despite that, the overall behavior of variances is like in the data: the
difference between the agents increases over time until the retirement age. It would
be interesting to see what happens if we allow higher variance in the initial level of

human capital and abilities, and this is a step to be performed.

3.5. Robustness Check

To understand what drives the results of the model I implement two robustness checks
for the unconstrained agents in the benchmark model. The first one is to set a = 0.5
and consider flexible labor supply. The second one is to set L = 0.5 (that is, the
average labor supply for the whole life cycle) and to derive optimal policy rules under

this assumption.

Then I change the utility function to see the dependence of the variables on pa-
rameters v and Ayp. The model is solved for the following parameters of the utility
function: v =5, A\ =3, v =8 A = 3, v = 5, = 7. The coefficients x and v
are changed to preserve the same average labor supply for the life cycle and produce

similar consumption streams. I do not report them here.

Finally, the model with flat § = 0.04 is considered. The other parameters are the

same as in the benchmark model.

Tables 3.5 and 3.6 contain the optimal solutions for the benchmark model with

a = 0.5 or L = 0.5. We see that the agent who can not change his labor supply is

101



Chapter 3: Human Capital, Training and Portfolio Choice over the Life Cycle

worse off getting lower wage and consumption stream than the unconstrained agent.
He accumulates more wealth at the end of the life but has lower utility of leisure. The
result comes from lower training and lower share of risky asset in the portfolio: the
agent acquires less wealth in younger ages than agent with free labor choice, he is less
willing to train in the middle ages and thus end up with the peak of wage at fifties,

lower consumption stream and higher wealth at the end of the life cycle.

The agent with constant share of risky asset, however, follows very similar dynam-
ics as one with no constraints, and the reason is that the average share of risky asset
in the portfolio over the life cycle is very close to 0.5 in the benchmark model. Labor
supply behaves closer to the data though still misses the correct shape (increase in
the earlier ages). Wealth is accumulated with almost the same pace until retirement

because of fixed share of risky asset.

The results for different parameters of the utility function are shown in tables
3.9-3.11. For both models with v = 5, average levels of wealth and wage income seem
to be similar to the benchmark model, but the shape of the earnings is skewed to the
end of the life cycle, that is, the peak values are produced in the late fifties or early
sixties. The share of risky asset, as expected, is higher and close to 1 in the middle
ages due to a lower risk aversion, and labor supply is more flat than in the benchmark
model when A\;, = 7 but falls more sharply when A\; = 3. Training behaves similarly
to the baseline results, and wealth accumulation is more aggressive due to a higher
share of risky asset in the portfolio. Consumption follows more reasonable pattern

than in the benchmark model and decreases slightly in the end of the life cycle.

For v = 8 and A\, = 3 results are very close to the benchmark model, but the
difference is nonetheless significant. First, the shape of wage income does not follow
the data and has a peak in fifties rather than in forties. Second, labor supply declines

sharply and matches the data even less.

Finally, I report one model with flat 6 = 0.4 for the unconstrained agents, see Table
3.12 (the results for different utility function parameters and constrained agents are

qualitatively similar). In this case the peak of earnings is in fifties or sixties and
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wealth is increasing until the retirement. Thus flat depreciation rate can not produce

correct shape of wage income and wealth in the model.

3.6. Conclusions

In this chapter, the model of human capital accumulation and portfolio choice for
constrained and unconstrained agents is studied. It is shown that the model can
produce qualitatively and quantitatively correct shapes and levels of wage income
and wealth. I find that the model generates reasonable patterns for consumption and
labor supply. Both share of risky asset in the portfolio and training exhibit inversely
U-shaped form. The differences in wages are partially captured by the difference in

abilities of the agents.

There are several possible ways to improve the model. First, the model assumes
that the wage rate is constant and thus the labor market is competitive. It is inter-
esting to include other types of wage process to reflect business cycle features. The
retirement income paid at retirement age can also be included and this may produce

more flat behavior of labor supply.

Second, most of the training is explicitly paid by the employer. We may consider
the model in which the costs of training are low or even zero. The way to make the
agents getting reasonable levels of training hours may be to assign the possibility to
train randomly or to assume that the returns to training are random. In this case the
agent will choose training time taking into account the loss in leisure and possibility
of having no increase in human capital. Final improvement in this direction may be
to consider "matching model". Namely, employers may arrange training only to the
workers who are productive enough, so that agents with high enough realized abilities

could get training. This may also improve training and leisure choice.

Third, we may consider habit-dependent preferences. As is shown in Kiley (2010),
preferences with habits allow for a better match for consumption and leisure in U.S.

data. This may also make consumption less volatile, and may allow for a reduction
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in the risk aversion.

Finally, the model may allow for more realistic unemployment rates and include
possibility of death or labor inability. This may also change the labor supply and
training choices because the agent will take into account the randomness of future

earnings.
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3.7. Figures

Figure 3.1: Share of equity in the portfolio, data.
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This figure shows average share of equity in the portfolio, depending on age. For the

discussion, see section 3.3.
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Figure 3.2: Wealth and wage income, data.
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This figure represents average wealth and wage income for stockholders and these

who hold bonds only, expressed in U.S. dollars. For the discussion, see section 3.3.
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Figure 3.3: Labor supply and training, data.
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This figure shows average labor supply and training, depending on age. Left axis

represents labor supply in fractions of the available time, while right axis represents

training in hours per year. For the discussion, see section 3.3.
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Figure 3.4: Share of the population investing in stocks, data.
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This figure shows the fraction of the population in the U.S. investing in stocks,

depending on age. For the discussion, see section 3.3.
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Figure 3.5: Wealth, wage income and consumption for constrained agents, simulations.
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This figure shows average wealth, wage income and consumption for constrained

agents, expressed in U.S. dollars, depending on age. For the discussion, see section

3.4.
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Figure 3.6: Wealth, wage income and consumption for unconstrained agents, simula-

tions.
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This figure shows average wealth, wage income and consumption for unconstrained

agents, expressed in U.S. dollars, depending on age. For the discussion, see section

3.4.
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Figure 3.7: Share of risky asset in the portfolio, simulations.
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This figure shows share of risky asset in the portfolio for unconstrained agents,

depending on age. For the discussion, see section 3.4.
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Figure 3.8: Labor and training, simulations.
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This figure shows average labor and training for both constrained and unconstrained

agents, depending on age. Left axis represents labor supply in fractions of the

available time, while right axis represents training in hours per year. For the

discussion, see section 3.4.
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3.8. Tables
Table 3.3: Data.
Stockholders, mean Stockholders, std
Age W X @ L E Y X e L E Y
23-30 | 78173 | 35980 | 0.531 | 0.482 | 0.016 | 43940 || 58779 | 0.297 | 0.134 | 0.006 | 28666
31-40 | 199833 | 80582 | 0.556 | 0.506 | 0.016 | 68258 || 133651 | 0.299 | 0.116 | 0.009 | 51976
41-50 | 293753 | 146065 | 0.532 | 0.498 | 0.016 | 75940 | 198402 | 0.304 | 0.122 | 0.008 | 58650
51-60 | 428738 | 199037 | 0.512 | 0.473 | 0.016 | 71189 || 232081 | 0.307 | 0.130 | 0.009 | 60486
61-65 | 567382 | 212514 | 0.513 | 0.418 | 0.016 | 57659 || 254816 | 0.319 | 0.145 | 0.004 | 49602

This table shows means and standard

deviations of the data from PSID and NSLY for

stockholders. W is the total wealth including housing, X is the financial wealth, « is the fraction of

the risky asset in the portfolio, L is the labor supply, E corresponds to training hours, and Y is the

wage income. For the discussion, see section 3.3.

Table 3.4: Benchmark model.

Model, mean Model, std
Age X @ L E Y X o L E Y
23-30 | 52669 0.260 | 0.735 | 0.00 39794 || 12656 | 0.032 | 0.027 | 0.00 6091
31-40 | 125370 | 0.390 | 0.574 | 0.009 | 58027 || 37507 | 0.093 | 0.052 | 0.006 | 9251
41-50 | 232224 | 0.690 | 0.447 | 0.019 | 75001 | 103192 | 0.17 0.088 | 0.008 | 14841
51-60 | 366383 | 0.577 | 0.383 | 0.017 | 70889 || 170805 | 0.202 | 0.118 | 0.005 | 17411
61-65 | 355898 | 0.344 | 0.342 | 0.005 | 57975 || 138964 | 0.046 | 0.148 | 0.001 | 17411

This table shows means and standard deviations of simulated data for stockholders.

X is

the financial wealth, « is the fraction of the risky asset in the portfolio, L is the labor supply, F

corresponds to training hours, and Y is the wage income. For the discussion, see section 3.4.
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Table 3.5: Fixed labor supply (L = 0.5).

Model, mean Model, std
Age X o L E Y X @ L |E Y
23-30 | 32319 0.282 0510 24066 3536 0.064 0 |0 4625
31-40 | 69984 | 0.300 0.5 | 0.004 40208 6803 0.037 0 | 0.003 8825
41-50 | 161051 | 0.423 0.5 | 0.009 65474 15621 0.160 0 | 0.004 22784
51-60 | 357865 | 0.436 0.5 | 0.007 71022 23955 0.254 0 | 0.002 27389
61-65 | 482307 | 0.286 0.5 | 0.003 65102 33465 0.142 0 | 0.002 23190

This table shows means and standard deviations of simulated data for stockholders with

fixed labor supply L = 0.5. X is the financial wealth, « is the fraction of the risky asset in the

portfolio, L is the labor supply, E corresponds to training hours, and Y is the wage income. For the

discussion, see section 3.5.

Table 3.6: Flexible labor supply, fixed share of risky asset (o = 0.5).

Model, mean Model, std
Age X o L E Y X a | L E Y
23-30 | 53414 | 0.5 | 0.728 0.00 39344 14934 | 0 0.046 0.00 6656
31-40 | 129829 | 0.5 | 0.572 0.010 57500 40167 | O 0.056 0.007 9264
41-50 | 216497 | 0.5 | 0.458 0.021 74166 74924 | O 0.082 0.010 15059
51-60 | 329557 | 0.5 | 0.411 0.016 72971 125447 | 0O 0.114 0.007 16922
61-65 | 344385 | 0.5 | 0.355 0.005 59338 120269 | 0 0.132 0.002 17025

This table shows means and standard deviations of simulated data for stockholders with

fixed « = 0.5. X is the financial wealth, « is the fraction of the risky asset in the portfolio, L is the

labor supply, E corresponds to training hours, and Y is the wage income. For the discussion, see

section 3.5.
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Table 3.7: Data.

Non-stockholders, mean

Non-stockholders, std

Age w X L E Y X L E Y

23-30 | 41076 6923 0.469 0.016 33034 17368 0.129 0.016 18020
31-40 | 87437 13910 0.488 0.016 44432 35120 0.121 0.016 29831
41-50 | 138106 | 25449 0.489 0.016 49151 58963 0.122 0.016 36821
51-60 | 198448 | 45235 0.467 0.016 46799 89984 0.127 0.016 34616
61-65 | 233138 | 49971 0.411 0.016 36354 103748 | 0.144 0.016 28317

This table shows means and standard deviations of the data from PSID and NSLY for

non-stockholders. X is the financial wealth, « is the fraction of the risky asset in the portfolio, L is

the labor supply, E corresponds to training hours, and Y is the wage income. For the discussion,

see section 3.4.

Table 3.8: Benchmark model.

Model, mean Model, std
Age X a | L E Y X a | L E Y
23-30 | 33999 0 0.708 0.001 29245 8532 0 0.032 0.001 4369
31-40 | 82967 | O 0.544 0.008 40873 23244 | O 0.058 0.008 6476
41-50 | 130265 | O 0.456 0.015 49714 32457 | 0 0.078 0.015 8545
51-60 | 171434 | O 0.427 0.010 46681 45255 0 0.088 0.010 9457
61-65 | 160564 | 0 0.389 0.003 38818 46643 | 0 0.106 0.003 6823

This table shows means and standard deviations of simulated data for non-stockholders. X

is the financial wealth, « is the fraction of the risky asset in the portfolio, L is the labor supply, E

E corresponds to training hours, and Y is the wage income. For the discussion, see section 3.4.
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Table 3.9: vy =5, A\ = T.

Unconstrained agent Constrained agent
Age X e L E Y X L E Y
23-30 | 41655 0.412 0.609 0 39672 25802 0.582 0.001 29011
31-40 | 86763 0.673 0.523 0.008 59450 57917 | 0.490 0.008 41996
41-50 | 180332 | 0.908 0.437 0.020 81575 95248 0.427 0.015 53276
51-60 | 328249 | 0.853 0.402 0.019 85028 137848 | 0.426 0.012 53713
61-65 | 433831 | 0.470 0.391 0.005 79410 182593 | 0.424 0.004 50483

This table shows means of simulated data for all agents.

X is the financial wealth, « is

the fraction of the risky asset in the portfolio, L is the labor supply, E corresponds to training

hours, and Y is the wage income. For the discussion, see section 3.5.

Table 3.10: v =38, A\, = 3.

Unconstrained agent Constrained agent
Age X o L E Y X L E Y
23-30 | 54381 0.268 0.777 0.00 42041 34384 | 0.725 0.002 29162
31-40 | 140134 | 0.513 0.589 0.013 60796 78647 | 0.514 0.014 37836
41-50 | 267362 | 0.881 0.416 0.021 71793 135815 | 0.421 0.021 46385
51-60 | 367777 | 0.732 0.320 0.014 58788 165944 | 0.344 0.015 35928
61-65 | 286783 | 0.406 0.289 0.004 44125 117625 | 0.297 0.003 25697

This table shows means of simulated data for all agents.

X is the financial wealth, « is

the fraction of the risky asset in the portfolio, L is the labor supply,E corresponds to training hours,

and Y is the wage income. For the discussion, see section 3.5.
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Table 3.11: v =5, A\, = 3.

Unconstrained agent Constrained agent
Age X ! L E Y X L E Y
23-30 | 40890 0.451 0.724 0.00 39864 36156 | 0.689 0.002 28922
31-40 | 95220 0.771 0.575 0.012 | 59397 82701 0.536 0.014 41423
41-50 | 202749 | 0.978 0.445 0.022 | 78134 142816 | 0.466 0.020 57013
51-60 | 347668 | 0.927 0.358 0.018 | 71234 174497 | 0.381 0.017 48921
61-65 | 318674 | 0.559 0.340 0.005 | 59743 123688 | 0.334 0.003 38466

This table shows means of simulated data for all agents.

X is the financial wealth, « is

the fraction of the risky asset in the portfolio, L is the labor supply, E corresponds to training

hours, and Y is the wage income. For the discussion, see section 3.5.

Table 3.12: v =8, A\, =7, 0 = 0.04, unconstrained agents.

Age X e L E Y

23-30 50924 0.257 0.740 0.00 38330
31-40 112272 0.366 0.608 0.007 51984
41-50 185833 0.552 0.507 0.016 63909
51-60 289247 0.516 0.429 0.013 71589
61-65 326900 0.359 0.356 0.005 67087

This table shows means of simulated data for stockholders.

X is the financial wealth, « is

the fraction of the risky asset in the portfolio, L is the labor supply, E corresponds to training

hours, and Y is the wage income. For the discussion, see section 3.5.
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