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Foreword

This year, the editorial staff of the McGill Journal of Economics (formerly
known as the McGill Journal of Political Economy) undertook a redesign project
in order to set a new precedent for the journal in future years. There have been
many much-needed improvements to the journal. For the first time in its history,
the Editorial Board has used LaTeX to style the MJE after a professional eco-
nomics journal. This year is also the first in which original undergraduate research
has taken centre stage with a focus on empirical and theoretical economics.

Furthermore, the selection process this year was more transparent and open
than in previous years. In the first stage, the Editorial Board narrowed the sub-
missions from 36 to 10 articles. These articles were then forwarded to the Selec-
tion Sub-Committee without any names so that decisions would remain unbiased.
The Sub-Committee selected the articles in this volume, while the Editorial Board
made and suggested improvements. This year’s finished project contains the 5
best articles that were submitted.

The Editor-in-Chief, Vassili Bazinas (B.A. Hons. ’11), deserves much of the
credit for the redesign ideas and implementation. Additionally, Jan Feys (Maths
Ph.D.) and Tobie Cusson (B.A. Hons. ’11) spent many hours formatting the
LaTeX template. We would further like to thank the Selection Sub-Committee,
which was composed of Rishan Shrestha (B.A. Hons. ’11), Hannah Herman (B.A.
Hons. ’12), Casey West (B.Comm. Hons. ’12), and Etienne Cayer (B.A. Hons.
’12).

In the following pages, you will find well-written articles from diverse fields as
experimental, financial, behavioral, and monetary economics. We hope that you
enjoy reading!

On behalf of the Editorial Board,

Michael Puempel
B.A. Hons. ’11
McGill Journal of Economics
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Public Goods and Ultimatums

By Tobie P. Cusson and Michael A. Puempel

This paper combines the main ideas captured by the dictator
and ultimatum games and incorporates them into the public goods
framework. For simplicity, the model developed is a three-player
game but can be extended to games of n players. Given any ar-
bitrary choice of parameter representing the public good effect, a
unique set of payoff parameters capture the three primary drivers
of the players’ strategy: competitive (Nash), socially optimal, and
equity inducing play.

I. Introduction

The world is plagued by individuals who myopically act in terms of their imme-
diate interests by under-investing into public goods and exploiting resources that
have externalized costs. While our collective failure is evident, as individuals we
are powerless to alter the course of events. The tragic nature of these types of
scenarios has been studied extensively under the rubric of public goods in both
game theory and experimental economics. Although present models help us to
understand human interaction and behaviour, a complete public goods model in-
volving all of the essential human factors has yet to be expounded. As such, the
research needed to understand these dilemmas remains incomplete. This paper
will propose a step toward bridging the gap that exists at present by provid-
ing a framework for a public goods game that incorporates ideas from the work
pertaining to human negotiation in the context of dictator and ultimatum games.

Dictator and ultimatum games have been extremely insightful for understand-
ing how and why people behave in the ways that they do. In order to simplify the
interpretation of the choices that are made, these games are generally played in
two-player groups. Contrastingly, public goods games have helped to reveal addi-
tional insights by exploring how larger groups of people respond when contributing
private resources towards the provision of goods that benefit each member of the
group indiscriminately.

This paper makes an original contribution to the field of experimental economics
by bringing these two research areas together through the introduction of a hybrid
game. This new game will help to show how decisions similar to those made in the
standard dictator and ultimatum games are made in the context of multi-lateral
negotiations. Although the proposed hybrid game has been designed specifically
for a three-player setting, the framework can be extended to model scenarios with
any number of players.

This experiment endeavours to provide insight pertaining to how contributions
toward a public good are affected when the good is a potentially retributive hu-
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man being that is endowed with a credible punishment threat. The approach
taken to answer this research question will test the hypothesis that competitive
behaviour results in under-contribution to human public goods that engenders
vindictive responses. This type of under-investment is believed to result in some
commonly observed negative outcomes such as hate crime and failure to coordi-
nate on extreme pollution.

To lay the groundwork for the hybrid game that will contribute to scholarship
related to this issue, Section II will begin by giving a brief literature review of
relevant work on dictator, ultimatum, and public goods games. Section III will
then provide an overview of each of these games, and Section IV will describe the
hybrid game’s design. The experimental approach will be detailed in Section V,
the hypotheses are laid out in Section VI, an overview of pilot experiment results
in Section VII, improvements in the experimental design are discussed in Section
VIII, and a conclusion is given in Section IX.

II. Literature Review

A. Ultimatum and Dictator Games

The ultimatum game was first introduced by Güth, Schmittberger, and Schwartz
(1982). These pioneers made their students participate in the first treatments in
their economics classes. Their work became prominent when Kahneman, Knetch,
and Thaler (1986) contrasted the ultimatum game to the dictator game. This pa-
per introduced a constrained version of what became the standard dictator game
by offering participants a choice between two specific bundles for splitting up $20
– either ($10, $10) or ($18, $2) favouring themselves. The logic of traditional
economic theory was undermined when three-quarters of subjects chose the equal
split, which was contrary to the presumed rationality of income-maximization.

The next notable contribution came from Thaler (1988) when he compared the
ultimatum and dictator games using separate treatments with real money and
showed that even splits occurred frequently in both treatments. Furthermore,
the decision to reject non-zero offers in the ultimatum game showed that the re-
sponders had significant non-monetary factors in their utility functions. Forsythe,
Horowitz, Savin, and Sefton (1994) reported similar results and showed statisti-
cally that the distribution of offers is different in the dictator and ultimatum
treatments.

Hoffman, McCabe, and Smith (1996) raised the stakes of the games to determine
whether the magnitude of the nominal value of the offer was the cause of the
rejections. They compared treatments of splits of $10 with splits of $100 and
concluded that the difference in stakes did not matter.

Camerer and Thaler (1995) propounded the idea that agents are guided by
good manners, and they contend that behaviours are learned. They claim that
most people make their decisions in ways that avoid making them be perceived as
acting rude. Although participant anonymity was already the standard, exper-
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imenter effect theories suggested that the experimenter’s knowledge of people’s
decisions made participants alter their behaviour. To correct for this possibil-
ity, double-anonymous treatments became commonplace where possible. Eckel
and Grossman (1996) ran double-anonymous dictator game treatments where the
dictators’ allocations were given to an established charity, which resulted in a
tripling of the allocation size.

Group treatments of dictator games were also explored and Cason and Mui
(1997), who reported that groups of two people, who jointly took the role of the
dictator, were more altruistic than individuals in the standard game. They also
found that the group of dictators was most influenced by the participant who
allocated more generously. However, results published by Luhan, Kocher and
Sutter (2006) report opposite findings and claim that teams are more selfish than
individuals, and groups of dictators are most strongly influenced by the more
selfish player.

B. Public Goods Games

Public goods games are characterized by multi-player groups that are composed
of individuals who are able to make contributions toward public goods; these
goods are beneficial, non-excludable and non-rivalrous. These games are usually
framed by a design that results in a social optimum when all players contribute
equally (usually their entire endowment). However, each participant has an indi-
vidual incentive to reduce their own contributions to zero, so the game requires
group coordination or individual selflessness to arrive at the social optimum.

Isaac, Walker, and Thomas (1994) investigate the occurrence of free-riding in
this type of setting. They define free-riding as a player choosing his or her domi-
nant strategy in a setting where there exists a single set of contributions, each of
which is dominated, that leads to an optimal result (where the optimal result is
better for everyone than the outcome resulting from using their dominant strate-
gies). They find that the feature with the greatest influence on outcomes is the
marginal per capita return (MPCR). The MPCR is defined as the ratio of per
capita benefit to the opportunity cost of contributing. An example to illustrate
how the MPCR is calculated is that if a private contribution of $10 resulted in
an increase in per capita payoffs of $3, then the MPCR would be 3/10. When
holding the MPCR constant, they do not observe any statistically significant evi-
dence for or against free-riding. Furthermore, Isaac and Walker (1998) do a more
thorough investigation of group size effects in public goods provisions, and find
that a pure group size effect is not supported when controlling for the MPCR.

III. The Standard Game

In a standard dictator game, one participant decides on an allocation of a finite
sum between himself and an anonymous agent. This recipient does not take part
in the decision-making process and simply receives whatever is given to him by
the dictator.
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The ultimatum game involves a similar two-player scenario but gives the re-
cipient an active decision to make. He must decide to either accept or reject the
allocation proposed by the first agent, with rejection resulting in a zero payoff
for both participants. Rejection is commonly observed when the recipient prefers
to sacrifice the allocation offered by the proposer. Such a sacrifice can be inter-
preted as the cost of punishing the proposer for a division of the endowment that
is perceived to be unacceptable.

Public goods games are generally played in small groups. All of the participants
in these groups are given an initial endowment and are asked to individually decide
how much to donate to a socially beneficial good. The value of the social good
is greater than the sum of the contributions to it, and this value is redistributed
evenly amongst all of the participants regardless of their contribution. These
games are often played over many rounds, and the contributions from all of the
participants commonly converge toward zero.

IV. The Hybrid Game

The experiments described in the first part of the literature review represent
only a small fraction of those performed using the basic dictator-ultimatum setup.
This framework involves one treatment with the dictator game format and another
with the ultimatum format. There have also been equally numerous public goods
games, which are performed with varying player asymmetries and types of public
goods. This paper endeavours to make a novel contribution by synthesizing the
dictator-ultimatum game into the public goods realm. This is accomplished by
making the public good a human participant. In one treatment he must accept
whatever the others offer, while in the second he is endowed with the credible
threat to punish allocations that are perceived to be inappropriate.

A. The Dictator Treatment

This design can be thought of as the control treatment. It is comprised of two
dictators, each of whom has an equal initial endowment. They must individually
decide how much they want to contribute to a communal pool. These two con-
tributions are aggregated and increased by a certain percentage. Following this
increase, a fraction of the total amount is given to the receiver, and another frac-
tion is returned to each dictator in equal measure (regardless of their respective
contributions).

The payoff equation for the dictators takes the following form for i = 1, 2

πdici = β(x1 + x2)(1 + α) + (λ− xi). (1)

In the above payoff function, πdici represents the payoff for each dictator, xi
is the amount of dictator i’s contribution, (x1 + x2) is the aggregated amount
of the two dictators’ allotments, α is the fraction of increase of the pool (α = 1
means the pool increases by 100%), β is the fraction of the pool that each dictator
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receives after the pool has been increased, and λ is the initial endowment of each
dictator. 12

The payoff structure shows that the dictators’ respective payoffs are comprised
of the transfer from the pool that they receive, as well as the remainder of their
total endowment that they did not contribute. Furthermore, since neither dictator
can be excluded from the transfer that arises from this pool, these transfers are
non-excludable, a key element of public goods games.

The receiver’s payoff in the dictator treatment is represented by

πrec = γ(x1 + x2)(1 + α). (2)

In this function, πrec represents the payoff for the receiver, (x1 + x2) is the ag-
gregated amount of the two dictators allotments, and γ represents the proportion
that the receiver is given after the pool has been increased by some fraction α.
The receiver can deduce the total amount of the sum (x1+x2), but is not informed
of the individual contributions. According to induced value theory, this asym-
metric information does not impact the receivers utility since it should depend
only on the sum (x1 + x2) and on the rates of α and γ. While the participants
are involved in many rounds, they are only paid according to the outcome of
one randomly chosen round to prevent wealth effects. Analogous to traditional
dictator games, the receiver has no control over the payoff function, as all of the
arguments within it are exogenously given.

B. The Ultimatum Treatment

The ultimatum treatment is structured in the same manner, but the roles are
slightly modified. The design replaces the dictators with proposers, while the
receiver becomes a responder. The proposers begin with the same endowment as
in the dictator treatment and independently decide how much to contribute to a
communal pool. The two contributions are aggregated and increased by the same
percentage as before. Following this increase, a fraction of the total amount is
offered to the receiver, and another fraction is returned to each dictator in equal
measure. The only modification is that in this treatment the responder has the
ability to punish all three players with a zero payoff if his final share of the pool
is viewed as unacceptable.

The payoff functions for this treatment are for i = 1, 2

πpropi =

{
β(x1 + x2)(1 + α) + (λ− xi) if γ(x1 + x2)(1 + α) ≥ µ,

0 if γ(x1 + x2)(1 + α) < µ,
(3)

and

1It should be noted that α ≥ 0 is some non-negative real number and 0 ≤ x ≤ λ.
2No subscript is needed for α and β as both dictators have an equal initial endowment and also

receive the same share of the increased pool.
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πresp =

{
γ(x1 + x2)(1 + α) if γ(x1 + x2)(1 + α) ≥ µ,

0 if γ(x1 + x2)(1 + α) < µ.
(4)

The variables in equations (3) and (4) represent the same factors as those that
appear in equations (1) and (2) but the superscripts on π for equations (3) and
(4) now represent the payoff for the proposers and responder respectively. The
variable µ represents the minimum payoff that the responder is willing to accept.

As stated in equations (3) and (4), if the minimum acceptance level, µ, is
above the amount of the total allocation that is offered to the responder, then
all players receive a zero payoff. However, the payoffs are the same as those
in the dictator treatment if the allocated transfer is greater than or equal to
the minimum acceptance level – analogous to the standard ultimatum game.
Furthermore, when the contributions are accepted, the payoffs resemble that of
a public goods game, as neither proposer can be excluded from the benefits that
are distributed from the pool.

V. Experimental Approach

The subjects used for this pilot experiment were members of a course in exper-
imental economics for advanced undergraduate and graduate students at McGill
University in Montreal, Canada. The experiment’s two treatments were com-
pleted by dividing the class into two groups – one group for each treatment. The
division of the subjects into separate groups prevented learning or reaction effects
to ensure that the two treatments were independent of one another.

The participants were asked to fill out the cue card with the specified infor-
mation for their role in the experiment (contribution amount or minimum ac-
ceptance level). The cue cards were collected at the end of each round in order
for the experimenters to calculate and update the payoffs. The cards were then
redistributed to begin the next round. The dictator (proposer) pairs were ran-
domly re-matched with a new receiver (responder) at the start of each new round
to prevent attempts at reputation building. In the time between the collection of
the cue cards and their redistribution, each participant was asked to complete a
Sudoku puzzle. None of the participants in the experiment were told how many
rounds there were going to be, and each treatment was stopped after 5 rounds
without any prior notice.

VI. Hypotheses

The dictator treatment serves as the control group and also as a basis for
comparison with a standard two player public goods game. As a result, the effect
of having an inactive human receiver instead of an inanimate public good can be
determined by comparing results from traditional public goods experiments with
the dictator treatment.
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Several expected results are analogous to those obtained in standard dictator
games. The first hypothesis is that as the number of rounds increases, the average
dictator contribution size will gradually diminish. The second hypothesis states
that allocations will converge to a specific level, although the individual contribu-
tions may not be equal. While the first hypothesis can be verified within a small
number of rounds, the second pertains to learning behaviour and is therefore
likely to require more repetitions.

The ultimatum treatment adds elements of risk and uncertainty that are not
equivalent to any known public goods game. Consequently, the expectation of how
standard ultimatum game behaviour will influence public goods scenarios provides
the basis for the third hypothesis. It states that the pool of contributions will
converge to an average level such that the responder will receive a lower payoff
than the proposers, and this expectation will be reflected by the typical responders
willingness to accept minimum amounts below those which lead to equal payoffs
for all participants. This convergence is expected to occur at a faster rate than
that of the dictator treatment, due to the possibility of a zero payoff that can
arise from miscalculation.

The fourth hypothesis states that proposers average contributions will be at a
level that is only slightly above the average minimum acceptance level. Although
the contribution levels will generally be enough to prevent rejected offers, the
competitive attitudes of the proposers will continually be pulling these contribu-
tions lower, causing the difference between these two averages to be small relative
to their respective variances. The heterogeneity of the participants combined
with the random re-matching of proposer pairs with new responders will result in
an inefficient number of zero-payoff responses. The competitive tendencies of the
proposers will work against the learning process and prevent the proposers from
exhibiting the learning behaviour needed to correct this outcome over time.

VII. Overview of Results

The payoff structure for the pilot experiment can be referred to in equations
(1), (2), (3), and (4) above. For both treatments, the value of the coefficients for
λ, α, β, and γ were 10, 1, 0.25, and 0.5 respectively. Furthermore, in the pilot
experiment only five rounds were conducted for each treatment, as time did not
allow for more trials.

A. The Dictator Treatment

The payoff functions for the participants in the pilot of this treatment for i = 1, 2
were:

πdici = 0.25(x1 + x2)(1 + 1) + (10− xi), (5)

and
πdici = 0.5(x1 + x2)(1 + 1). (6)
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The allocations were increased by 100% and the receivers share was half of the
increased amount, meaning that the receiver’s payoff was equal to the sum of the
allocations. The coefficients were chosen in this way in order to make the pay-
offs simple, and therefore as salient as possible. The mean proposal for the five
rounds was approximately 25% of the initial endowment ($2.53/$10), which is
not far from the typical mean of about 20% ($2/$10) in standard dictator games.
However, in the context of this experiment the receiver gets two of these alloca-
tions, making the average amount allocated to the receiver $5.06. The variance of
the allocations was relatively large ($14.42) compared to the ultimatum treatment
(see below). It is hypothesized that this high variance was extremely coincidental;
it arose because within each pair of dictators, one chose a zero allocation in each
round.

The average increased pool (IP) size, which is defined as the sum of the al-
locations after it has been multiplied the value of (1+α), gradually diminished
as the dictators who contributed non-zero amounts slowly reduced their alloca-
tions. Although these particular intra-group results are coincidental, the overall
trend of diminishing allocations is consistent with standard dictator games. This
declining trend of contributions is also evident when looking at receiver payoffs.
These results are consistent with the first hypothesis.

It is expected that if the number of rounds was increased, the pool of donations
would converge to an equilibrium amount that is less than that reached in the
pilot. The rate of convergence to this lower equilibrium is somewhat ambiguous;
it could take any number of rounds to occur. It is expected that the two dictators
will either settle on different allocation levels or will equalize entirely, possibly at
a level of zero. These expectations follow from the second hypothesis, but more
rounds are needed to determine their validity.

B. Ultimatum Treatment

In this treatment the payoff functions for the participants were as follows for
i = 1, 2

πpropi =

{
0.25(x1 + x2)(1 + 1) + (10− xi) if 0.5(x1 + x2)(1 + 1) ≥ µ,

0 if 0.5(x1 + x2)(1 + 1) < µ,
(7)

and

πrespi =

{
0.5(x1 + x2)(1 + 1) if 0.5(x1 + x2)(1 + 1) ≥ µ,

0 if 0.5(x1 + x2)(1 + 1) < µ.
(8)

The contributions in this treatment were much more closely distributed, as
most proposals were between $3 and $5 and the mean proposal for all rounds
was $3.45. The variance was $3.61, a relatively small amount compared to the
dictator game. The total increased pool (IP) size remained near $14 for most
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groups and did not change significantly as the number of rounds increased. The
payoffs resulting from this IP size are consistent with the first part of the third
hypothesis: that the contributions will converge to a level below that which results
in equal payoffs.

The average minimum acceptance levels remained between $6 and $9, while the
average offer was $6.90. This result was consistent with the second part of the
third hypothesis, which stated that average minimum level of offers acceptable
to responders would be those that resulted in payoffs that are below that of
proposers. The minimum acceptance levels were relatively constant for most
responders. It is expected that these would converge to a constant level after
several rounds.

The surplus offer (SO) is defined as the difference between the joint offer to
the responder and his stated minimum acceptance level. When the SO is non-
negative, the joint offer is accepted. The SO size appeared to display some conver-
gence toward zero over the five rounds. This result is consistent with the fourth
hypothesis, which states that if the number of rounds is high enough, the average
SO will settle on a low, non-negative amount.

VIII. Improvements to the Experimental Design

In order to improve upon the design used in the pilot, two significant modifi-
cations are proposed. The first refinement is in the choice of the payoff values
of β and γ. These are proposed to be chosen in a way that allows for an im-
proved comparison with standard public goods games. Originally, the coefficients
used in the pilot were chosen to create an arbitrary but small externality effect
for the dictators (proposers), and also to result in an effect that neutralized the
increase that occurred in the pool for the receiver (responder). Although this
choice resulted in enhanced salience due to the simplification of the payoffs to the
receiver (responder), it also resulted in ambiguity for the analysis of dictators’
(proposers’) decision making.

The key feature that would simplify a comparison between the hybrid model
discussed above and standard public goods games is the existence of a socially
optimal payoff that is symmetric, but would only occur if individually dominant
strategies are ignored. To obtain a game with the usual features when α=1, the
coefficients should be determined subject to the following constraints:

0.25 ≤ β = γ ≤ 0.5 such that β, γ := {2β + γ = 1}. (9)

The coefficient selection that would generate acceptable results occurs when α,
β, and γ are: 1, 1/3, and 1/3 respectively.3

The payoff functions would then be of the following form for i = 1, 2:

1From equations (1), (2), (3), and (4).



10 THE MCGILL JOURNAL OF ECONOMICS 2011

πdici = (1/3)(x1 + x2)(1 + 1) + (λ− xi), (10)

and
πreci = (1/3)(x1 + x2)(1 + 1). (11)

For the ultimatum treatment for i = 1, 2:

πpropi =

{
(1/3)(x1 + x2)(1 + 1) + (λ− xi) if (1/3)(x1 + x2)(1 + 1) ≥ µ,

0 if (1/3)(x1 + x2)(1 + 1) < µ,
(12)

and

πrespi =

{
(1/3)(x1 + x2)(1 + 1) if (1/3)(x1 + x2)(1 + 1) ≥ µ,

0 if (1/3)(x1 + x2)(1 + 1) < µ.
(13)

Under this framework, the socially optimal strategy is for both dictators (pro-
posers) to allocate (propose) their entire endowment. This yields an optimal and
symmetric payoff vector ($13.33, $13.33, $13.33). To achieve this outcome, each
dictator (proposer) must ignore the dominant strategy to reduce his allocation
(proposal) to zero. Although both dictators (proposers) have incentive to deviate
individually, if they both play this dominant strategy, the outcome for the dic-
tator treatment is the payoff vector ($10, $10, $0), while the outcome vector for
the ultimatum treatment (assuming that µ > 0) is the payoff vector ($0, $0, $0),
both of which are strictly worse for all group members. The outcomes described
above generate higher payoffs for the dictators (proposers) when they are jointly
able to ignore their dominant strategies, which is analogous to standard public
goods games.

A. Control of Preferences Toward Risk

The second modification to the pilot is to elicit risk preferences before the
experiment begins. This can be achieved using the Holt-Laury instrument that
asks participants to make successive choices over gambles with varying degrees
of risk and the use of such an instrument would also permit the evaluation of
further hypotheses. One such hypothesis could test the effect of risk preferences
on the size of contributions and the outcome engendered by them in the ultimatum
game. This hypothesis could state that participants who are more risk-averse will
on average contribute more, while more risk-loving proposers will be those who
most frequently attempt to under-contribute.

The addition of risk modelling reveals another dimension about the proposers
which improves the inferences that can be made about the social preferences that
they reveal during the dictator and ultimatum treatments. Using the results from
the revealed social preferences combined with those elicited by the Holt-Laury
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instrument allows inference pertaining to the expected behaviour of participants
according to their type.

IX. Conclusion

The hybrid model proposed will provide insights that are applicable to many
empirical situations. The added human element in the area of public goods provi-
sion can further be modelled into any group size, be employed in cases of asymmet-
ric endowments, varying levels of the public goods benefit to players, or changes
in marginal per capita rates of return. These models have the potential to put
human decision makers into settings designed to replicate real-world situations,
which could aid in solving some of humanity’s most pressing issues.
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Fundamentals or Irrational Exuberance:
An analysis of US home prices

By Vassili S. Bazinas

This paper analyzes home prices in the US over the period between
1971q2 and 2002q4 using a vector error correction model in order
to uncover the dynamic relations between home prices and funda-
mentals. The hypothesis of whether the most recent home price
boom lies beyond fundamentals is tested with a forecast from the
specified vector error correction model, which is then compared with
observations of home prices between 2003q1 and 2010q2. Findings
show that fundamentals alone cannot explain the price boom.∗

I. Introduction

The modeling of asset prices has long caused disagreement among economists
due to the difficulty in accurately describing fundamentals. The spillover of this
debate into the housing market is natural, as fundamentals are more readily
discernable and can provide ripe ground for investigation, particularly with the
new data provided by the financial crisis of 2008.

The motivation for the present analysis originated in a comment in Shiller
(2005) that fundamental variables could not explain the recent housing bubble.
To the best of my knowledge, the variables Robert Shiller proposed had only
partially been covered by the existing literature within the context of vector
autoregressive models, though no models whatsoever included building costs in
their analysis. The intention here is to test Shiller’s claim that fundamentals
could not explain the housing bubble for the US housing market. The model
estimated and tested in this paper includes home prices, building costs, mortgage
rates, disposable per capita income, household mortgage debt growth, and stock
prices. Specifically, data from the period between 1971q2 and 2002q4, at the point
when the housing bubble began to expand, are used. Following estimation and
various diagnostic tests, home prices can be forecasted and are compared to the
observed data on home prices between 2003q1 and 2010q2. Ultimately, we find
that the boom in home prices of the past decade cannot be entirely explained by
fundamentals.

The rest of the paper is structured as follows. Section 2 briefly reviews the
existing empirical literature on home prices while also presenting some stylized
facts. Section 3 describes the empirical methodology applied in this paper, while
section 4 discusses the data. The model is estimated and tested in section 5, while
section 6 provides an analysis by looking at Granger causality, impulse responses,
variance decomposition, and out-of-sample forecasting.

13
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II. Literature Review and Stylized Facts

There exists a growing array of literature on the analysis of home prices through
autoregressive and error correcting models. Applied work is conducted mainly
through such institutions as the European Central Bank (ECB) and the Bank for
International Settlements (BIS). The approach of this paper was influenced by a
number of different studies, which will subsequently be presented in summary in
an effort to compare their results to the US housing market.

Gattini and Hiebert (2010) (henceforth GH) focus on explaining volatility in
home price growth in the Euro area by building a vector error correction model
around housing investment, income per capita, and a mixed maturity measure of
the interest rate. The claim they set is that this model acts as a parsimonious
representation of the supply-demand relationship existing in the housing market
between various growth variables. Their data covers the period between 1970 and
2009, with the resulting long-term cointegration relationship fitting the observed
behavior of euro area prices, though there is occasional overshooting, particularly
in recent years; this seems to suggest overvaluation in housing, while the authors
conclude that a period of stagnation that began in 2009 is realigning home prices
with their fundamentals. Some of these results may be relevant for the US housing
market.

An unsurprising result is that there has been a recent housing boom of a sig-
nificant magnitude and increased persistence. This reflects evidence presented in
OECD (2006) and Girouard, Kennedy, van den Noord, and André (2006), both
suggesting a fluctuation in home prices about an upward trend since 1970. The
claim is readily observable by simply plotting US home prices over the period
between 1959q1 and 2010q2, as in Figure 1.a, available in the appendix. We can
also observe that the correlation between persistence and magnitude of booms to
subsequent busts also exists in the US housing market. The most notable cycle
began gaining momentum around the late 1990s exploding past the previous peak
of the 1980s (around 2002) until 2007-2008 when home prices plummeted; they
are still falling.

Interest rates are cited in several works as contributing to the likelihood of
booms and busts in home prices. Agnello and Schuknecht (2009) (henceforth AS)
suggest that short-term interest rates affect the financing conditions of households.
GH find that interest rates are closely associated with house price movements,
while a reduction in real long-term government bond yields reduces the cost of
financing, coinciding with acceleration of house prices. Other studies, such as
Kennedy and Andersen (1994), Englund and Ioannides (1997), and Kasparova
and White (2001) support these claims. From Figure 1.b in the appendix we
see that falls in mortgage rates, which move with long-term interest rates, lead
upswings in home prices, as may be expected with higher availability of liquidity.

Another variable that features largely in other studies is personal income, de-
scribed by AS to have an impact on lifetime wealth, thereby leading households
to taking on more debt to finance housing. Girouard, Kennedy, van den Noord,
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and André (2006), as well as GH, cite personal income as a determinant of hous-
ing demand with a positive and direct relationship. In the US market, a general
upward trend in disposable income per capita, displayed in Figure 1.c, seems to
drive home prices in an upward trend in accordance with the findings on markets
outside the US.

GH further conclude that investment tends to lag house price increases, some-
thing that is consistent with the notion that housing supply reacts only sluggishly
to demand. In a similar vein, AS find that growth in real credit to the private
sector mirrors the degree of credit-rationing, which could reflect the interaction
between rising home prices and the availability of credit due to higher collateral
values. This is comparable to the results in Sutton (2002) and Tsatsaronis and
Zhu (2004), where bank credit is observed as having an impact on home prices.
Similar conclusions can be drawn on mortgage rates in the US, since a fall in these
implies an increase in housing investment, as depicted in Figure 1.b. Mortgage
debt growth exploded towards the end of the 1990s in a similar fashion to home
prices, as shown in Figure 1.d.

An aspect where the two main studies cited thus far, AS and GH, can be found
lacking is their failure to incorporate a variable that accounts for the effects be-
tween asset and home prices, as evidenced in such work as Borio and McGuire
(2004) and Kakes and van den End (2004); Sutton (2002) presents further evi-
dence for the asset and housing markets in the US, UK, Canada, Ireland, Nether-
lands, and Australia. This relationship may be explained through models where
housing is simultaneously viewed as a durable commodity, while also affording
additional utility to the homeowner as a financial asset from price appreciations,
as in Glaeser, Gyourko, and Saiz (2008). In the US, fluctuations in asset markets
seem to forecast future fluctuations in home prices, as in Figure 1.e.

All studies quoted thus far are somewhat negligent in their selection of adequate
supply-side determinants. Indeed, it may perhaps be more relevant to look at
building costs, as suggested by Shiller (2005), which are more readily accepted
as the fundamental real value of homes; this is quite logical, as homes are made
of bricks and cement, not money. Figure 1.e for the US is suggestive of building
costs leading home prices, particularly in the mid-1970s and mid-1980s.

III. Empirical Methodology

A. Vector Autoregressive Models

Vector autoregressive (VAR) processes provide a suitable class of models that
can describe the data-generating process (DGP) of a moderately sized set of time
series variables, which are assumed a priori endogenous. This class of models
may be used to capture the empirical regularities that remain hidden in the data
and thereby allow for a rich analysis of dynamics, as characterized by Sims (1980)
in his original paper criticizing the macroeconometric methods of the time.

For a set of K time series variables yt = (y1t, ..., yKt)
′ the basic VAR model of
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order p, where variables are lagged over p periods, is defined as

yt = A1yt−1 + ...+ Apyt−p + ut, (1)

where each Ai is a K × K matrix, with ut = (u1t, ...uKt)
′ assumed to be inde-

pendent stochastic vectors such that ut ∼ (0,Σu). The process is stable if

det(IK −A1z− ...−Apzp) 6= 0, for |z| ≤ 1, (2)

meaning that the characteristic equation of the autoregressive process has no
roots in and on the complex unit circle. If this condition does not hold, then
the variables are said to be integrated of order d as I(d); they are cointegrated if
there exists a linear combination of them that is I(0 ) i.e. they have a common
stochastic trend. In this particular case, a VAR(p) is inadequate and we must
consider an alternative specification.

B. Vector Error Correction Models

When several variables are cointegrated we consider specific parametrizations to
support the cointegrated structure, as originally described in Engle and Granger
(1987). The most suitable model in this case is the vector error correction (VEC)
model, defined as

∆yt = Πyt−1 + Γ1∆yt−1 + ...+ Γp−1∆yt−p+1 + CDt + ut, (3)

where Πyt−1 describes the long-term relation, Γi are the short-term parameters,
yt is a vector of endogenous I(1 ) variables, ∆ is the difference operator, Dt are
the deterministic variables that are included in the model, and ut ∼ (0,Σu) as
before. The VEC specification in (3) is obtained from the levels VAR from (1) by
subtracting yt−1 from both sides and rearranging, such that Π = −(IK −A1 −
...−Ap) and Γi = −(Ai+1 + ...+ Ap) for i = 1, ..., p− 1.2 This model implies a
long-term equilibrium relationship between the levels of the endogenous variables
and their included lags, while the differenced terms correct deviations from this
relationship; as we shall see, the VEC model is more reliable than the VAR for
longer term forecasts.

In a VEC model, the matrix Π is singular and assumed to have rank(Π) = r. We
can rewrite Π as a product of K×K matricesα and β with rank(α) = rank(β) = r,
Π = αβ′, where β′yt is I(0 ), containing the rank(Π) = r cointegrating relations.
In our results, we estimate α, the loading matrix containing the weights attached
to the cointegration relations in each individual equation of the model, as well as
β, the cointegration matrix.3

2It is also possible to reverse this derivation and determine the Aj levels parameter matrices from
the VEC model where A1 = Γ1 + Π + IK , Aj = Γi − Γi−1 for i = 2, ..., p− 1, and Ap = −Γp−1.

3For a detailed treatment of VAR and VEC models see Lütkepohl (2005).
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IV. Data

A. Model Variables

Home Prices

The data for home prices, pt, is compiled from three different sources for vary-
ing time periods. For the years 1959 through 1974, these are taken from the home
purchase component of the Bureau of Labor Statistics (BLS) US Consumer Price
Index (PHCPI). Though this data is suitable for our purposes, there is a notable
weakness in that numbers are based on homes with government-subsidized mort-
gages, while the BLS does not use an optimal procedure in correcting for changes
in the ceiling of such mortgages. For the years 1975 through 1986, the data has
been retrieved from the US Office of Housing Enterprise Oversight (OFHEO),
available on their website. Data for the years 1987 through 2010 have been taken
from the S&P Case-Shiller Index for nation-wide prices, denoted by the ticker
SPCSUSA. This is a composite index for the entire US, where any changes in
quality or size of housing are excluded so as not to affect the data incorrectly.
Both the OFHEO and the SPCSUSA indices apply a repeat-sales methodology,
using data from homes that have been sold at least twice so as to better capture
the true appreciated value of each unit.4 The available annual data provided by
the PHCPI and the OFHEO has been converted to quarterly data by taking a
linear average of the change in prices between subsequent years. For the monthly
data collected from the SPCSUSA, we reduce to a quarterly frequency by taking
3-month averages across the index. These two procedures tailoring the data to
our needs will not affect the results, as they are both affine transformations.

Building Costs

The model in this paper incorporates the real cost of building homes, bt, as an
adequate variable to model the fundamental cost of homes; higher building costs
will increase the value of the home, thereby achieving a higher price on the market.
Annual data are available on the Engineering-News Record website since 1913 and
at a monthly frequency for the period between January 1990 and November 2010,
while we deflate by the consumer price index (available from BLS). The index is
compiled for the period 1913 through 2010 based on prices for various inputs to
production at the 20-city average. Specifically, these inputs include 66.38 hours
of skilled labor (including bricklayers, carpenters, and structural ironworkers), 25
hundredweight of standard structural steel shapes, 1,128 tons of portland cement,
and 1,088 board feet of two-by-four lumber. In order to make this data compatible
with the rest of the available data, similar affine transformations were applied to
reduce to a quarterly time series variable.

4For more information on the methodology applied for the calculation of the SPCS HPIs, refer to:
Standard and Poors, Case-Shiller Home Price Indices: Index Methodology. 2009. Web.
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Disposable Per Capita Income

The inclusion of disposable income in our analysis is rather natural, as higher
levels of income will induce households to spend more through the wealth effect,
thereby applying upward pressure on home prices. The US Bureau of Economic
Analysis provides a vast array of data through its National Income and Product
Accounts table. Specifically, monthly data on disposable per capita income are
available for the period between January 1959 and October 2010. The data are
adjusted for inflation over time so as to allow comparison over all periods; the
BEA uses 2005-chained dollars to achieve this. We adjust the data to quarterly
values by computing 3-month averages.

Household Mortgage Debt Growth

Growth of mortgage debt is relevant to our analysis, as justified by several
preceding empirical studies: with more leverage, households will have greater
liquidity at their disposable to purchase homes. Data for household mortgage
debt growth are available at a quarterly frequency (in millions of USD) through
the Federal Reserve’s online data system for the period 1959q1 through 2010q2.

Mortgage Rates

It is conceivable that interest rates can affect liquidity in the housing market in
a similar fashion to loans: a lower rate of interest will induce greater borrowing on
the side of consumers to finance purchases and, potentially, new homes. Of par-
ticular relevance is the mortgage rate for households, as this will affect decisions
to borrow money with the intent of purchasing a home. The mortgage rate for
30-year fixed-rate conventional home mortgages that we use also acts as a proxy
for the long-term interest rate. Monthly data are available through the Federal
Reserve’s online system since April 1971, which we have converted to quarterly
values.

Real Stock Prices

The case for a relationship between asset and home prices has gained strength
following the recent twin peaks (and troughs) of the asset and housing markets
in the past decade. For real stock prices, we refer to Robert Shiller’s website at
www.yale.edu. The data presented are deflated by the CPI and so reflect the real
S&P Stock Price Index over the period beginning January 1959 to October 2010.
Monthly values are converted to quarterly values.

B. Stationarity

The variables included in the model and their first differences were tested for sta-
tionarity using the augmented Dickey-Fuller (ADF) test and the Phillips-Perron
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test. The null hypothesis of both tests is that the variable has a unit root, with
the MacKinnon approximate p-value reported for each test in Table 1 below.5

Table 1—Augmented Dickey-Fuller and Phillips-Perron tests for stationarity.

ADF Phillips-Perron
Level Differenced Level Differenced

Home Prices -1.238 -2.544* 2.815 -2.677*
Building Costs -1.894 -3.743*** -1.239 -3.270***
Mortgage Rate -1.355 -6.344*** -1.213 -8.782***
Disposable p.c. Income 1.645 -7.840*** 1.500 -14.773***
Household Debt Growth -3.079** -13.467*** -3.834*** -18.245***
Real Stock Prices -0.631 -6.628*** 0.015 -8.048***

The two tests agree overall, with a minor disagreement over the level at which
the null hypothesis of a unit root is rejected for household debt growth: ADF
rejects at the 5% level and Phillips-Perron rejects at the 1% level. Both tests
indicated that home prices, building costs, the going mortgage rate, disposable
per capita income, and real stock prices are integrated as I(1 ), whereas debt
growth is I(0 ). This suggests that a cointegration analysis is suitable for the
variables discussed in order to determine a stable long-term relationship.

V. Estimation Results

In the subsequent analysis, data are restricted to the period 1971q4 to 2002q4.
The first bound is set by the availability of mortgage rate data and the lag se-
lection, while the second bound is set so as to analyze the subsequent boom in
home prices in an out-of-sample forecast analysis.

A. Determining the Autoregressive Order

In determining the lag order, we have chosen the lag length by model selection
procedures. We fit VAR(m) models with orders m = 0, ..., pmax and select the
order p that minimizes the information criteria under our consideration with the
general form

Cr(m) = log det(Σ̃u(m)) + cTφ(m), (4)

where Σ̃u(m) is the residual covariance matrix estimator, cT is a sequence depend-
ing on sample size T, and φ(m) is a function that penalizes large VAR orders.
For our purposes, the three information criteria that we will focus on are:

AIC(m) = log det(Σ̃u(m)) +
2

T
mK2, (5)

5∗ denotes rejection of the null hypothesis of a unit root at the 10% level; ∗∗ denotes rejection at the
5% level; ∗ ∗ ∗ denotes rejection at the 1% level.
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HQIC(m) = log det(Σ̃u(m)) +
2log(log(T )

T
mK2, (6)

BIC(m) = log det(Σ̃u(m)) +
log(T )

T
mK2. (7)

The computed AIC, HQIC, and SBIC, along with other lag-selection indicators,
are presented below in Table 2.6

Table 2—Lag order selection criteria using Lütkepohl estimates.

Lags LogL LR FPE AIC HQIC SBIC

0 -3092.06 NA 4E+15 35.8285 35.8285 35.8285
1 -1904.95 2374.2 1.1E+07 16.1514 16.4965 17.0013
2 -1776.48 256.95 2.4E+06* 14.5707* 15.2608* 16.2705*
3 -1759.99 32.986 3.3E+06 14.9042 15.9393 17.4539
4 -1724.68 70.618 3.5E+06 14.916 16.2962 18.3156
5 -1699.13 51.099 4.3E+06 15.0946 16.8199 19.3441
6 -1667.36 63.531 4.9E+06 15.167 17.2373 20.2664
7 -1627.66 79.409 5.0E+06 15.1037 17.519 21.053
8 -1589.28 76.767* 5.4E+06 15.0629 17.8233 21.8621

There is agreement among our selected information criteria in selecting an au-
toregressive order of 2, also agreeing with the FPE. The likelihood ratio strongly
disagrees with this selection, but we will follow Lütkepohl (2004) and prefer the
result from the information criteria.

B. Specifying the Cointegrating Rank

In order to find the cointegrating rank, we test the following sequence of hy-
potheses

H0(0) : rank(Π) = 0 H1(0) : rank(Π) > 0, (8)

H0(1) : rank(Π) = 1 H1(1) : rank(Π) > 1, (9)

H0(K-1) : rank(Π) = K − 1 H1(K-1) : rank(Π) = K, (10)

until the null hypothesis cannot be rejected for the first time. Johansen (1995)
provides critical values for this test, constructing the trace statistic as

LR(r0) = −T
K∑

r0+1

log(1− λj), (11)

6∗ indicates the lag order selection by criterion; FPE is the final prediction error; AIC is the Aikake
information criterion; HQIC is the Hannan-Quinn information criterion; SBIC is the Schwarz information
criterion.
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where λj are the eigenvalues from the RR regression on (3). The results for our
model are provided below in Table 3.7

Table 3—Johansen test for the cointegrating rank.

Max. Rank Parameters LogL Eigenvalue Trace
Statistic

5% Critical
Value

0 42 -1912.7354 NA 96.0795 94.15
1 53 -1895.8917 0.23958 62.3922* 68.52
2 62 -1883.5671 0.18160 37.7430 47.21
3 69 -1873.5998 0.14962 17.8083 29.68
4 74 -1868.0212 0.08672 6.6513 15.41
5 77 -1864.7009 0.05256 0.0105 3.76
6 78 -1864.6956 0.00009 NA NA

Johansen’s test specifies a cointegrating rank of 1, given that we have specified
a lag order of 2 and that a constant be included.

C. VEC Estimates

Using the results from sections 5.1 and 5.2, we can estimate our VEC(2 ) model
as described in (3). The essential results from the VEC model are presented below
in the form of the long-term coefficient matrix Π = αβ′.8

Πyt−1 = αβ′yt−1 =




−0.0108038
(−2.24)

0.0098391
(3.05)

−0.0140026
(−2.52)

0.6905479
(0.36)

0.0434597
(2.24)

0.152596
(0.37)







1
−1.367812

(−1.81)
0.1268336

(0.16)
−0.0060343

(−2.90)
−3.94848
(−5.03)
−0.004777

(−0.51)




′




pt−1

bt−1

mrt−1

yt−1

dt−1

st−1



. (12)

Our interest lies mainly in the long-term effects of the specified variables on
home prices, so we focus our attention on the cointegrating matrix β. Signif-
icant relationships are found for building costs, disposable per capita income,

7∗ indicates cointegrating rank selection by the Johansen trace statistic.
8Recall from Section 3.2 that Π can be expressed in terms of the loading vector α and the cointegration

vector β.
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and household mortgage debt growth, while a correctly signed insignificant rela-
tionship is found for mortgage rates. Similarly, the effect of stock prices reflects
previous findings, though the relationship is not significant.

We find that building costs have the anticipated positive effect on home prices,
a relationship that is also somewhat significant. This supports the hypothesis that
building costs are a fundamental determinant in the value of housing. Disposable
per capita income is also positively signed, impacting home prices through a
wealth effect: increased disposable income will increase consumption of all goods,
and since housing forms a large portion of households expenditure, we expect
to see demand for purchasing homes to increase, thereby pushing home prices
up. Another expected and significant long-term effect lies in household mortgage
debt growth, a liquidity effect that can be explained in parallel to disposable
income. Depending on the elasticity of housing demand relative to price, as well
as on the cost of alternatives (e.g. renting home), households will borrow beyond
disposable income in order to finance home purchases. This implies increased
upward pressure on home prices.

The coefficient of the mortgage rate has the expected sign, as it impacts home
prices negatively, but it is not significant. To the extent that the empirical results
allow, we can claim this as weak evidence for our previous hypothesis: mortgage
rates determine the liquidity of the housing market, at least from the demand
side, and lower rates will lead to increased borrowing for the purchases of homes,
thereby applying upward pressure on home prices. The positive, though insignifi-
cant, effect of stock prices on home prices is also consistent with previous findings
in Borio and McGuire (2004) and Kakes and van den End (2004).

Finally, it is worth noting that all of the equations for the differenced variables
are significant up to the 1% level, save for the differenced mortgage rate, which
is significant up to the 5% level.

D. Diagnostic Tests

In order to improve the utility of our estimated VAR process for statistical mod-
eling, we impose a further condition aside from stationary, that the unobserved
error vector ut be multivariate normal so ut ∼ N(0,Σu).

Whiteness of Residuals

Though the ut error terms of a VAR process are unobservable, we can conduct
tests by using the observed residuals. Testing for autocorrelation, we apply two
commonly used tests: the portmanteau test for high order autocorrelation and a
test built around the lagrange multiplier statistic from Johansen (1995).

For the portmanteau test, we fail to reject the null hypothesis of no autocorre-
lation at the 5% level up to 24 lags, while the Lagrange multiplier test results are
displayed below.
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Table 4—Lagrange multiplier test for autocorrelation.

Lags χ2 d.f. p-value

1 34.7395 36 0.52847
2 43.281 36 0.18844
3 37.2907 36 0.40952
4 34.9643 36 0.5177
5 40.5921 36 0.27505
6 26.4149 36 0.87870
7 28.7465 36 0.79956
8 53.3252 36 0.03148
9 46.4468 36 0.11394
10 20.0224 36 0.98558

Jarque-Bera Test for Normality of Residuals

In order to test for normality of the observed residuals ût, Lütkepohl suggests
using a multivariate generalization of the Jarque-Bera test, which tests the skew-
ness and kurtosis properties of ut against those of a multivariate normal of an
appropriate dimension.

Initially, our model rejects the null hypothesis of normality, but by looking at
the residual plots, we find that some heteroskedasticity is present, particularly in
the residuals of home prices and stock prices, as might be expected.

First we test explicitly for heteroskedasticity in our 1971q2 to 2002q4 sample
by making use of the Breusch-Pagan test, which assumes ut ∼ N(0,Σu) as its
null.

Table 5—Breusch-Pagan test for heteroskedasticity.

Variables χ2 d.f. p-value

Fitted values of ∆pt 0.06 1 0.8102
Fitted values of ∆bt 0.54 1 0.4626

Fitted values of ∆mrt 0.50 1 0.4791
Fitted values of ∆yt 0.00 1 0.9984
Fitted values of ∆dt 0.08 1 0.7771
Fitted values of ∆st 2.19 1 0.1393

The results of Table 5 show that there is no heteroskedasticity detectable in
the residuals, so perhaps the problem is one of outliers. After studentizing and
squaring the residuals, we are able to identify a few outliers in the 1970s and the
1980s for home prices, building costs, the mortgage rate, and disposable income;
we readily label these as outliers because the fluctuations of the 1990s and the
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early 2000s were much greater in magnitude than fluctuations of the 1970s and
1980s, yet these few data points suggest otherwise and against intuition. Thus
we eliminate them and report the Jarque-Bera test results below.

Table 6—Jarque-Bera test for normality.

Equation χ2 d.f. p-value

∆pt 7.485 2 0.02370
∆bt 0.645 2 0.72423

∆mrt 0.533 2 0.76600
∆yt 0.407 2 0.81595
∆dt 4.682 2 0.09624
∆st 4.953 2 0.09591
ALL 18.705 12 0.09591

The Jarque-Bera test fails to reject normality of the error terms, so we can
consider our model to be multivariate normal.

VI. Analysis

A. Granger Causality

A popular tool in econometric analysis is Granger causality, whereby a variable
y2t is causal for a time series variable y1t if the former improves the forecasts of
the latter. The variable y2t is non-causal for y1t if and only if

y1,t+h|Ωt
= y1,t+h|Ωt\{y2s|s≤t}, h = 1, 2, ..., (13)

where y1,t+h|Ωt
is the optimal h-step forecast of y1t, based on all relevant informa-

tion Ωt. The following table presents the test results for a Wald test built around
this non-causal null hypothesis. We overcome the problems associated with the
nonstandard asymptotic properties of our cointegrated model by over-fitting the
VAR order and ignoring the extra parameters, as per Dolado and Lütkepohl
(1996).

As Table 7 shows, a causal relationship is only established from stock prices st
and mortgage debt growth dt to home prices pt, while there exists weak evidence
for a causal relationship running from home prices pt to mortgage rates mrt.

B. Impulse Responses

A look at impulse responses will help us determine the effects of shocks to the
variables of our endogenous system. The orthogonalized impulse responses are
found by applying a Choleski decomposition of the covariance matrix Σu to the
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Table 7—Pair-wise Granger causality test for home prices.

Null hypothesis χ2 d.f. p-value

bt does not Granger-cause pt 5.9182 5 0.314
pt does not Granger-cause bt 5.9761 5 0.309
mrt does not Granger-cause pt 8.2698 5 0.142
pt does not Granger-cause mrt 9.325 5 0.097
yt does not Granger-cause pt 2.1876 5 0.823
pt does not Granger-cause yt 5.001 5 0.416
dt does not Granger-cause pt 22.078 5 0.001
pt does not Granger-cause dt 5.8086 5 0.325
st does not Granger-cause pt 22.938 5 0.000
pt does not Granger-cause st 5.3782 5 0.371

Wold moving average (MA) representation of an I(0 ) process yt where εt = B−1ut

(B is a lower-triangular matrix), such that

yt = Ψ0εt + Ψ1εt−t + ... (14)

This means that Ψ0 = B and thus an ε-shock in the first variable may have
an instantaneous effect on variables following in order, whereas a shock in the
second variable in sequence will have an effect on subsequent variables, but not
on preceding ones. The ordering we use is not so arbitrary, as we order our
variables as bt, mrt, yt, dt, st, and pt according to the overall Granger causality
test in order of increasing significance.

Our main interest is in home prices, and we see the effects of orthogonalized
shocks in each variable on home prices in Figure 1 below. As may be expected, a
shock of one Choleski standard deviation in building costs bt and mortgage debt
growth dt induces a positive and relatively large shock to home prices pt. The
first of these results is rather intuitive, as building costs represent the fundamental
value of a housing structure. The latter effect is readily observable in the unfolding
of the previous decade, where higher leverage of households created a high demand
for homes, thereby driving a superficially high price. A similar interpretation can
be applied to the negative effect of a shock in mortgage rates on home prices,
which is essentially a liquidity shock to the demand side of the market. Referring
to the data, we see that large declines in the effective mortgage rate preceded
the recent explosion to housing prices, lending further support to our result here.
Similarly, the positive relation between a shock in disposable income and home
prices is to be expected, as this qualifies as a wealth effect type shock. It may
strike as surprising at first that an income-shock does not have a greater effect
on home prices, but if we consider the shocks to other forms of financing (debt
and equity shares), this dissonance fades away. The negative effect from a shock
in stock prices on home prices seems to come at odds with our VEC estimate for
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Figure 1. Orthogonalized home price impulse responses.

the long-term coefficient on stock prices, though this was not a significant term.
Upon contemplation, this negative relation between a stock price shock and home
prices may perhaps be explained by regarding housing as a financial variable: a
fall in stock prices will cause positive feedback traders to switch their investments
to safer assets such as housing, thereby increasing demand and imposing upward
pressure on home prices. Indeed, this positive feedback mechanism may be able
to explain the large feedback response of a shock to home prices (climbing to
5%): as home prices increase, homeowners become more optimistic about future
price increases and rush to purchase a home today that will eventually increase
in value. Indeed, this result would be consistent with the surveys in Case and
Shiller (1988) and Case, Shiller, and Quigley (2003).

C. Variance Decomposition

Another popular tool in time series analysis, forecast-error variance decomposi-
tion relates the h-step forecast error from a VAR model to structural innovations
εt (defined in the previous section). These innovations are contemporaneously and
serially uncorrelated by construction so we can find the percentage contribution
of a variable j to the h-step forecast-error of a variable i.

Table 8 shows us the percentage of contribution to the variance of the h-step
forecast of home prices pt by each variable. As h increases, home prices converge to
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Table 8—Forecast-error variance decomposition of home prices.

Step pt bt mrt yt dt st

1 87.70% 0.45% 0.51% 5.68% 2.89% 2.77%
4 70.38% 1.27% 0.09% 5.76% 21.29% 1.21%
8 57.06% 3.06% 0.05% 5.03% 29.49% 5.32%
12 50.00% 5.27% 0.13% 4.56% 31.81% 8.22%
16 45.42% 7.62% 0.24% 4.24% 32.40% 10.07%
20 42.16% 9.88% 0.36% 4.01% 32.31% 11.28%
24 39.77% 11.91% 0.48% 3.84% 31.91% 12.08%
28 38.01% 13.66% 0.59% 3.71% 37.08% 12.60%

explaining only 38% of the forecast-error variance, accounting for the largest part.
Most impressively, mortgage debt growth dt accounts for 37% of the variation
in home prices over the long term, indicating that liquidity clearly impacts the
manner in which prices (and by extension, demand) vary. The small contribution
of mortgage rates is somewhat surprising, but upon reflection we can see that
some of the explanatory power from mortgage rates is absorbed by the mortgage
debt growth variable, so we should not regard this as a serious setback. Building
costs bt initially are unable to explain the forecast-error variance in the short
term, whereas over the long term, they are able to account for almost 14% of
the forecast-error variance. This suggests that building costs are fundamental in
explaining home prices. Though the proportion of variance of prices that stock
prices st explain initially declines, this may be attributed to the speed at which
new information enters the stock market, quickly making old information (in this
case, information older than 4 quarters) obsolete. Over the long term, stock prices
are able to explain a significant portion of variation (almost 13%), suggesting that
the housing market is driven by similar factors (psychological and other, perhaps)
as the stock market. The 4% contribution of disposable income yt is expected, as
real income does not fluctuate to the same degree as any of the other variables.

D. Out-of-Sample Forecast

Using the model estimated for the period 1971q2 to 2002q4, we can compute
an out-of-sample forecast so as to compare the performance of our model in a
real setting. The more important implication here, however, is to finally test our
initial motivation for this analysis: can fundamentals explain the recent home
price boom?

A forecast for home prices with a 95% confidence interval is provided in Figure 2
below, compared to the observed values between 2003q1 and 2010q2. The results
are in favor of Robert Shiller’s claim that “irrational exuberance” is at work in
the markets, as home prices grow beyond the confidence interval only a few steps
into our forecast where the VEC model is most precise.
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Figure 2. Out-of-sample forecast of home prices for the period 2003q1 to 2010q2.

VII. Conclusion

The purpose of our analysis was to incorporate adequate variables that could
potentially explain recent home price fluctuations within an econometric setting.
The results of our analysis indicate that something more than fundamental values
was at play in the recent home price boom. Indeed, a set of variables that in
previous literature have been shown to be fundamentals in explaining home prices
are only able to partially account for the home price expansion of the recent decade
and the eventual decline in the first quarter of 2009. Home prices thus seem to
overshoot both above and below what fundamentals would predict for the US
housing market, thus agreeing with previous results.

From here, it may be instructive to construct a multivariate GARCH model in
order to explain home price volatility. Indeed, a Goldfeld-Quandt test for the fit-
ted values of the differenced home price equation pre- and post-2002 points toward
time-varying volatility in home prices; a Breusch-Pagan test further indicates se-
vere heteroskedasticity post-2002, with a p-value of 0.0018 rejecting the null at
all levels, while an LM test for ARCH effects rejects the null of no ARCH after
5 quarters. With greater insight into the driving factors of home price volatility,
a model that could explain the bubble in US home prices could be developed, as
has been attempted by various authors in alternative settings.9

9An overview of models for rational and irrational bubbles is provided by Brunnermeier in the New
Palgrave Dictionary.
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Appendix

Figure 1. Variables over the period 1959q1 to 2010q2.

(a) Home prices. (b) Building costs.

(c) Mortgage rates. (d) Disposable per capita income.

(e) Household mortgage debt growth. (f) Stock prices.



Maritime Menaces as Rational Actors

By Majd Al Khaldi

While much has been written on the origins of Somali piracy,
few scholars have attempted to explain the overall trend in pirate
attacks off the Horn of Africa. By drawing on various economic
theories, most notably the concept of expected utility, this paper as-
serts that Somali pirates act as rational actors who make decisions
based on their own cost-benefit analyses. The steady decrease in
the number of reported pirate attacks since 2009 can therefore be
seen as a direct consequence of the increasing costs of taking part
in maritime piracy.

I. Introduction

Since January 2010, Somali pirates operating off the Horn of Africa have at-
tacked 32 vessels, successfully hijacking seven, and are reported to be holding 143
crewmen from various countries as prisoners to be exchanged for multi-million
dollar ransoms.1 It is estimated that in the year 2009, Somali pirates have made
an astonishing $60 million in ransoms alone.2 Clearly a lucrative option, piracy
has attracted Somali men from various backgrounds. While a number of reasons
have been given for how and why piracy began in Somalia (some of which will
be alluded to), the main goal of this paper is to explain why hijack attempts by
Somali pirates have significantly increased and subsequently decreased since 2000.
Literature on this topic offers numerous explanations, but in order to better un-
derstand their actions, Somali pirates must be seen as rational, utility-maximizing
actors who, following the collapse of the state in Somalia, saw the market as a
levelled playing field and engaged in piracy because it was the option that, in
their view, had the highest expected utility. When the costs and risks associated
with piracy began to rise in 2008/2009, a slowdown in the frequency of pirate
attacks was observed.

At one point entirely suppressed, maritime piracy as an international phe-
nomenon seems to be on the rise again.3 Maritime piracy is difficult to define, but
for the purpose of this paper it shall include “the boarding of any ship, whether
to steal or commit some other crime... and the actual or implied use of force
by the perpetrators.”4 Unlike the romanticized image of 17th century pirates

1Al Jazeera, Indian Ocean pirates captured by US, (April 1,2010), http://english.aljazeera.net
/news/africa/2010/04/201041151918413451.html

2Al Jazeera, India Investigates Somali Pirates, (March 30, 2010), http://english.aljazeera.net/news
/africa/2010/03/201033083855196439.html.

3Forsyth, Craig, Kay Gisclair, York Forsyth, “Waterborne Crime: Examining Contemporary Piracy,”
Deviant Behaviour 8 (2009): 669.

4Ibid, 671-672.
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that many hold, modern pirates use cell phones, automatic rifles, speedboats,
advanced GPS systems, and newly developed techniques and planning methods
to find and overpower their prey while evading detection.5 In recent years, the
number of pirates worldwide has increased for a variety of reasons such as: the
shrinking of naval forces since the end of the Cold War; the availability of cheap
weapons; the increased amount and value of cargo transported by sea; and the
rising international and intra-national levels of income inequalities.6

II. Literature Review

Bair (2009) offers five negative implications of Somali pirates’ actions. First,
there is the threat posed to hijacked ships’ crews. Whether at sea or while be-
ing held captive somewhere in Somalia, crew members may be subject to psy-
chological trauma, physical injury, and/or death. Second, Somali pirates cost
governments worldwide millions of US dollars in the form of ransom monies, in-
creasing prices of consumer goods, the costs of defensive measures being taken
by various shipping companies and vessels (such as the hiring of private security
companies), and, finally, the rapidly rising prices of insurance premiums. Third,
politically, pirates destabilize regions that already lack proper governance and
disrupt humanitarian assistance that a country like Somalia simply cannot afford
to do without. Fourth, there is always the possibility of environmental disaster.
More specifically, oil tankers often have to take pirate-infested waters, and in
some cases they are attacked, in which case major oil spills can potentially cause
extensive damage to the local ecosystems. Fifth, although not yet proven, pirates
may potentially be linked to extremist groups (such as Al Shabab) and/or be fu-
elling clan fighting with their ransom money. If only for the factors stated above,
it is important to understand piracy in order to deal with it properly.7 With
regards to Bair’s fifth point, it must be pointed out that while the fear of pirate
money fuelling clan wars is legitimate, it is highly doubtful that the same money
reaches Islamist groups such as Al Shabab for the simple reason that members of
the latter find the behaviour of pirates (such as the hijacking of vessels for money
and the public consumption of alcohol) at odds with Islamic values.8

A clarification shall be made here. Suppressing piracy implies reactionary ef-
forts that take piracy as a given and attempt to minimize damage through mea-
sures such as better equipping vessels to deal with approaching pirates, teaching
navigators evasive tactics, or sending battleships to accompany trade vessels.
Suppressing piracy must be distinguished from efforts to deal with piracy’s root
causes (real or perceived) such as the high unemployment level in Somalia, the
lack of a strong, functioning Somali government, etc.

5Ibid, 676-677
6Ibid, 672.
7Bair, Robert, Disrupting Somali Piracy via Trust and Influence Operations (Fort Belvoir: Defence

Technical Information Center, 2009), 5-8.
8Economist, The, “Somalia’s Pirates: A Long War of the Waters,” (January 7th,

2010),http://www.economist.com/world/middle-east/displaystory.cfm?story id=15214052.
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The general trend in Somali piracy has so far been as follows. In the mid-
1990’s armed groups began to patrol the exclusive economic zone of Somalia’s
waters claiming they were Somalia’s “coast guard,” and attacked vessels poaching
Somalia’s rich fishing waters, holding their crews for ransom.9 Over the next 5
years it became difficult to distinguish between vessels that were hijacked for
fishing illegally and those that were seized for potential ransoms.10 This paper is
mainly concerned with piracy off the Horn of Africa since 2000. During the first
few years of the new millennium, both the numbers of hijacking attempts and
successes increased steadily. The numbers peaked in 2008 at 111 attempts and
42 successes, but such figures are usually underreported because of the costs (in
terms of money and time) associated with reporting failed hijacking attempts.11

Halfway through 2009 (monsoon season) the number of attacks peaked and has
since then steadily been in decline.12 The question of why this general trend
took on the form that it did may be understood using the expected utility model
presented below.

III. Expected Utility and Somali Piracy

Various reasons have been given for the upsurge in Somali piracy since 2000,
including: state collapse in the early 90’s; small arms proliferation; the profitabil-
ity of ransoms; worsening poverty; and the absence of a joint maritime security
strategy.13 The advantage of an expected utility model is that it allows for a
framework in which the above variables are already endogenous.

For the specific expected utility model that was developed for this paper to
work, it must be assumed that Somali pirates are rational actors who at all times
seek to maximize their expected utility while subject to a ’budget constraint’ (i.e.
the total satisfaction they receive from consuming goods and services and from
other intangible assets while being constrained by what they are realistically able
to do). For Somali pirates, utility can be generated by receiving certain benefits
from engaging in piracy that may otherwise have been forgone. Examples of such
benefits shall be discussed later on.

For the sake of simplicity, all actors shall hereafter be regarded as adult Somali
males. Another simplification will be made for the purpose of generalization:
a Somali actor considering becoming a pirate is faced with only two options.
The first option is to become a pirate and engage in operations, no matter how
large/small or direct/indirect the actor’s role is in these operations. The second is

9Kraska, James, “Coalition Strategy and the Pirates of the Gulf of Aden and
the Red Sea,” Comparative Strategy 28 (2009): 198, http://www.informaworld.com

/smpp/contentd̃b=all?content=10.1080/01495930903025250
10Ibid, 198.
11Bair, Disrupting Somali Piracy, 2-3.
12Kraska, James and Brian Wilson. “Combating Pirates of the Gulf of Aden: The Djibouti Code and

the Somali Coast Guard,” Ocean and Coastal Management 52 (2009): 516.
13Onuoha, Freedom, “Sea Piracy and Maritime Security in the Horn of Africa: The

Somali Coast and Gulf of Aden in Perspective,” African Security Review 18 (2009):
37,http://www.iss.co.za/uploads/18NO3ONUOHA.PDF.
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to refrain from engaging in piracy. A simple cost-benefit analysis is made by the
actor to determine whether the benefits of becoming a pirate exceed the costs by
a sufficient margin. If yes, then the aforementioned actor will engage in piracy. It
is important to note here that while various factors considered by an actor play
an important role in his decision, it is the actor’s subjective perception of these
factors that matters the most. Once said actor no longer views piracy as being
worth the costs, he will refrain from engaging in it, even if the reality is otherwise.

The basic premise of the concept of expected utility is that when faced with
two choices or more, a rational actor will consider not only which option offers
him the highest immediate margin of benefits minus costs, but also any long term
effects associated with the various options, and the probability of each option
occurring.14 Microeconomic versions of expected utility models usually take into
account the presence of government as an external factor which may affect an
actor’s choices. In the case of Somalia, however, the last properly functioning
government under Siad Barre collapsed in 1991,15 which allows us to ignore ’gov-
ernment’ in our model and essentially entails the existence of a ’free market’ in
which only the actions of the actors themselves matter. The specific expected
utility equation of a potential Somali pirate thus takes on the following form:

Xi =

N∑

j

[Be(PB/1)] −
N∑

j

[V Ce(P V C/1)] −
N∑

j

[FC] −RP (1)

Here, Be is any benefit expected from engaging in piracy, VC is any variable
cost the actor incurs by engaging in piracy, FC refers to any fixed cost that incurs
a windfall loss on a potential pirate, PB is the probability of a Be being reaped
and is a number between 0 and 1, and P V C is the probability of a specific variable
cost being incurred and it too is a number between 0 and 1. Some actors will
refrain from engaging in piracy even if their total expected benefits exceed their
total expected costs by a certain margin. RP is therefore a threshold: it is the
minimum amount of total expected benefits over and above total expected costs
needed to make an actor decide to engage in piracy. To use a microeconomic term,
RP is the ‘reservation price.’ RP cannot be negative or else it would mean that
an actor would be willing to pay to become a pirate, or that he would prefer to
become a pirate even if expected costs exceeded expected benefits, rendering him
an ’irrational actor.’ Finally, the RP differs from actor to actor. With regards to
X, it simply stands for a specific value. If that value is positive and greater than
0, the actor will engage in piracy.

In words, for an actor given only the two options mentioned earlier, if the sum
of his expected benefits multiplied by their respective probabilities of occurring,
minus the sum of variable costs multiplied by their respective probabilities of

14Fishburn, Peter, The Foundations of Expected Utility (Boston: D. Reidel Publication Company,
1982), 1-4.

15Onuoha, “Sea Piracy,” 37
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occurring, minus the sum of fixed costs, minus the reservation price, is greater
than 0, the actor will engage in piracy.

Expected benefits that may attract Somali men to piracy are numerous. The
most obvious Be for pirates is the lure of money. Even a low-ranking Somali pirate
can earn at least $20,000 a year which, in one of the poorest countries on Earth,
is a fortune. The average ransom by mid-2009 was valued at 2 million $US, and
Somali pirates earned over 100 million $US in 2009 alone.16 Another potential
Be, this time an intangible one, is influence. Influence can mean having access
to powerful political figures and warlords or, more generally, it is the power and
prestige that come with money. With regards to yet another Be, young, successful
pirates become highly desirable bachelors. Locals have noted that pirates “marry
the most beautiful girls.”17

There are too many variable costs to analyze in detail here, hence only the
most important ones will be mentioned. The first and most obvious variable
cost is potential physical harm to pirates. The high seas are a risky environment
even for people who do not engage in active violence. Injury and death are
always a possibility. In an ironic twist of fate, in November 2009, five of the
Somali pirates who had just come out of a three-month stand-off over the Saudi
oil tanker Sirius Star drowned with their share of the US$ 3 million ransom the
Saudi government paid when their light boat capsized as they sped back to the
safety of Somali waters.18 Death can also occur at the hands of private security
personnel or navy officers. The possibility of being captured and/or imprisoned
is another variable cost. An intangible variable cost can be the short and long-
term psychological trauma a pirate can suffer. Yet another variable cost, which is
often overlooked, is the opportunity cost of becoming a pirate and the consequent
spending of extended periods of time at sea. The potential income that a pirate
forgoes by engaging in piracy may be relatively insignificant if one looks only at
such alternatives as the relatively low incomes fishers earn, or more generally, if
one looks only at the high unemployment levels in Somalia.19 If, on the other
hand, one considers potentially forgone income that could have been generated
if a pirate instead had chosen to become a land-based mercenary or engaged in
other illegal activities such as smuggling, the opportunity cost of becoming a
pirate becomes higher than is apparent at first glance.

Fixed costs that a potential pirate must consider may include, but are not lim-
ited to, the costs of transportation/operating vessel, navigation equipment, small
arms, etc. The collapse of the state in 1991 had the consequence of mass prolifer-
ation of small, cheap arms in Somalia, a country which has had extremely porous

16Economist, “Somalia’s Pirates,” (January 7th, 2010).
17Hunter, Robyn, “Somali Pirates Living the High Life,” BBC (October 28,

2008),http://news.bbc.co.uk/2/hi/africa/7650415.stm.
18Kraska, James and Brian Wilson. “Somali Piracy: A Nasty Problem, a Web of Responses,” Current

History 108 (May 2009): 227.
19Yahye, Muhamud, “How to Tackle Unemployment in Somalia,” Marka Cadeey News Media,

http://www.markacadeey.com/maqaalo/maqaal yaxya 20070701.htm
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borders for more than a decade.20 Many weapons are imported from Yemen to
Mogadishu. In Mogadishu, dealers receive deposits for orders via hawalas, and
then transport the weapons to pirates in Puntland.21 Often, monies processed
through hawalas are loans financed by rich Somali businessmen located in Dubai,
and in a way can be seen as investments in piracy.22 The most significant aspect
of such a system is that it allows potential pirates to avoid having to pay the fixed
costs in advance, thus making it more attractive to engage in piracy.
PB and P V C can be affected by a wide range of factors or events. For example,

weather plays a large role in pirates’ estimates of their chances of success. Pirate
attacks have been noted to slow down during monsoon season.23 Intelligence is
another factor that affects the expected probabilities in the equation presented on
page 5. Up-to-date information on the location of vulnerable target vessels can
substantially raise the chances of success (increase PB) for pirates. Somali pirates
are quick learners capable of seeing the broader trends in international maritime
activity. For example, they understand that most vessels still find it cheaper and
more convenient to pay higher insurance fees and risk being attacked than to
have to divert their vessels around the Cape of Good Hope. Similarly, they seem
to know that even though most American-flagged vessels hire private security
guards, the latter are mostly unarmed, out of fear that more weapons could only
lead to more deaths.24 On the other end of the spectrum, intelligence sharing
among navies cooperating to combat Somali pirates can drastically increase the
probability of pirates being captured or even killed, thus raising PVC. The time at
which pirates strike (usually dawn or dusk) significantly increases the probability
of their success. Finally, given the lack of lucrative alternatives and the large
surplus of unemployed men, the reservation prices of Somali men considering
piracy must be relatively low.

IV. The Model and The Trends

When considering all of the above variables it becomes easy to see why the
number of pirates and the number of attacks carried out by them rapidly increased
with the dawn of the new millennium. The potential profits were extremely high
at a time when few alternatives (if there even were any present, given the high
unemployment levels) could compare with how much money a single ransom could
generate. The number of vessels travelling in pirate-infested waters was still
quite high and their anti-pirate protection measures were almost non-existent.
Simultaneously, fixed costs (such as small arms) were low, or even negligible, when
financing through a hawala could be secured. Discounting the pirates themselves,
there was no unified force or navy patrolling the Somali coast, which is more

20Onuoha, “Sea Piracy,” 37.
21A ‘hawala’ is an informal system used to transfer money from one person to another without the

exchange of any money actually occurring.
22Hunter, “Somali Pirates Living the High Life,” (October 28, 2008).
23Kraska and Wilson, “Combating Pirates,” 516.
24Economist, “Somalia’s Pirates: A Long War of the Waters,” (January 7th, 2010).
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than 3000 km long.25 As mentioned earlier, the reservation prices of desperate
Somali men were relatively low given how numerous they were and how high the
unemployment level was.

As the number of attacks increased, however, Somali pirates began attracting
the attention of mass media outlets, as well as the displeasure of states being
adversely affected by the pirates’ actions. As mentioned earlier, beginning in
mid-2009, the number of piracy attacks began to drop. This drop can almost
entirely be attributed to the steady rise in the

∑N
j [V Ce(P V C/1)] component of

the equation used for our model. This rise in variable costs began in 2008 and
continues to this day.

Following the adoption of numerous UN Security Council Resolutions in 2008,
the international community finally began to take the first steps towards curbing
Somali piracy. By January 2009, an impressive armada comprised of over 30 war-
ships was in charge of patrolling the Gulf of Aden alone.26 Numerous taskforces,
most prominently Taskforce 151, were dispatched to combat piracy. In 2009, the
EU offered to finance the training and equipment of 500 Somali men who would
someday become Somali coast guards.27 Such assertive actions by the interna-
tional community have reduced the X variable in our model, that is, the payoff
for each agent participating in piracy, as is reflected by the recent drop in both
attempted and successful pirate attacks.28

Despite this drop, Somali piracy remains extremely difficult to suppress for
fairly simple reasons. One such reason is that regardless of the number of inter-
national warships positioned off the Horn of Africa, to thoroughly patrol an area
roughly 2 million square miles in size is almost impossible, and the larger the
area international warships patrol, the farther out Somali pirates’ attacks seem
to occur.29 This may help explain the slow rate of the decline in attacks. Because
of this effect that formidable warships have, it is perhaps a better idea for the in-
ternational community to rely less on the large modern warships of world powers
and instead help develop a regional maritime security force comprised of many
small, manoeuvrable vessels.30 This would be a better deterrent considering the
fact that pirates often disguise their true identity by pretending to be engaged
in “legitimate activities such as fishing.”31 A modern battleship will hardly be
bothered to inspect small vessels, whereas a larger number of smaller vessels can
carry out patrol and inspection missions more efficiently.

Piracy is often difficult to fight because of legal misalignments among states
that become involved. For example, many states’ laws outlining how to deal

25Ibid.
26Bair, Disrupting Somali Piracy, 33.
27Kraska and Wilson, “Combating Pirates,” 516.
28Bair, Disrupting Somali Piracy, 36.
29Watkins, Eric, “Emboldened Somali Pirates Hijack Saudi ARAMCO Tanker,” Oil and Gas Jour-

nal 106 (November 24, 2008): 25, http://proquest.umi.com/pqdlink?did=1605451591&Fmt=6 &clien-
tId=10843&RQT=309&VName=PQD.

30Kraska, “Coalition Strategy,” 197.
31Kraska and Wilson, “Somali Piracy,” 229.
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with witnesses of piracy are underdeveloped and may complicate matters between
states.32 In fact, simply deciding on which state should prosecute captured pirates
can in itself be a complex matter because, as Kraska and Wilson point out, an
attacked vessel can be “registered in one state... owned by a corporation located
in another... and operated by a crew comprised of nationals of several additional
states.”33 Problems that arise due to the legal complexity of prosecuting captured
pirates (which has in the past led to their release34) are another factor that reduces
the expected costs associated with piracy.

So long as a Somali actor finds that his expected utility has a positive value,
against the backdrop of a failed Somali state, piracy will persist. It must be
noted, however, that just because a state’s government has effectively collapsed,
and actors within that state find that their expected utility is positive does not
mean that actors within the said state will necessarily turn to piracy. Somali
piracy is a form of organized crime35, and it just so happens to be that in the
Somali context, piracy is the most lucrative form of organized crime, i.e. it offers
the largest value of X in comparison with other activities. In a sense, Somalis
can be seen as having a comparative advantage of sorts in piracy. This can
be compared to the failed Afghan state and the emergence of drugs and antiques
trafficking networks36, or to the emergence of the Russian mafia-owned oligarchies
under the auspices of corrupt private banks following the collapse of the USSR in
1991.37

V. Weaknesses of the Model

A general weakness of this model is that it fails to acknowledge the presence of
culture as a major factor. Piracy in its current form, although illegal everywhere,
seems to be acceptable in contemporary Somali culture, for it is seen as a form
of supplemental income for the poor.38 Furthermore, cultural explanations can
account for the beginnings of Somali piracy. Scholars often note that the orig-
inal ’pirates’ who, as mentioned earlier in the paper, thought of themselves as
Somalia’s coast guard, felt the need to defend Somalia’s exclusive economic zone
from international corporations that were exploiting Somalia’s fishing resources at
alarming rates, and others that were dumping their toxic waste in Somali waters,
essentially upsetting local ecosystems and the livelihood of Somali fishermen.39

While this argument is a powerful one, it fails to explain the massive increase

32Ibid, 228.
33Kraska and Wilson, “Combating Pirates,” 517.
34Kraska, and Wilson, “Somali Piracy,” 231.
35Bair, Disrupting Somali, 26.
36Waldman, Amy, “Afghan Route to Prosperity: Grow Poppies,” The New York Times (April 10,

2004), http://www.nytimes.com/2004/04/10/world/afghan-route-to-prosperity-grow-poppies.html.
37Bohlen, Celestine, “The World; To Sicilians, Russia Has No Mafia. It’s Too Wild,” The New York

Times (January 10, 1999), http://www.nytimes.com/1999/01/10/weekinreview/the-world-to-sicilians-
russia-has-no-mafia-it-s-too-wild.html?scp=7&sq=Russian%20Mafia%201990&st=cse.

38Forsyth, C., Gisclair, and Y. Forsyth, “Waterborne Crime,” 677.
39Bair, Disrupting Somali Piracy, 23-25.



VOL. 1 MARITIME MENACES AS RATIONAL ACTORS 39

since 2000 in the number of pirate attacks on vessels hundreds of kilometres away
from the Somali coast, or the recent decline in the number of attacks.

The expected utility model has other weaknesses too. First, it is needless to
say that actors in Somalia do not actively make calculations using the model
developed here when making a decision. Second, they have more than the simple
two options of: (a) engage in piracy and (b) refrain from doing so. Third, they do
not possess all the information they need to make their decisions, and even if there
was a way of obtaining it, information can be costly. Fourth, it is inordinately
difficult to quantify future changes to certain variables used in our model, and
impossible to quantify intangible variables like psychological trauma. To assign
a dollar value to the loss of a limb is somewhat ridiculous. Fourth, the model
developed here deals exclusively with individual actors, and yet Somali pirates
always operate in groups. That being said, it is quite feasible to reconcile this
last point with our expected utility model. Bair categorized Somali pirates into 3
groups based on their functions: (1) disgruntled fishermen who have access to a
vessel and know the waters well, (2) militia-men who have access to weapons and
are both willing to utilize and experienced in the use of force, and (3) technical
experts who have access to and know-how to operate modern technologies such
as global positioning systems, long distance communication devices, etc. If one of
the three is taken away, the expected and actual costs for the remaining two will
skyrocket, decreasing with them the chances of success. Thus, any rational actor
considering engaging in piracy would never act alone because he would want to
maximize his expected utility, which naturally entails working with a group of
other pirates.

VI. Outlook and Conclusion

The basic ideas presented in this paper would greatly benefit from further re-
search. For example, it would be possible to formally model the main arguments
in more solid economic terms, such as using cartel theory to examine the dynam-
ics and behaviour of individual pirates within pirate groups. Game theory can
be used to demonstrate that there are probabilities that render potential pirates
indifferent between having a ’secure’ income as, say, fishermen and becoming pi-
rates whose activities could lead either to a handsome reward or, potentially, to
death.

Despite its many simplifications and generalizations, the expected utility model
developed for this paper takes into account many factors and packs more explana-
tory power in answering the question of why Somali piracy spread both horizon-
tally (number of pirates) and vertically (value of piracy profits) between 2000
and mid-2009, and why it has been declining since. Simply put, piracy was the
option that maximized expected utility for a large number of Somali men, so they
engaged in it.
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Accounting for Provincial Differences:
The Influence of Legislation on Consumer Bankruptcy

Filings

By Mark A. Rempel

Given the high risk of credit default for consumers, this paper in-
vestigates the structural underpinnings of the Canadian bankruptcy
system. Applying econometric techniques on the comprehensive
data sample between 1998-2002, a fixed-effects (panel) regression
model which has strong predictive and explanatory power on the
levels of individual filing rates (within refined geographic areas)
was developed. Using this model, it is possible to attribute the het-
erogeneity of bankruptcy filing rates across provinces to legislative
differences stemming from varying asset/income exemption levels
offered by the provinces.∗

I. Introduction

A. Background Literature

In the wake of the recent financial crisis, consumer bankruptcy is a highly
relevant topic for nearly all developed nations. In Canada, as a result of the
persistently low interest rates, households have shouldered record high levels of
debt. The consequent risk of future defaults–and therefore bankruptcies–is thus
quite high given an increase in interest rates.

In the American context, the dynamics of consumer bankruptcies have been
the source of controversy both in academic and political circles for over a decade.
Athreya (2006) argues that (uniform) bankruptcy exemptions are positively asso-
ciated with filing rates and that they are negatively associated with the availability
of unsecured credit. He finds quantitatively, using an incomplete markets model,
that household unsecured debt monotonically increases with exemptions and that
there are small but positive welfare improvements from having exemptions due
to the increased willingness of consumer’s to take on higher debt.

Li and Sartre (2002), on the other hand, examined asset-exemptions in the
context of a proposed means-test reform. Using a more complete model than
Athreya–a deterministic growth model–they evaluated the consumer debtor choice
between Chapter 7 and 13 bankruptcy in the US. Simply put, Chapter 7 bankruptcy
exacts the debts-owing from the debtors assets, while Chapter 13 bankruptcy ex-
acts future disposable income to satisfy the debts-owing.

Li and Sartre argued that a reduction in asset-exemptions posed as a disincen-
tive to save, which both increased the likelihood of default and the borrowing
premium under Chapter 13 bankruptcy. They found that this logical chain im-
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plied a lower volume of consumer loans and higher labour output. As this lower
volume and higher output suggests lowering exemptions is welfare-improving, Li
and Sartre have results which are diametrically opposed to those of Athreya.

As a precursor to the above studies, White (1998) posited that the state-
determined exemption levels and the associated (American) federal bankruptcy
legislation should impel a much higher bankruptcy rate than observed. From her
initial finding that 14% more households would benefit from filing for bankruptcy
than actually do, she explained that this difference arose due to either a value
option–a debtor’s value of retaining the ability to utilize Chapter 7 bankruptcy–or
creditor laziness, in that creditors do not attempt to collect on the debts due to
limited collection options and low expected yields.

Much more recently, Livshits, MacGee and Tertilt (2007) explored differences
between the US Chapter 7 “Fresh Start” system and Germany’s “No Fresh Start”
system. A “Fresh Start” system is one where a struggling debtor may have all
of their debts wiped away upon declaring bankruptcy, while the alternative cor-
responds to a lifelong repayment of the debts. In their article, they posit that
expense shocks should be accounted for when comparing the two systems. As a
particular example, they note the lower medical expense shock for the average
German–compulsorily health insured–versus the average American, who cannot
be assumed to have the same insurance coverage and posit how the varying asso-
ciated expense uncertainty contributes to the utilized system.

Despite this argument, Livshits et. al. (2010) find that expense uncertainty
cannot quantitatively account for the increase in consumer bankruptcies between
1970 and 2002. Using a heterogeneous agent life-cycle model, they examined both
uncertainty and structural credit market shifts as the primary movers behind the
increase and found that nearly three quarters of the rise in bankruptcy filings
were due to credit market changes.

B. Paper Overview

While there has been considerable literature surrounding the American con-
sumer bankrupt, the Canadian counterpart has been relatively neglected. From
Livshits et. al.’s lens of “Fresh Starts”, the Canadian bankruptcy system com-
bines, and forms compromises between, the two different approaches.

Following in the footsteps of Athreya and Li and Sartre, this paper seeks to
analyze the influence of asset exemption levels on individual bankruptcies but
in the Canadian context. A considerable innovation is the inclusion of income
exemption levels into the model, as some debtors’ income streams are far more
important than asset-levels. This paper attempts to account for the difference in
bankruptcy filing rates in Canada by the heterogeneity of both asset and income
exemption levels across the different provinces. Findings indicate that provincial
exemption levels do not explain the variation in bankruptcy filings across small
regional areas and time but that exemptions do play a significant role in explaining
the variation of filing levels across provinces.
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The remainder of the paper is organized as follows: first, a brief summary
of the bankruptcy system in Canada is given, following an outline of the data
and initial model specification. Subsequently, a detailed account of the empirical
methods used is provided, while finally the associated results from the analysis
are presented.

II. Canadian Bankruptcy Legislation

A. Federal Legislation: Bankruptcy and Insolvency Act

The Canadian bankruptcy system is both quite similar and distinct from the
American Bankruptcy System. In the U.S. there are two distinct bankruptcy
procedures available to individual debtors–Chapter 7 and Chapter 13 of the
Bankruptcy Code (Title 11)–in which they may choose to give up their assets
in exchange for debt-absolution or else promise away a proportion of future in-
come necessary to pay off the debt. Similarly in Canada, debtors have the two
primary options of either making a “proposal” or officially declaring bankruptcy.
Under the first option, debtors must propose a payment plan which attempts to
pay off as much of the debt as possible and are in turn absolved of all unsecured
sums owed beyond those paid through the plan. Under the second option, all of
the debtor’s assets and income seizable by law are used to satisfy as much of the
debt-owing as possible, while freeing the debtor of all liability thereafter.

The Canadian legislation rests federally on the Bankruptcy and Insolvency
Act (BIA) of Canada and has provincial legislative accessories, which outline
various details like the amount of assets/income sheltered from creditor seizure.
According to the act, the steps to become bankrupt are two-fold. An insolvent
person must first commit an “act of bankruptcy,” and second, a creditor must
respond by filing a bankruptcy order. An act of bankruptcy occurs when a person:
assigns his property to a trustee; offers proof of insolvency; sends a notice to the
creditors of a suspension of payments; consistently fails to meet his/her liabilities
on time; attempts to defraud a creditor; or defaults on a proposal (BIA, section
42).

In order to avoid the seizure of all their non-exempt assets, an insolvent person
may file a proposal to his creditors before the court which outlines an agreed upon
payment plan. Since 1992 there are two different types of proposals available to
an individual: Division I and Division II. Under Division I, the proposal must be
made to all unsecured creditors (e.g. credit card companies) and can also include
secured creditors2(BIA, section 50(1.2)). In Division II, the debtor must make a
similar proposal as in I, with the added provision that the payment plan cannot
last beyond five years. This Division II proposal was available for individuals with
less than $75,000 in aggregate debts; this amount held up until 2005, whereupon
it increased to $250,000. The primary benefit of proposing under II versus I is

2A secured creditor is defined to be one who lent to the debtor on the condition of being able to seize
certain assets in lieu of the money in the event of the debtor defaulting.
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that the proposal is necessarily binding on all unsecured claims and any secured
claims which had been filed at that time (BIA, section 66.28).

In the event that the proposal is rejected by the creditors or the court, the debtor
is automatically declared bankrupt. If this event takes place, all personal property
of the bankrupt individual, which is not exempt by provincial law, is liable to
being seized and sold. The average first time bankrupt individual is typically
discharged from bankruptcy after 9 months. During this state of bankruptcy, all
of the individual’s earnings and assets are under the legal control of the appointed
trustee who releases to the individual the state-protected earnings and assets,
while distributing any surplus amounts to the creditors.

B. Provincial Exemption Legislation

To allow for the vast diversity inherent in the provinces, the federal Bankruptcy
and Insolvency Act allows for provincial variation in the exempt goods and values
of a bankrupt from seizure and execution (BIA, section 67(1)(b)). Due to the same
basic needs/sensibilities, the property that is exempted from seizure/execution is
nearly identical across provinces. The main differences, however, lie not in what,
but rather in how much is exempt.

The property exemptions within the different provinces (from 1996 onwards) all
fall under the general categories of: furnishings and household appliances; food
and fuel (for heating); ordinary clothing; medical aids and handicap accessories;
professional tools and work vehicles; farming/fishing goods, equipment and mate-
rials; and primary residences. The basic necessities (the first four) are given to all
bankrupts, while the medical aids, tools, vehicles, and agricultural/aquacultural
equipment exemptions vary according to the primary occupation of the debtor.
Beyond all of the property exemptions stated above, nearly all provinces guard a
large portion of a debtor’s income from garnishment or seizure. New Brunswick
and Nova Scotia offer full wage garnishment protection which far exceeds the
protection of other provinces. Ontario has exempted the next highest percentage
from garnishment of 80% with B.C., Quebec, and Manitoba 10% behind. Quebec
exempts even more than this, as Quebec has a base amount exempt (depending
on the number of people per household) and added above that is 70% of wages.
All the other provinces give flat wage exemptions based primarily on household
size, type, and number of dependents. The range of exemption varies from $151
in PEI to as high as all income being exempt in New Brunswick/Nova Scotia.

Although there have been many major reforms and amendments to the Bankruptcy
and Insolvency Act of Canada, few occurred in the interest period 1998-2002. The
most substantial legislative change was a large asset-exemption increase in On-
tario when aggregate asset exemptions increased by $50,000 on April 15, 2001.
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III. Data

A. Data Overview

The data used for this study is based on individual bankruptcies between 1998
and 2002 at the geographic level of the Forward Sortation Area (FSA). An FSA
is defined by the Canada Post Corporation as the first three digits of a Cana-
dian Postal Code (e.g. H2W 1V3). The first of these three digits indicates the
province, while the last two identify the exact area in a city/town/rural region.
As the aggregation of all the FSAs covers all inhabited land in Canada and an
individual FSA is a very localized area, the FSA level of data is quite useful in the
given context. The historic bankruptcy laws and exemption amounts were person-
ally collected from the corresponding historic legislation available at the Supreme
Court Library. All remaining data were acquired from Statistics Canada, cour-
tesy of the Data Liberation Initiative through McGill University. As mentioned
earlier, exemption regulations varied significantly across provinces. Using only
the quantifiable exemption values in computations, a maximum exemption value
is computed, which varied by province and accounts for the heterogeneity of
legislation for farmers/fishermen vis-à-vis other professionals. More specifically,
exemption values for the goods of furniture, clothes, vehicles, food, medical aids,
professional tools, sentimental objects, and principal residences for all types of
people but the farmers/fisherman are used.

B. Initial Model

In an attempt to explain the number of occurrences of bankruptcy on a local-
ized regional basis, the unemployment rate and population on the FSA level are
used as controls, and on the national level the bank rate and various aggregate
measures of income/indebtedness (including the per-capita savings, disposable
income, wage, farm income, investment income, residential mortgage, national
housing act mortgage backed securities, etc.) were used. Given the unavailability
of detailed data on Canadian household asset levels and inside knowledge of the
historic bankruptcy exemption conventions as to what trustees/sheriff’s/judges
deem exceeds the point of “necessity” on various goods in exemption legislation,
we utilize a fixed-effects panel model in order to account for the unaccountable
but existing heterogeneity across provinces. The original specification was

y = Xβ + Dγ + ε,E(εε′) = σ2
εI,

where X is an n×k matrix of regressors (k independent variables not including a
constant), D is an n×d matrix of dummies (here d = 10, the number of provinces
in this case) and β / γ are k × 1 and d× 1 vectors respectively.

Unfortunately, due to the collinearity, which would occur with the fixed-effects
dummies, we cannot directly use the province-wide exemption levels for the indi-
vidual goods. Instead, we may rely on the computed maximum asset exemption
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and retained income variables to capture any influence of the concrete exemption
amounts on the bankruptcy choice.

In addition to these exemption variables, we include the average/median level
of household expenditure (across FSA’s) on various articles in our matrix of re-
gressors to try to capture differing consumer spending patterns across geographic
regions.

IV. Empirical Methods and Intermediate Results

A. Initial Regression Analysis

Prior to running any regressions, one should note that the response variable–
the number of bankruptcy filings in a given region per year–is a count/rate. This
implies that a normal distribution is theoretically not a sound assumption to make
on the errors. Indeed considering a plot of the residuals against fitted values 1
one easily notes that the residuals become more dispersed as the fitted values
increase.

Figure 1. Initial Residual Plot

This plot clearly indicates the the classical OLS assumptions are violated in
this model.3 A priori, given the count nature of the data, one would expect
the variable to be distributed as a Poisson; consultation of a histogram does in
fact display a distribution conformable to Poisson. Indeed, the goodness-of-fit test
from running a Poisson regression confirms this suggestion with a Goodness-of-Fit
χ2 of 95,134.66. In other words, this test statistic tells us that the squared distance
between the observed values and the expected under a Poisson distribution is
statistically significant. Despite this, considering the mean variance relation of the
Poisson distribution (E(y) = V ar(y)), the Negative Binomial distribution seems
most appropriate. This follows as the Negative Binomial distribution behaves
similarly to the Poisson, excepting a looser mean-variance relation. A comparison

3The plot distinguishes between large and small FSA’s, indicating clustering of residuals with fitted
values associated by type.
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of maximimum likelihoods for generalized regressions using Poisson and Negative
Binomial assumptions confirms that the negative binomial regression suits the
current model much better than the Poisson regression.

Given these considerations, we have the option of choosing to transform the
response (e.g. taking the square root) or else abandoning ordinary least-squares
techniques and applying more generalized linear techniques. We explore both
avenues in the following subsections of the paper.

B. Transformations and Outlier Analysis

Remaining in the OLS framework and using the re-specified initial model, it is
possible to apply a square-root transformation on our response due its ability to
stabilize the variance of a Poisson distributed random variable. Comparatively
to other traditional transformations, Figure 2 shows that it does the best job of
normalizing the distribution of the number of bankruptcies in an FSA. Given the

Figure 2. Comparison of Standard Transformations

relationship between the response variable and the errors it comes as no shock
that the transformation also normalizes the apparent distribution of the errors.
This can be seen on the left side of Figure 3, though over-dispersion is still some-
what apparent in the Q-Q Normal plot. Beyond the distributional differences,
there still appear to be some observations that are substantially different from
the bulk of the sample. We now turn to influence/outlier diagnostics in order to
properly identify influential outliers. The common diagnostic measures utilized
were studentized and r-student residuals, Cook’s distance, DFFITS, Covratio,
and leverage. Specifically, the Cook’s distance measures the squared Euclidean
distance between the vector of fitted values when the i th observation is deleted.
As such, a Cook’s distance, which exceeds F0.5,p,n−p (where p is the dimension of
all independent variables in the model, n the number of observations), indicates
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Figure 3. Residual Plots for the Transformed Response

(a) Fitted Value vs. Residual Plot (b) Q-Q Normal Plot

that the vector of least squares estimates excluding the i th observation would
not be contained within the 50% confidence region of the original vector of least
squares estimates. Somewhat similarly, the DFFITi statistic is a deletion di-
agnostic of influence on the fitted value for the i th observation. Belsley, Kuh,

and Welsch (1980) suggest that |DFFITi| > 2
√

p
n indicates an influential point.

For outlier detection, we consider the standard residuals and the r-student and
studentized residuals, which are all just scaled variations of the original residual.
Using these common diagnostics, there are 983 observations that are identified

Figure 4. Influence/Outlier Plots

(a) R-Student versus Leverage Plot (b) Cook’s Distance

by the measures’ associated critical values. The squared r-student versus lever-
age plot (Figure 4) reveals that one observation dwarfs the rest, having both a
profound amount of influence and lying far removed from the space of fitted-
values. As it may algebraically be shown that the Cook’s distance statistic can
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be rewritten as Di =
r2i
p

hii
1−hii where ri is the studentized residual and hii the i th

diagonal from the hat matrix (also known as the projection matrix for all regres-
sors X(X′X)−1X′ where X is the full set of independent regressors including the
provincial dummies) the Cook’s distance accounts for both the indication of being
outlying from the residual and its level of influence; a plot of the Cook’s distance
somewhat redundantly indicates this same observation–observation 2488–as be-
ing an influential outlier. Now considering the Covratio for 2488 which compares
as a ratio of the generalized variance of β̂ with or without the i th observation
(including observation 2488 in the denominator), we see that the Covratio has a
value of 1.29. As this is greater than 1, this observation significantly improves
the precision of our least squares estimates.

Investigating some general characteristics of this particular observation, one
notes that it represents a small town in southern Ontario and therefore falls
under the small FSA category with a population of 2634 and only 8 bankrupts.
Furthermore, there is little significant pair-wise distinction between this and other
observations (i.e. none of the individual values for this outlying observation is
substantially farther away from the mean than any other, but the whole set
combined clearly makes it distinct). For example, this outlying observation had
a high unemployment rate of 10% in that year (1998), compared to a national
average of 8.5% amongst FSAs which had any instance of bankruptcy, but is still
within a standard deviation of the mean (4%). As there is no obvious exogenous
rationale to delete this variable (or any other observation in the sample), we will
forgive but not forget this point for the time being.

C. Variable Selection

The transformed response model does a fairly good job of linearly explaining
the variation of the number of bankruptcies in an FSA under the classical normal
assumptions. The difficulty with this model is that it uses the asset/liability lev-
els of the debtors who became bankrupt as an independent variable, which may
be useful for explaining the bankruptcy levels that occurred but are useless for
predicting future levels. Given this failing, we modify the model with the aim of
increasing its predictive capabilities. Using a standard F-test, one sees that sta-
tistically this is not justified as the hypothesis that the level of assets/liabilities of
bankrupts and the average type of bankruptcy filed has no effect on the number
of bankrupts in an FSA is rejected with F(5, 5964) = 126.20. Despite this statis-
tic, we use only data available (directly/indirectly) through Statistics Canada as
independent variables.

Subjecting the resulting model to Occam’s Razor, we apply a step-wise and
a backward-elimination variable algorithm using first OLS and then a Negative
Binomial regression to find an appropriate subset model. Both subset models,
using different explanatory variables, have near identical explanatory power. In
all instances of variable selection, the algorithm eliminated at least one of the
provincial dummy variables, which renders the interpretability of the selected
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subset models rather convoluted. Thus, we use the subset models given with the
slight modification of including all of the provincial dummy variables.

Utilizing the non-nested J-test, a test for model adequacy, we select the most
appropriate of the models in the OLS and generalized linear model (GLS) cases.
Further comparison of the OLS and GLS models using the Bayesian Information
Criterion for predictive power show that the most adequate OLS model also has
the most predictive power.4

V. Results

A. Technical Analysis of Model I

Figure 5. Model I Residual Plots

(a) Fitted Value vs. Residual Plot (b) Q-Q Normal Plot

From the methodology above, the final model, referred to here as Model I, uses
the square-root transformation on the response variable. Its residual plots are
given in Figure 5. The Q-Q Normal Plot shows a slightly less heavy-tail than
considered earlier in 3 (prior to the variable selection). From the Fitted Value
vs. Residual plot the residuals appear to fall fairly symmetrically around 0 and
vary little more than ±6. While there are 4 or 5 observations outlying in the
lower right-quadrant of the graph, the strongly outlying/influential point from
our earlier analysis is not suggested as one from this plot. The cluster of out-
lying points suggests that our model gives a slightly higher expected number of
bankrupts for some particular group of observations. After exploring a few differ-
ent possibilities, we find that practically all of the extreme/outlying observations
are from Quebec. This result is clearly depicted in Figure 6. The fact that the

4To further evaluate the best models, it would be a interesting endeavor to take out-of-sample data
for our independent variables and attempt to predict the actual number of consumer bankruptcies in
Canada for the out-of-sample time period (e.g. predict the number of bankruptcies between 2003-2009
within Canada and compare with the actual aggregate amounts).
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Figure 6. Model I’s Fitted Value vs. Residual Plot: A Second Glance

Quebec observations vary the most widely and account for all visible instances of
outliers is likely not a coincidence. One would expect given this result that there
is some dynamic in the Quebec observations, which this model fails to account
for. Discovering this difference is worthy research for the future.

Figure 7. Influence/Outlier Plots

(a) R-Student versus Leverage Plot (b) Cook’s Distance

Returning to the more general outlier/influence treatment, one should note
that the previously offending observation 2488 has fallen into line with the rest
of the observations under Model I. The Cook’s Distance plot in Figure 7 readily
indicates this fact as all the values are far below the critical value of (roughly)
1. Although in general the number of flagged influential points has not been
significantly reduced (down to 948) for our remaining influence measures, it is
clear that Model I is an improvement on the prior models. Further investigation
into influential outliers in the Squared R-Student vs. Leverage subplot 7 does not
expose a small set of outliers, though there is a cluster of highly influential points
which happen to be on the plane of best fit (and are therefore not outlying).

From the summary results for Model I, we find that there are two sets of



52 THE MCGILL JOURNAL OF ECONOMICS 2011

variables which have strong linear-dependence between variables within the set.
The two sets consist of the average level of household expenditure on consumer
goods/staple living costs in the FSA and the national (per capita) levels of in-
come/investment/debts. From the first category, the total consumer expenditure
for a region has in essence the opposite effect of the household expenditure on
individual components like shelter and food. This observation strongly suggests a
multicollinearity issue. Indeed, considering the variance inflation factors (VIF) for
Model I, one finds that (with VIF’s above 10,000) there is a high level of collinear-
ity between regressors.5 The issue of near-perfect linear dependence among the
regressors implies that the standard error of our estimates may be severely in-
flated, thereby causing over-rejection in our variable selection algorithms and
reducing the interpretability of individual coefficient estimates. In an attempt to
deal with this difficulty, we first test whether the household variables are jointly
significant with an F-test. Indeed the household variables are jointly significant at
all (reasonable) significance levels ( F(6, 5984) = 5.55 ) and we will consequently
drop one or two of the household variables to reduce the linear-dependence. Con-
sidering the correlation matrix of these regressors, we find unsurprisingly that
the average total consumer spending is highly correlated to the other household
variables. We also find that the furniture, transportation and education variables
can linearly explain over 90% of each other’s variability while being significantly
less correlated with the more basic household expenditures of food and shelter. It
is noteworthy that while one would think there would be a strong linear relation
between average rent and household expenditure on shelter by their names, there
is in fact only a correlation of 52% between them. This result no doubt stems
from the shelter variable including expenditures of home owners which cannot
reasonably be expected to match those of rental expenditures.

Dropping the total consumer spending, the transportation and education house-
hold expenditure variables, we learn that the fit (according to the R2 and global
F statistic) has not been noticeably hurt as a result of the dropped variables
but the remaining household expenditure variables (according to the t-statistics)
are not significant. As these variables are no longer jointly significant (with the
p-value of 0.315 for the corresponding F-statistic) at even the generous 10% signif-
icance level, this specification is not ideal. Returning to the original Model I and
keeping only the total consumer expenditure from our set of household variables,
we find that this eliminates the considered linear-dependence while individually
remaining significant at the 10% level.

Now considering the second set of strongly linearly dependent variables, one
observes the same issues as above. The collinearity indicated for the per capita
variables (like income/mortgage-backed securities) is not altogether unexpected
as they vary only across year (not across FSA). This particular case of linear-
dependence would easily be overcome with income/investment/mortgage data on

5Variance Inflation Factors are the diagonal elements of the (X′X)−1 matrix when X is in correlation
form.
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a finer geographic level than national (which unfortunately is not readily avail-
able). Dealing with the reality at hand, again seeking to eliminate the linear-
dependence, we consider the correlation matrix of these variables (after verifying
in the same manner as with the household variables—with an F-test—that these
6 variables are jointly significant). Upon dropping both corporate and govern-
ment transfers variables along with the aggregate individual income variable, the
resulting fit is again relatively unchanged. Individually, we see that the two re-
maining variables under consideration (aggregate wage level and residential mort-
gage level) are not statistically significant at the 10% level, while jointly they are
significant at the 10% level (with a p-value of 0.098 for the F-test).

B. Analyzing the Final Model’s Results

At last, as all near-perfect linear dependencies have been eliminated, we arrive
at the final model. The summary results indicate that the model can linearly
explain 95% of the variability in our response variable by the independent vari-
ables and that the probability that all of the regressors’ coefficients are in fact 0
is close to 0 itself. We also find that all of my non-provincial dummy variables
are significant at the 5% level but are in general quite small. Among the largest
estimated coefficients (abstracting from the difference of the independent vari-
ables units and excepting the provincial dummy coefficients) is the coefficient for
the population indicator variable ‘large’ where for a given FSA with a population
below 13,000, they can expect a decrease of 16 bankruptcies in a year.6 While
this result on its own would be unintuitive, the urban dummy coefficient damp-
ens this effect slightly with a given rural FSA becoming urban would increase
the expected number of bankruptcies by (about) 1.6. The estimated population
coefficient tells us that an increase of approximately one million people in an FSA
increasing the expected number of bankruptcies there by 1. This is a surprisingly
small effect especially given that the maximal FSA population in the sample is
132,000.

The (overnight) interest rate set by the Bank of Canada (averaged over the
year) appears to have only a small effect in this model. With a 100 basis point
increase, each FSA can expect about 0.03 more individual bankruptcies declared.
Although the unemployment rate would intuitively be a significant determinant of
bankruptcy, here the unemployment rate would have to increase by 200 points in
order to increase the average number of bankruptcies per FSA by 0.5. In concrete
terms, this is extremely marginal subject to the context that the average FSA has
an unemployment rate in this period of 8.05 and standard deviation of 4.98. The
remaining household expenditure variable average total consumer expenditure in
a year has a low and barely statistically significant at the 10% level estimated
coefficient of 0.0000884. Thus the average household consumer spending in an
FSA does increase the likelihood of observing a consumer bankruptcy there, but

6These estimated effects are given by inverting the square-root transformation on the response.
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only marginally. Unlike all of the aforementioned variables, the remaining non-
dummy variables in the model are not statistically significant at either the 5% or
10% significance level and as such will not be discussed in any detail.

Moving at last to the provincial dummy variables in the final model, a first
glance implies a difficulty in interpretability between provinces as both the provin-
cial dummy and its interaction with ‘large’ have been dropped due to collinearity.
This seeming difficulty is in this case not one as the variable ‘large’ corresponds
one-to-one with the provincial dummy in PEI. Thus we will not examine to closely
the provincial implications for PEI, but this will not impact our ability to inter-
pret the remaining provincial dummies (or implicitly the other variables either).
Another important observation is the that some of these variables are not sta-
tistically different from 0 at the 10% significance level and are included only for
the benefit of interpreting the remaining variables. Considering the interaction
dummies that take into account the constant provincial effect on FSA’s that are
not particularly small, we find that all of the provinces have a positive effect (and
are statistically significant at the 5% level). The expected number of consumer
bankruptcies in a given ‘large’ FSA ranges by province from a minimum of 24 in
Saskatchewan to a maximum of 45 in New Brunswick. The majority, however,
hover around 32 bankruptcies with a mean between the nine included provinces
of 32.89. Now in contrast, the expected decrease in the number of consumer
bankruptcies according to a province, regardless of the size of the FSA, ranges
between 0.03 in Nova Scotia (not statistically significant) to 13.32 in Manitoba.

Considering the net provincial dummy effect for ‘large’ FSAs (summing the in-
verse transformation of our response on the two coefficients when both statistically
significant and using only the statistically significant one otherwise), we find that
Nova Scotia, New Brunswick, and Quebec all have the highest expected number of
bankruptcies at around 36. Ontario, Alberta, and British Columbia follow behind
with an expected number in the 20’s. Finally, Manitoba and Saskatchewan have
the lowest number of expected bankruptcies for their ‘large’ FSAs with about
17 expected. To try to rectify these provincial coefficients with the province’s
asset/income exemption amounts we will compare the two for each of the (nine)
considered provinces. As far as asset exemptions are concerned, Alberta unam-
biguously offers the highest quantifiable level throughout the panel at $63,000.
While Ontario gives the second most generous quantifiable aggregate exemption
levels—$55,000—by 2001, in 1998-2000 it is one of the most stingy (at around
$10,000).

The effect of this asset-exemption shock is clearly seen in Figure 8 especially
when contrasted with the relative stability in the other provinces (excepting Que-
bec for some reason not explained here) Figure 9. (One must caution however
that the crash of Nortel also occurred in 2001 whose effective epicenter of was
Ontario and as such may be partially to blame for some of the jump in fil-
ings as well). British Columbia and Saskatchewan follow behind with aggregate
asset-exemptions just slightly above $40,000). Newfoundland is next, with about
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Figure 8. Ontario-Quebec Annual Bankruptcy Levels

Figure 9. Other Provinces Annual Bankruptcy Levels

$30,000 in aggregate asset-exemptions.

Now the remaining provinces have concrete asset-exemption levels below $15,000.
However, this does not tell the entire story for them as New Brunswick, Nova
Scotia, Manitoba and Quebec nebulously allow all of certain classes of assets
“necessary” to be exempt. For example, Manitoba offers 1) all food/fuel required
for the 6 months after bankruptcy to be exempt, 2) all furniture and clothing
deemed “necessary” to be exempt, and 3) all seeds/livestock/machinery sufficient
to farm all personally cultivated land in the next year up to 160 acres of land
unseizable (of course providing the main occupation of the debtor is farming). It
should be noted that the asset-exemptions for farmers are even less well defined,
though seemingly quite generous (in comparison to all other debtors) for nearly
all provinces. This also deserves investigation in further research.

Contrasting these asset-exemptions with the province’s coefficients and assum-
ing the bulk of the cross-province variation is due to differences in asset-exemption
regulations, one may conclude that the more loosely defined asset-exemptions
appear to be more generous in practice. This is suggested by Nova Scotia, New
Brunswick and Quebec having the highest expected number of bankruptcies while
not having significant quantifiable asset-exemption levels. Manitoba poses a dif-
ficulty to this interpretation as they have one of the lowest expected number of
consumer bankruptcies.
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Consequently, we turn to the income-exemption levels in the hopes of rectifying
this difficulty. The maritime provinces (excepting Newfoundland) offer complete
(100%) wage garnishment protection which is in stark contrast to all provinces
east of them. According to income-exemptions levels, Ontario and Quebec vie for
the distinction of being the most generous of the provinces to allow garnishment:
Ontario offers 80% of a debtor’s income to be exempt while Quebec offers a base
level of $480 +70% of wages for a household with no dependents (and the lump
sum increases to as much as $720 + $120 (per dependent > 2) if supporting a
family). British Columbia and Manitoba are next in line, offering roughly 70% of
a debtor’s wages to be exempt. Now depending on the amount of income made,
Alberta’s lump sum income-exemption range of $800 to $2,400 (depending on
various conditions, see Alberta’s Civil Enforcement Act, section 81 for details)
may exceed those above for certain levels of income. Similarly, Newfoundland
offers lump sum exemptions ranging between $649 and $1050 (varying according
to household composition, see Newfoundland’s Attachment of Wages Act, section
131/ its Regulation 67/97 for details).

Figure 10. Expected Number of Bankruptcy Levels vs. Relative Generosity of Asset/Income

Exemptions

Thus, integrating these income-exemption levels with the asset-exemptions does
help explain the varying expected number of bankruptcies. 10 makes this appar-
ent via a near-direct rank-order matching of expected number of bankruptcies and
exemption levels.7 The high income exemptions of New Brunswick, Nova Scotia,
Quebec and Ontario match almost perfectly the ordering of expected number of
bankrupts in a given FSA by province (provincial dummy coefficients). Further-
more, the difficulty Manitoba formerly posed when trying to explain the provin-
cial coefficients through asset-exemption levels exclusively, can be partially ex-
plained away by their comparatively low income-exemptions. This is particularly
true if you presuppose that Manitoba FSA’s have a lower average income level
than their other percentage income exempt counterparts like Ontario and British
Columbia. Therefore, despite the model not including the explicitly computed

7The ranking is given by a consistent weighting of the asset and income exemptions after assuming
that less-defined exemption values tend to result in more generous exemption levels.
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exemption variables (due to their relatively constant nature), the provincial vari-
ation in bankruptcy legislation (i.e. variation in asset/income exemptions) does
have some explanatory power in our model as captured by the sets of provincial
dummies.

VI. Conclusion

The period between 1998 and 2002 was a relatively stable one in terms of
structural changes to the bankruptcy choices in Canada. As there were no sig-
nificant legislative reforms in the Bankruptcy and Insolvency Act in this period,
the structural variation in the bankruptcy choice was reduced to provincial vari-
ation in exemption levels. Urban dwellers are much more likely to go bankrupt
than the same people transplanted into a rural setting. This result is worthy of
future exploration, since there is much higher federal and provincial protection
for insolvent farmers/aquaculturalists than any other type of debtor. The bank
set interest rate and unemployment rates do indeed have an impact on filing
rates, but less than might otherwise be expected. Finally, the average house-
hold total consumer expenditure levels are shown to be (marginally) positively
associated to the number of consumer bankruptcies. While we investigated the
effect of exemption levels on all individual bankruptcy filings (including propos-
als), a stronger, more nuanced description would likely arise from considering the
variation based on whether bankruptcy was actually declared or a Division I/II
proposal was successfully made. Understanding the effect of bankruptcy legisla-
tion and any associated legislative changes on bankruptcy filing rates is central to
comprehending fully the dynamics of the Canadians bankruptcy choice. As the
Canadians bankruptcy choice is a hybrid between a complete “Fresh Start” and
“No Fresh Start” distinct from the American system, the Canadian bankruptcy
system deserves further research in its own right.
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Capital Controls and Stability: An Extension of “Capital
Controls and the Gains from Trade in a Business Cycle
Model of a Small Open Economy” by Enrique Mendoza

By Stedman B. Hood

This paper summarizes and explains Mendoza’s 1991 article,
“Capital Controls and the Gains from Trade in a Business Cycle
Model of a Small Open Economy”. Following this presentation, we
evaluate the models strengths and shortcomings, and extend Men-
doza’s framework to accommodate a variety of government policy
goals. In particular, we offer two regimes under which the gov-
ernment imposes capital controls only after certain thresholds are
reached.

I. Introduction

The European debt crisis, and in particular Paul Krugman’s commentary (2011),
has reinvigorated an ongoing discussion on the efficacy and appropriateness of cap-
ital controls. Krugman suggests that countries could plausibly leave the Euro by
instating capital controls subsequent to their withdrawal. More generally, capital
controls may be set in place to guard against capital flight during an economic
downturn. With this motivation, we summarize and explain Mendoza’s 1991
article, Capital Controls and the Gains from Trade in a Business Cycle Model
of a Small Open Economy. Following this presentation, we evaluate the models
strengths and shortcomings, and conclude with possible extensions to Mendoza’s
framework to accommodate a variety of government policy goals.

Mendoza seeks to measure capital controls impact on domestic agents’ ability
to use domestic capital and foreign assets as alternate vehicles of saving. Capital
controls limit domestic agents access to foreign assets, which may impact their
ability to intertemporally smooth consumption, and thus welfare. Mendoza is
interested in these welfare effects.

He presents a dynamic stochastic model of a small open economy, solving for
stochastic steady states of consumption, investment, labor supply and foreign
asset accumulation. These are found as numerical solutions to a dynamic pro-
gramming problem, yielding solutions – steady state values – in the form of unique
limiting distributions for these variables. Half of his paper is dedicated to measur-
ing the impacts of free capital flows on consumption smoothing using Canadian
data. However, the following analysis shall focus on the theoretical model rather
than its application with the data.

The model builds on three previous papers. The first contains an almost iden-
tical framework, presented in Mendoza (1991a). This provides greater depth
in explaining the basic structure of the economy but leaves out the discussion

59
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of capital controls. Mendoza refers back to (1991a) often when glossing over
his derivations in (1991b), so it is useful to have as a reference when analyzing
(1991b). Obstfeld (1981) develops a model quite similar to this, only without
the stochastic element and thus without recourse to Epstein’s stationary cardinal
utility. Epstein (1983) presents stationary cardinal utility (SCU); we describe it
below. Mendoza employs these preferences to allow for a stochastic steady state.

II. The Model

A. Stationary Cardinal Utility

Mendoza begins with a representative agent. This agent lives forever and has
preferences defined by Epstein’s SCU,

E

[ ∞∑

t=0

u(Ct −G(Lt)) exp

(
−

t−1∑

τ=0

v(Cτ −G(Lτ ))

)]
. (1)

Consider the first component of this SCU,

u(Ct −G(Lt)) =
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Ct − Lω

t
ω

)(1−γ)
− 1

1− γ , ω > 1, γ > 1. (2)

Note that this functional form for utility uses a “composite commodity [Ct−G(Lt)]
described by consumption [Ct] minus the disutility of labor [G(Lt)]” (Mendoza
1991a). This allows the marginal rate of substitution between consumption and
leisure to be a function of only leisure. To verify, we take the partials with respect
to leisure and consumption,

∂u

∂Ct
=

(
Ct −

Lωt
ω

)−γ

∂u

∂Lt
=

(
Ct −

Lωt
ω

)−γ
(−Lω−1t )

yielding the marginal rate of substitution, MRSC,L = −1
Lω−1
t

, which indeed depends

only on labor supply. This composite commodity, Ct − G(Lt), therefore allows
us to “separate the labor supply decision from the dynamics of consumption”
(Mendoza 1991b). This will provide an important simplification to the dynamic
programming problem considered in section 3. A priori, the composite commodity
approach though unusual is not particularly objectionable.

SCU endogenizes the internal discount factor. Consider the second component
within the SCU,
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v(Ct −G(Lt)) = β ln

(
1 + Ct −

Lωt
ω

)
, β > 0. (3)

The v(Ct − G(Lt)) function should be seen as ρ in a traditional intertemporal
objective function. Time preference is endogenously determined by previous con-
sumption. In particular, impatience increases with past consumption.

This refinement of ρ takes the analytical framework for internal discounting
closer to reality. To the extent that SCU is expectational, it accounts for uncer-
tainty. Thus, the internal rate of discount at some future time, t, depends on the
expected future stream of consumption up to that period. Epstein argues that
the presence of uncertainty should “strengthen the case for discounting,” and
that SCU, by accounting for uncertainty’s effect on discounting, “gives precise
meaning to, and a rigorous basis for, this view” (Epstein 1983).

Mendoza employs SCU primarily because it allows for the existence and stability
of a stochastic steady state. This is in contrast to the deterministic steady state
found in Obstfeld’s model without uncertainty (1981). Stochastic steady states
are not specific values of consumption, investment, labor supply and foreign asset
accumulation, but rather unique invariant limiting distributions of these variables.

Furthermore, SCU provides a way to create dynamic movement towards a
steady state. Consider the typical case where ρ is constant. For a small open
economy the world interest rate, r∗, is exogenously given. If ρ < r∗, then the
stream of consumption will be increasing forever; vice versa, if ρ > r∗. In either
case, there is no steady state level for any of the relevant variables. If ρ = r∗,
then there exists a steady state, but its trivially determined by initial levels of
the state variables. By contrast, SCU allows ρ to dynamically converge to r∗,
thus inducing the emergence of a steady state. For Mendoza’s purposes, SCU is
an invaluable tool.

B. Production Technology

Mendoza’s model assumes away non-tradable goods. The small open economy
produces only an “internationally tradable composite commodity”. Thus we can-
not analyze the substitution effects arising from changes in the relative prices
of non-traded goods. This is a shortcoming similar to that of the Bickerdike-
Robinson-Metzler model. Yet Mendoza’s goal in this paper is to compare domestic
capital and foreign assets as alternative instruments of saving. This comparison
does not require a determination of the amount of savings to be allocated between
these competing instruments. So, his simplifying assumption is reasonable.

The real output of the entire country is denoted by G(Kt, Lt,Kt+1) and is
determined according to the following,
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G(Kt, Lt,Kt+1) = exp (et)K
α
t L

1−α
t −

(
φ

2

)
(Kt+1 −Kt)

2, α ∈ (0, 1), φ > 0.

(4)

This production technology incorporates Cobb-Douglas technology, an exogenous
disturbance, and adjustment costs. Capital in Mendoza’s model evolves according
to Kt+1 = (1 − δ)Kt+It , where δ is the constant rate of depreciation, 0 < δ < 1,
and It is gross investment. Adjustment costs are a function of net investment,
Kt+1 − Kt , which varies with the speed of adjustment. This gives firms the
incentive to accumulate capital gradually, since the adjustment costs increase
exponentially with per period net investment.

The exogenous disturbance, et , denotes a real shock to production. In this
context, a real shock can be more than a change in total factor productivity:
it can embody a change to the terms of trade (PX/PM). This is because the
country produces solely tradable goods, so that deterioration in the terms of trade
is in effect a real shock to the value of output. We detail the stochastic process
governing et in section 3.C.

C. Possible Financial Structures

Mendoza examines three possible financial structures: free capital flows, capital
controls restricting the accumulation of foreign assets, and a tax on financial
flows. My critique in section 4.C focuses on the shortcomings of these latter two
structures.

Free Capital Flows

This structure features perfectly competitive international capital markets. At
denotes foreign assets, earning the world interest rate of return, r∗. Domestic
holdings of foreign assets evolve according to At+1 = TBt +At(1 + r∗). Mendoza
(1991a) incorporates a random disturbance to the world interest rate. His (1991b)
formulation excludes that random term for simplicity, and because he found that
shocks up to 5% of a standard deviation are insignificant.

This model assumes that foreign investors do not use capital in the domestic
country as a vehicle of savings (i.e. they hold no domestic capital). This as-
sumption is reasonable as long as it does not restrict holdings of foreign assets
from being negative. Current account deficits should not be ruled out. If foreign
countries are not holding domestic capital, then there must still be a way for the
domestic economy to take on debt, so that At < 0. Indeed, Mendoza does allow
for this, as seen from his specification of the “no-Ponzi” condition in the dynamic
programming problem below.
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Capital Controls

Under Mendoza’s capital control structure, the evolution of foreign asset hold-
ings is governed by the restriction At+1 = Â. From the above financial asset
evolution equation, this implies At+1 = TBt + At(1 + r∗) = Â → TBt = −r∗Â,
so that capital controls impose a target trade balance.

Taxes on Financial Flows

The same target trade balance can be achieved with a tax on foreign assets.
This is the second type of capital control considered. Now foreign asset holdings
evolve according to,

At+1 = TBt +At(1 + r∗(1− τ t)), (5)

where τ t is the tax. Rearranging, we get TBt = At+1−At(1 + r∗(1− τ t)). Under
this structure, government redistributes the tax on foreign interest income, r∗τ tAt,
in the form of a lump-sum transfer, Tt = r∗τ tAt. This will change the economy’s
aggregate resource constraint, as seen below in section 3.F.

III. The Steady State

A. Formulating the Dynamic Programming Problem

Consider the free capital flows financial structure. Mendoza constructs a dy-
namic programming problem to solve for the stochastic steady states of consump-
tion, investment, labor supply and foreign asset accumulation. The domestic
economy is subject to the following aggregate resource constraint,

Ct + It + TBt ≤ exp(et)K
α
t L

1−α
t −

(
φ

2

)
(Kt+1 −Kt)

2. (6)

This aggregate resource constraint dictates that the sum of the trade balance,
consumption, and investment must be less than or equal to the countrys real
output. The problem is now to maximize SCU,

E

[ ∞∑

t=0

u(Ct −G(Lt)) exp

(
−

t−1∑

τ=0

v(Cτ −G(Lτ )

)]
, (7)

subject to the following constraints.
The intertemporal solvency restriction places a bound on foreign debt, ∆, such

that At ≥ ∆ , ∀t where ∆ is a negative constant. This makes it clear that
the assumption prohibiting foreign holdings of domestic capital does not keep the
domestic country from taking on debt. Mendoza points out that the intertemporal
solvency restriction has the same effect as imposing the more familiar “no-Ponzi”
restriction (a.k.a. transversality condition), requiring that debt not grow faster
than the interest rate in the limit as the terminal time T approaches infinity.
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Initial values are given by K0, A0, and e0. Mendoza specifies non-negativity
restrictions Kt ≥ 0, Lt ≥ 0, and Ct ≥ 0. The last restrictions are simply those
stated above for production technology and the evolution of capital – embodied
in the aggregate resource constraint – and the evolution of foreign asset holdings.
We first consider the model without capital controls, so that this last restriction
is At+1 = TBt +At(1 + r∗).

B. The Dynamic Programming Problem

These restrictions reduce to the following dynamic programming problem, solved
with respect to Ct, Lt,Kt+1, and At+1.

V (Kt, At, e
s
t ) = max





(
Ct − L̂ω

t
ω

)(1−γ)
− 1

1− γ exp

[
−β ln

(
1 + Ct −

L̂ωt
ω

)]

×
2∑

r=1

πs,rV (Kt+1, At+1, e
r
t+1)

} (8)

subject to

Ct = exp(et)K
α
t L̂

1−α
t −

(
φ

2

)
(Kt+1 −Kt)

2 − It − TBt

= exp(et)K
α
t L̂

1−α
t −

(
φ

2

)
(Kt+1 −Kt)

2 +At(1 + r∗)

− At+1 −Kt+1 + (1− δ)Kt,

and

L̂t = max
Lt

{exp(et)K
α
t L

1−α
t − Lωt

ω
.

The first restriction is obtained by substituting the expressions for investment
and trade balance into the aggregate resource constraint. The second constraint
provides the optimal labor supply. This last equation makes use of the composite
commodity Ct −G(Lt) that allows us to separate the labor supply decision from
consumption dynamics. The “no-Ponzi” and non-negativity conditions mentioned
above are again: At ≥ ∆,Kt ≥ 0, Lt ≥ 0, and Ct ≥ 0.

C. The Stochastic Process

Mendoza makes a simplifying assumption about the stochastic properties of
the shocks, et. He supposes that they follow a two-point Markov process. That
is, they can take two possible values, et ∈ E = {e1, e2} which are symmetric:
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e1 = −e2 = e. Shocks’ probabilities are specified conditional on the previous
periods shock. πs,r is the probability of a shock r conditional on there having
been shock s in the previous period. Thus, πs1 + πs2 = 1, for s = 1, 2.

Shocks are assumed to be symmetric, π11 = π22 = π, and are distributed with
an asymptotic standard deviation σe = e. Furthermore, there is persistence in
shocks, given by the first-order autocorrelation coefficient ρe = 2π−1. Notice that
this is positive, since π = π11 > π12. This provides an added measure of realism
above Obstfeld (1981) while keeping the analytical model relatively parsimonious;
yet its strict bounds are unsatisfactory for analysis of larger business cycles or
deeper shocks. We return to this shortcoming in section 4.

D. Numerical Solution Method

Mendoza explains that this kind of value function cannot be solved analytically
but must be done numerically “using the method of successive iterations on the
value function and on the state-transition probability matrix inside a discrete
approximation of the state space.” This method calculates the unique invariant
limiting distribution of the state variables Kt, At, and est . These are then used to
find the population moments for all of the relevant aggregates.

E. Dynamic Programing under Capital Controls

The problem under capital controls is quite similar to that of section 3.B, only
now foreign assets are not a choice variable. Thus capital controls offer somewhat
of a simplification,

V (Kt, e
s
t ) = max





(
Ct − L̂ω

t
ω

)(1−γ)
− 1

1− γ exp

[
−β ln

(
1 + Ct −

L̂ωt
ω

)]

×
2∑

r=1

πs,rV (Kt+1, At+1, e
r
t+1)

} (9)

subject to

Ct = exp(et)K
α
t L̂

1−α
t −

(
φ

2

)
(Kt+1 −Kt)

2 − It − TBt

= exp(et)K
α
t L̂

1−α
t −

(
φ

2

)
(Kt+1 −Kt)

2 −Kt+1 + (1− δ)Kt + r∗Â.

It is a simplification because this problem is now equivalent to that of a closed
economy RBC model, only with the term for constant terms of trade, r∗Â, added
to the aggregate resource constraint.
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F. Dynamic Programming Under Taxes on Financial Flows

Mendoza shows how taxes and direct capital controls can achieve the same
target level of foreign asset holdings. The tax on foreign interest income that will
induce this target level is where rt is the domestic interest rate. The dynamic
programming problem is again similar to the above two. We simply augment the
aggregate resource constraint to account for the tax.

Ct = exp(et)K
α
t L̂

1−α
t −

(
φ

2

)
(Kt+1 − Kt)

2 +At(1 + r∗(1− τ t))

− At+1 −Kt+1 + (1− δ)Kt + Tt,

Note that the tax on foreign asset interest income is returned as a lump sum
transfer, Tt = r∗τ tAt.

IV. Conclusions, Evaluations, and Extensions

A. Mendoza’s Conclusions Based on the Numerical Analysis

The numerical solution method shows a surprising result. Capital controls
“have almost no effect on” output, consumption, or labor. However, they do sig-
nificantly alter savings, investment, and the capital stock. Mendozas primary aim
was to analyze the impact of capital controls on the allocation of domestic savings
between foreign assets and domestic capital. He finds that capital controls distort
the use of both domestic capital and foreign financial assets as vehicles of savings.
Capital becomes the only instrument that can be used to intertemporally smooth
consumption, yet this does not substantially affect domestic agents consumption
smoothing abilities.

This paper then actually offers the view that the gains from trade in foreign
assets as a means of consumption smoothing are quite minimal. This is quite dif-
ferent from what were used to hearing in economics. Keep in mind that Mendoza’s
results focus only on the gains of international trade as a means of consumption
smoothing. This neglects the domestic gains from having access to international
export markets, etc. Nonetheless, it is important to distinguish precisely where
the gains from trade are felt. Though this remarkable result does not outweigh
the other known benefits to free trade, it does challenge us to account for it when
assessing the relative merits of different trade policies.

B. A Limited Framework: The Stochastic Process

One of the biggest drawbacks to this model lies in the stochastic process. The
two-point Markov process employed is convenient for its analytical simplicity
relative to other alternatives, yet the strict bounds limit this model’s realism. A
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worthwhile addition might be to allow for et to follow some continuous, unbounded
distribution.

Another improvement would be to maintain the simplicity of the Markov pro-
cess but further exploit the persistence in shocks, allowing each previous shock
to determine the range of the next. For example, let the tth period shock be
distributed as the two-point Markov random variable et ∈ E = {e1t , e2t }, only
now the bounds are determined by the last periods shock. That is, et ∈ {e1t =
et−1 − e1, e2t = et−1 + e2} where e1 and e2 denote the same fixed intervals as in
Mendoza’s formulation. Now we have the possibility of a feedback mechanism
that could allow an analysis of capital controls in the presence of bubbles or
economic crises.

C. A Limited Framework: The Structure of Capital Controls

Just as the 1st generation currency crisis models presented näıve or simplistic
government monetary policy, so Mendoza’s capital controls model could benefit
from a more intricate government policy. Neely (1999) articulates a multitude of
government objectives and their corresponding capital control policies. Mendoza
considers taxed financial outflows and strict limits to financial outflows. However,
there could be similar taxes and limits to inflows.

Countries will often wish to limit outflows in the event of an economic downturn.
In this event, they would like to lower interest rates and enact other expansionary
monetary policy without suffering the loss due to capital flight. Alternatively,
they could tax outflows to discourage capital flight.

Neely (1999) argues “preventing destabilizing outflows by limiting inflows [is
considered] to be more promising than directly trying to stop outflows [directly].”
In this way, taxes or limits on inflows can diminish volatility and proactively dis-
courage bubble formation, which will preclude destructive capital flight following
an economic crisis or bursting bubble. Nonetheless, capital controls on outflows
have historically served well during sharp economic downturns, as in Malaysia.
Either method may be employed for the same ultimate goal of stability.

D. Combining Dynamic Government Policy with a Stochastic Feedback Process

In light of these criticisms, let us outline an alternative. Consider the second
stochastic process from section 4.B. Under this process, a series of increasingly
destructive shocks could build on each other. This would induce foreign capital
flight andwhich would propagate the latterwould induce the government to pursue
expansionary policy. In order to avert a large-scale collapse, the government could
plausibly move from a free capital flows regime to one of strict limits on outflows.

We should then consider the following government rule,

TBt =

{
At+1 −At(1 + r∗) if

∑t
τ=0 β

t−τeτ > C

−r∗Â if
∑t

τ=0 β
t−τeτ ≤ C.

(10)
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This says that the government maintains free capital flows if the sum of dis-
counted previous shocks is greater than C, where C is a negative constant, and
imposes controls on capital outflows ofÂif the sum of discounted previous shocks
is less than or equal to C. The discount factor would presumably be quite large,
since only the most recent shocks are relevant to current policy. Note that if the
crisis comes on the heels of a large inflow of foreign investment, then we could
expect the country to be a net debtor, so that Â < 0. Also, this formulation
assumes that the domestic country can borrow at the world rate of interest.

Alternatively, the government could adopt a “proactive” capital controls policy.
In this formulation, they are concerned with the effects of volatile, herd-like capital
inflows that could spur an unsustainable bubble. Consider the following proactive
rule,

TBt =

{
At+1 −At(1 + r∗) if

∑t
τ=1 β

t−τ [Aτ −Aτ−1] > D

At+1 −At(1 + r∗(1− τ t)) if
∑t

τ=1 β
t−τ [Aτ −Aτ−1] ≤ D.

(11)

The government is now concerned with the rate of changenot the levelof capital
inflows. If Aτ − Aτ−1 has been very negative for several periods, say equal to
or below the threshold D, then the government may be worried about bubbles
forming and the potential for destructive capital flight. It will then levy a tax on
inflows to discourage the rate of inflows from increasing any further. As in the
previous case, the discount factor will likely be very high.

E. Concluding Remarks

Mendoza’s model is remarkable in its ability to explain a great deal while main-
taining analytical simplicity and elegance. Indeed, the paper succeeds in its aim
of measuring capital control’s effects on consumption streams. The model’s limi-
tations mainly lie in areas that Mendoza never claimed to be exploring. He was
not interested, for example, in analyzing the effects of capital controls in the midst
of an economic collapse or as a preventative measure against collapse. Section
4.D aimed to show how simple extensions to Mendoza’s framework could allow a
broader application of his model to these types of economic phenomena. A study
for further inquiry could use these extensions: employing numerical methods to
precisely measure the effects of capital controls during periods of volatile foreign
investment activity and economic downturns.
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