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Abstract

On Endogenous Market Incompleteness,
Cycles, and Growth.

ALEXANDRE DMITRIEV

This doctoral thesis consists of three self-contained essays in Macroeconomics and Economic
Growth.

Essay 1. “Technological Transfers, Limited Commitment and Growth”

Evidence shows that there are substantial rich-to-poor international capital flows although
not as abundant as differences in rates of return would suggest. These flows are procylcical:
abundant in good times and scarce in bad times. They have been reported to promote growth
and stability in some countries, but merely to augment instability in the others. Conventional
growth models face certain difficulties in accounting for this pattern. In this paper, we
propose a dynamic model of capital flows to developing countries which is qualitatively
consistent with these empirical regularities. The model is based on three main premises:
i) international lending contracts are imperfectly enforceable; ii) access to the international
financial markets results in technological transfers to a developing country from the rest
of the world; iii) some of the productivity gains associated with the access to external
financing are perishable. We solve for transitional dynamics of the model economy with
endogenously incomplete markets and compare the results with the solutions obtained from
the perfect risk-sharing and autarkic environments. In addition, we examine the implications
of alternative assumptions about the severity of the repudiation punishment for growth,
welfare and borrowing patterns. Our findings suggest that technological transfers may play
a role of an important enforcement mechanism. In our framework, existence of substantial
rich-to-poor capital flows is not inconsistent with the presence of default risk.
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Essay 2. “A Note on Computing Partial Derivatives of the Value Function by Simulation”

The problems involving incentive compatibility constraints in the form of dynamic partici-
pation constrains have received wide attention in the literature due to the recent advances in
dynamic optimization techniques. Often the optimality conditions for this class of problems
involve partial derivatives of the value function with respect to some of the endogenous state
variables. In this paper we suggest an algorithm for computing these partial derivatives by
simulation. The attractive features of the algorithm include its rather wide scope of applica-
bility and simplicity of implementation. Furthermore, the suggested method does not suffer
from the curse of dimensionality and therefore it is particularly convenient for the models
involving many state variables. (JEL C63)

Essay 3. “Institutions and Growth: Some Evidence from Estimation Methods Partially
Robust to Weak Instruments”

This paper focuses on the empirical approach proposed by Hall and Jones (1999) to estimate
the effect of what they call "social infrastructure" on productivity across countries. We at-
tempt to address the criticism of Acemoglu et al (2001) directed towards this methodology
for relying on the geographical instruments. To do so we consider the issue of weak identi-
fication in the linear instrumental variables model of Hall and Jones (1999). The evidence
obtained from the partially robust estimators like the k-class and jackknife estimators is
interpreted on the basis of the Monte Carlo studies. Our findings suggest that using some of
the k-class estimators allows exclusive reliance on the linguistic variables to instrument for
institutional quality despite their low correlation with the endogenous regressor in question.
(JEL C15, 040)
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Introduction

This thesis consists of three self-contained essays. Although united under one title they
differ in both the topics considered and approaches chosen. The first essay presents a dy-
namic model of capital flows to low- and middle income countries under endogenous market
incompleteness. The second essay is a methodological contribution. It offers an algorithm
which facilitates solving the models with dynamic participation constraints and many en-
dogenous state variables. The third essay is an attempt to bring together the recent advances
in the econometrics of weak instruments with the empirical methodology of the literature
on deep determinants of economic growth. Despite these apparent differences, there is still
a common theme relating the three essays. They attach special emphasis to a particular
institutional aspect of the economy - imperfect enforcement of contracts. In the lines which
follow we give an brief overview of the three essays included into this thesis.

Chapter 1, Technological Transfers, Limited Commitment and Growth, considers the
relation between international capital flows, cycles, and growth. Our point of departure is
a number of empirical regularities concerning levels and volatility of international capital
flows that have been often considered in the literature as paradoxes. We start with the
famous "Lucas paradox". Indeed, evidence suggests that there are substantial rich-to-poor
international capital flows although not nearly as abundant as differences in rates of return
would suggest. Another regularity we consider asserts that net capital inflows tend to be
procylcical: abundant in good times and scarce in bad times. Kaminsky, Reinhart, and Vegh
(2004) who report empirical evidence on this feature name the phenomenon "When it Rains,
it Pours". Finally, access to external financial markets has been reported to promote growth
and stability in some countries, but merely to augment instability in the others.

Conventional growth models have been facing certain difficulties in accounting for this
pattern. In this essay, we propose a dynamic model of capital flows to developing countries
which is qualitatively consistent with these empirical regularities. The model is based on
three main premises. Our first premise is that international lending contracts are imper-

fectly enforceable. Following the sovereign debt literature, we assume that the available



enforcement mechanisms are limited to a threat of permanent exclusion from the interna-
tional markets. Hence, instead of exogenously limiting the amount of capital the developing
countries may borrow, we incorporate a friction which allows a recipient country to borrow
to the extent it will be willing honor its debts. Our second premise is that access to interna-
tional financial markets is associated with increased efficiency of production in some sectors
of the developing economy. This increase in productivity originates from the transfers of
technologies from the industrialized world to the developing country which enjoys what Ger-
schenkron (1952) referred to as an “advantage of backwardness”. Our final premise is that
the recipient country will not be able to fully, if at all, enjoy the productivity benefits should
it be excluded from the international markets. To some extent, this feature of the model
can be motivated by an inherent property of technology - its partial excludability. Similar
assumptions have been used by Cohen and Sachs (1986) and Eaton and Gersovitz (1984)
who assume that foreign debt repudiation results in permanent loss of productive efficiency
associated with foreign technology.

We solve for transitional dynamics of the model economy with endogenously incomplete
markets and compare the results with the solutions obtained from the perfect enforcement
and autarkic environments. In addition, we examine the implications of alternative assump-
tions about the severity of the repudiation punishment for growth, welfare and borrowing
patterns. Our findings suggest that technological transfers may play a role of an impor-
tant enforcement mechanism. In our framework, existence of substantial rich-to-poor capital
flows is not inconsistent with the presence of default risk. This prediction of our model
distinguishes itself from those of the existing international risk-sharing models with imper-
fect enforcement of lending contracts such as those Marcet and Marimon (1992) and Kehoe
and Perri (2002). We overcome the difficulty that the models of sustained growth have in
explaining the rich structure of observed capital flows and the "wide spectrum of borrow-
ing patterns across low- and middle-income countries" (Marcet and Marimon 1992, p. 221).
Our framework predicts that under limited commitment the pattern of capital flows depends
heavily on the perishable productivity gains associated with the external financing opportu-
nities. In addition, our model outperforms existing theories of economic growth in its ability
to account for countercyclical behavior of net capital inflows to developing countries. Con-
trary to the implications of the models of perfect or exogenously restricted capital mobility

our framework predicts is that the capital inflows to the emerging economies are acyclical.



Chapter 2, A Note on Computing Partial Derivatives of the Value Function by Simu-
lation, contributes to the methodology for solving stochastic dynamic models with endoge-
nously incomplete markets. In particular, we consider a class of problems where incomplete-
ness of markets arises endogenously from the failure to perfectly enforce lending contracts.
As is common in the limited commitment literature, instead of exogenously limiting the
amount or type of assets the agents may trade, these models incorporate a friction which
allows the agents to borrows to the extent they will be willing to repay later on. In this
environment, the available enforcement mechanisms are limited to a threat of exclusion from
the future intertemporal and interstate trade. Hence, the models we consider involve incen-
tive compatibility constrains in the form of participation constrains. Often the optimality
conditions for this class of problems involve partial derivatives with respect to some of the
endogenous state variables of the optimal value function corresponding to the agent’s out-
side option. Although many numerical methods can provide an approximation for the value
function, in general, there is no reason to believe that a derivative of this approximation
will be close in any sense to the actual value of the derivative. In this chapter we suggest
a simple algorithm for computing these partial derivatives of the optimal value function by
simulation.

The attractive features of the algorithm include its rather wide scope of applicability and
simplicity of implementation. It can be used to study the questions of risk sharing under
imperfect enforcement of contracts, as well as partnerships with limited commitment when
several state variables appear in the model corresponding to the outside option. Such models
may include habit formation preferences, several types of capital, or reputational co-state
variables. The algorithm may still be applicable even though the default model fails to fit
into a standard recursive framework. Furthermore, the suggested method is computationally
inexpensive, it does not suffer from the curse of dimensionality and therefore it is particularly
convenient for the models involving many state variables.

Chapter 3, Institutions and Growth: Some Fvidence from Estimation Methods Partially
Robust to Weak Instruments, belongs to the strand of literature which attempts to shed some
light on the origins of the observed income disparities across countries. In recent years, the
search for explanations has gone beyond economic variables to investigate "deeper" determi-
nants of economic performance such as geography, integration and institutions. Designing

an empirical strategy to access the importance of these factors in explaining variation in



income levels is a formidable task. The challenge lies in disentangling the complex web of
causality involving these deep determinants and the income levels.

The pioneering contributions of Hall and Jones (1999) as well as Acemoglu, Johnson
and Robinson (2001) have focused on institutional quality as a potential determinant of
comparative development. Both studies proposed empirical strategies and introduced new
sets of instruments which allowed to demonstrate the causal effect of institutions in explaining
income differences. Both approaches essentially share a common weakness which is anything
but straightforward to overcome. To find a source of exogenous variation in institutions
which would not have direct effect on current output levels the scholars had to go to the
geographical and historical determinants of institutions. For instance, Hall and Jones (1999)
rely on the distance from the equator while Acemoglu, Johnson, and Robinson (2001) utilize
historical settler mortality to instrument for the institutional quality. Due to this it is
natural to expect that the instruments proposed would be only weakly correlated with the
endogenous variable of interest. The latter, however, often constitutes a source of severe
problems for both estimation and inference purposes.

In Chapter 3 we focus on the empirical methodology proposed by Hall and Jones (1999) to
estimate the effect of what they call ”social infrastructure” on productivity across countries.
We attempt to address the criticism of Acemoglu et al (2001) directed towards the Hall
and Jones (1999) methodology for relying on the instruments with less than convincing
theoretical justification. Hence, the central question we pose is whether the Hall and Jones
(1999) results are driven by the use of ”latitude” as well as Frankel and Romer (1999)
predicted trade intensity to instrument for institutional quality. However, in attempt to
accomplish this task we had to overcome the problem of weak identification.

The instruments proposed by Hall and Jones (1999) and in particular linguistic instru-
ments are found to be only weakly correlated with their proxy for institutional quality. The
questions we seek to address in the context their model are: Can one rely on two-stage least
squares (TSLS) for estimation and inference purposes in view of the potential problem of
weak identification? Can performance of TSLS improved upon by using the estimators par-
tially robust to weak instruments? If so, which of the partially robust estimators estimators
would be preferable?

To address these issues we conducted a Monte Carlo study and compared relative per-

formance several partially robust estimators. We conclude that the linguistic instruments



cannot be deemed as irrelevant. However, depending on the specification some of the ex-
amined estimators suffer from both bias and size distortions. To address the mentioned
criticism of Acemoglu et al (2001) we reestimate the linear instrumental variable model of
Hall and Jones (1999) across several specifications using methods partially robust to weak
instruments. Furthermore, we interpret the evidence from the estimation on the basis of the
Monte Carlo results. We conclude that using the partially robust estimators allows us to
utilize the linguistic variables to instrument for institutional quality despite their low correla-
tion with the endogenous regressor. Moreover, relying exclusively on the linguistic variables
as instruments produces the results qualitatively consistent with the original findings of Hall
and Jones (1999). In other words we tend to discard the argument that their results are

driven by reliance on the "geographical" instruments.
Y geog



References

AcemocGLu, D., S. JOHNSON, anD J. A. ROBINSON (2001): “The Colonial Origins of Com-

parative Development: An Empirical Investigation,” American Economic Review, 91(5),
1369-1401.

CoHEN, D., axp J. SAcHS (1986): “Growth and External Debt under Risk of Debt Repu-
diation,” Furopean Economic Review, 30, 529-560.

EATON, J., AND M. GERSOVITZ (1984): “A Theory of Expropriation and Deviations from
Perfect Capital Mobility,” Economic Journal, 94(373), 16-40.

FRANKEL, J. A., axpD D. ROMER (1999): “Does Trade Cause Growth?,” American Eco-
nomic Review, 89(3), 379-399.

GERSCHENKRON, A. (1952): “Economic backwardness in historical perspective,” in The
Progress of Underdeveloped Areas, ed. by B. F. Hoselitz. University of Chicago Press.,
Chicago.

Harr, R. E., axp C. I. JONES (1999): “Why Do Some Countries Produce So Much More
Output Per Worker Than Others?,” The Quarterly Journal of Economics, 114(1), 83-116.

KamINskY, G. L., C. M. REINHART, anD C. A. VEGH (2004): “When it Rains, it Pours:
Procyclical Capital Flows and Macroeconomic Policies,” NBER Working Papers 10780,
National Bureau of Economic Research, Inc.

Kenoe, P. J., axp F. PErRrI (2002): “International Business Cycles with Endogenous
Incomplete Markets,” Econometrica, 70(3), 907-928.

MARCET, A., AND R. MARIMON (1992): “Communication, Commitment, and Growth,”
Journal of Economic Theory, 58(2), 219-249.



CHAPTER 1

Technological Transfers, Limited Commitment and Growth

1.1. Introduction

Several features concerning levels and volatility of international capital flows have been
documented in the literature. First, international capital flows from the capital-rich to the
capital-poor countries are too scarce in view of enormous differences in rates of return.!
Second, there are substantial private capital flows to the developing countries.” Third,
access of the capital-poor countries to the international financial markets has been reported
to promote growth and stability in some cases but merely augment instability in the others.?
Fourth, the net capital inflows are procyclical in most developing countries.* Conventional
growth models have been reported to face certain difficulties in accounting for the observed
pattern of capital flows from the industrialized to the low- and middle income countries.

In this paper we propose a dynamic model of capital flows to low- and middle income
countries which is qualitatively consistent with these empirical regularities. Our benchmark
is a stochastic growth model with two productive sectors one of which may enjoy productiv-
ity benefits associated with the access to external financing. We focus on the institutional
aspects of the economy and consider environments which differ in the extent to which the
international borrowing contracts are enforceable. To do so, we solve for transition dynamics

of the model economy with endogenously incomplete markets and compare the results with

IThe evidence on what Lucas (1990) argued to be a puzzle, has been reported by Reinhart and Rogoff (2004)
and Lane (2004), among others.

2 For instance, according to UNCTAD (1994, 2001) Foreign Direct Investment (FDI) inflows to developing
countries increased from an annual average of $13.1 billion for 1981-1985 to $240.2 billion in 2000. Some
researchers, as e.g. Albuquerque (2003, p. 354), tend to conclude that "International private capital flows
represent a major sourse of financing economic activity in developing countries".

3The World Bank’s Global Development Finance (2001, p. 71) report concludes that "although opening up
domestic financial markets to international competition has attracted more capital to developing countries
and has bolstered growth in some, the larger volume of capital market transactions has also contributed to
a more volatile climate". An extensive review of the empirical evidence on the topic under a suggestive title:
"Volatile International Capital Flows: A Blessing or a Curse?" is provided by Kaminsky (2004).
4Kaminsky, Reinhart, and Vegh (2004) report empirical evidence on this phenomenon which they name
"When it Rains, it Pours".



the solutions obtained from the perfect risk-sharing and autarkic environments. In addi-
tion, we examine the role of alternative assumptions about the severity of the repudiation
punishment and their implications for growth, welfare and borrowing patterns.

A number of explanation have been offered in the literature on “Lucas paradox” of why
capital does not flow from rich to poor countries.” Yet, the evidence presented by Reinhart,
Rogoff, and Savastano (2003) and Reinhart and Rogoff (2004, p. 53) tends to suggest that

"some explanations may be more relevant than others". They argue that

"...the key explanation to the "paradox" of why so little capital flows to poor
countries may be quite simple: Countries that do not repay their debts have

a relatively difficult time borrowing from the rest of the world” (Reinhart and
Rogoff 2004, p. 56).

This is the avenue we will follow in this paper. Hence, our point of departure is that
international lending contracts are imperfectly enforceable. In the absence of supranational
authority, the available enforcement mechanisms are limited to a threat of exclusion from
the international markets. Hence, instead of exogenously limiting the amount of capital
the developing countries may borrow, we incorporate a friction which allows to a recipient
country to borrow to the extent it will be willing to repay later on. Another rationale for
relying on this assumption is that countercyclical capital inflows would be predicted both
by theories of exogenously constrained access to the world credit markets and by theories of
perfect capital mobility (Lane, 2004).

As argued by Albuquerque (2003) an open question which deserves attention in the con-
text of the models with imperfect enforcement is the one concerning the levels of international
capital flows. The reasons is that the models of international lending under limited com-
mitment which allow for capital accumulation in the autarky such as those of Marcet and
Marimon (1992) and Kehoe and Perri (2002) have very dramatic quantitative implications
for international capital mobility. In words of Albuquerque (2003, p. 380) "these models
provide an answer to Lucas’ (1990) question, but an extreme one". They show that enforce-
ment constrains result in negligible international capital flows both along the transition path

and at the steady state distribution. The latter result is less than satisfying in view of the

For instance, Barro, Mankiw, and Sala-i-Martin (1995) discussing international capital mobility in a neo-
classical growth model exogenously limit the types of capital which can by financed by borrowing on the
world market.



recent evidence on capital flows to developing countries. This is the issue we are going to
address in this paper.

One of the reason for this failure is that the defaulter’s punishment is not severe enough.
This might stem from the failure of the existing theories of capital mobility under limited
enforcement to model certain margins. The margin we argue to be important is presence of
technological transfers a developing country will enjoy as a consequence of an access to the
international markets. By the very nature of technology, that is its partial excludability, the
recipient country will not be able to enjoy all the benefits associated with foreign technology
should it switch to autarky. This feature makes the defaulter’s punishment more severe, as
compared to whose used by Marcet and Marimon (1992) or Kehoe and Perri (2002). In the
context of our model, this default punishment will introduce a wedge between steady state
distributions corresponding to the environment with imperfect enforcement of international
lending contracts and the autarky. Whether this will generate non-negligible capital inflows
to an economy during its transition from a low level of capital towards its ergodic distribution
is the question which we will consider in this paper.

Hence, the second premise of our framework is that access to international financial
markets is associated with increased efficiency of production in some sectors of the developing
economy. This increase in productivity originates from the transmission of technologies
from the industrialized world to the developing country which enjoys what Gerschenkron
(1952) referred to as an “advantage of backwardness”. A substantial amount of research
has documented empirically the role of international capital flows for technological diffusion.
Some studies emphasize the positive effect on productivity of openness and free capital
movement per se. For example, Frankel and Romer (1999) argue that the benefits from
integration for a developing country partially stem from the transfer of ideas from the rest
of the world. In line with that the World Bank (2001, p. 59) Global Development Finance
annual report states that there is ample evidence indicating towards the productivity benefits
of the capital flows "through transfer of technology and management techniques". In a
recent study, Alcald and Ciccone (2004) provide empirical evidence indicating that openness
promotes growth through its effect on TFP.

Other studies stress the importance of FDI as a mechanism of technological transfers to
the developing countries from the rest of the world. For instance, according to World Bank

(2001) FDI has been positively associated with the productivity of the foreign owned firms
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and with positive spillover to domestically owned firms.> Romer (1993) suggests that FDI has
considerable potential to transfer ideas from the industrialized countries to the developing
countries. FDI as a potential mechanism of technological transfers has been particularly
emphasized due to its increasing role in the stream of international capital flows to low-
and middle income countries. As documented by Thomas and Worrall (1994) already in the
mid-eighties about a half of all capital flows to the developing countries took form of FDI.
The fraction of FDI in the international capital flows kept increasing during the last two
decades. Moreover, according to IMF (2003) it now constitutes the most important net flow
for all regions.

Our final premise is that the recipient country will not be able to fully, if at all, enjoy the
productivity benefits should it be excluded from the international markets. To some extent,
this feature of the model can be motivated by an inherent property of technology - its partial
excludability. Similar assumptions have been used by Cohen and Sachs (1986) and Eaton
and Gersovitz (1984) who assume that foreign debt repudiation results in permanent loss of
productive efficiency associated with foreign technology.

We consider a model with two agents, one risk-averse agent representing a developing
country and the other risk neutral agent representing the rest of the world. We focus on
the growth of the developing country which is assumed to have low initial level of capital.
In this context, growth is understood as a transition from the initial low level of capital
towards the steady state distribution. We analyze the model within three environments
which differ in the extent to which the international lending contracts are being enforced.
These are: (i) autarky; (ii) external financing with perfect enforcement of contracts; and
(iii) external financing with limited enforcement of contracts. Under the latter regime, a
developing country may at any moment appropriate the accumulated capital and refuse to
honor its debt. In this case it will suffer a default punishment which will involve loss of any
external financing opportunities in the future.

We assume that there are two productive sectors in the economy, which we refer to as
domestic and foreign operated sector. Each of the sectors has Cobb-Douglas technology.
The risk averse agent decides how much to invest in each of the sectors. The technology

which converts investment into capital goods is non-linear and affected by the productivity

6Gorg and Strobl (2001) provide a comprehensive review of the empirical literature on FDI and productivity
spillovers. They also give account of other channels through which productivity spillovers occur such as
movement of highly skilled personnel, the ’"demonstration effect’ or the ’competition effect’.
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shocks. The foreign sector is assumed to be more productive due to technological transfers
associated with external financing’. Failure to honor the external debt results in permanent
loss of productivity benefits associated with foreign technology.

We consider two modifications of the model which differ in the default punishment a
developing country will endure should it refuse to honor its contractual obligations. First,
we analyze a model where in case of debt repudiation the country loses not only productivity
benefits in the foreign operated sector but also accumulated capital in this sector. Further-
more, the country is deprived of the possibility to develop this sector on its own. Similar
assumption has been used by Marcet and Marimon (1998), where they consider a partnership
with limited commitment, and Albuquerque (2003), who studies composition of international
capital flows. Under this assumption, the autarkic environment, which is hereafter referred
to as one-sector autarky, is similar to the stochastic growth model of Brock and Mirman
(1972) augmented with non-linear stochastic investment technology. Our key finding from
this model is that perishable technological gains from external financing opportunities may
eliminate the default risk even though they affect only some sectors of the economy.

The discussed above assumption of the punishment is case of deviation from the optimal
plan may be judged as extremely severe. Indeed, the defaulting country loses not only
all the productivity benefits and capital accumulated in the foreign operated sector but
also a possibility to develop this sector on its own. Although, the latter cannot be ruled
out as completely unrealistic®, this feature is not especially attractive in our setting since
our model economy consists of merely two productive sectors. Therefore, we consider a
framework where in case of debt repudiation the developing country loses the technological
advantage associated with access to external financing. However, the capital stock in all
sectors of the economy remains productive with the TFP level of the domestically operated
sector. Relying on this assumption we consider three representative cases which differ in the
extent of the technological diffusion.

We overcome the difficulty that the models of sustained growth have in explaining the
rich structure of observed capital flows and borrowing patterns across low- and middle-

income countries. Our framework suggests that under limited enforcement the pattern of

"This assumption relies on the empirical evidence reviewed by Gorg and Strobl (2001) who document that
in the literature it is often argued that the positive spillovers only affect certain sectors of the economy.
8For instance, former soviet republics, after defaulting on the risk-sharing agreement with Russia known
as USSR, might face serious difficulties should they intent to develop uranium enrichment and associated
sectors.
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capital movements depends heavily on the perishable productivity benefits associated with
the external financing opportunities.

From a theoretical perspective, our findings allow to conclude that the existence of sub-
stantial capital flows from the developed to developing countries is not inconsistent with
the presence of the default risk. We also conclude that technological transfers may play a
role of an enforcement mechanism. In our framework even moderate technological benefits
associated with external financing opportunities may substantially reduce the negative ef-
fect on the welfare of the failure to perfectly enforce contracts. Presence of technological
diffusion in the environment with limited commitment induces a developing country to use
foreign capital to both smooth consumption and invest more heavily in all the sectors of
the economy including those directly unaffected by the technological transfers. The latter
results in faster growth and significant welfare gains.

Our framework presents a case for capital controls. Contrary to Albuquerque (2003), the
normative implications of our model do not advocate discouraging debt flows or encouraging
FDI flows to the developing countries. Our claim is that lenders should encourage those
capital inflows which are associated with perishable TFP benefits. These might include FDI
in the sectors which depend on foreign blueprints or intangible assets, such as managerial
skills.

Since we study models with dynamic participation constraints, which involve expected
values of the future control variables, we are unable to use the results of standard dynamic
programming. Our methodology relies on the contribution of Marcet and Marimon (1998)
who have demonstrated that problems with incentive compatibility constraints fall into a
general class of problems, which can be cast into an alternative recursive framework. Our
numerical analysis utilizes the parameterized expectation approach (PEA) originally pro-
posed by Marcet (1989). A particular version of simulation PEA which we use allows us to
handle occasionally binding inequality constraints involving conditional expectations of the
future choice variables.

Although PEA algorithm approximates the true equilibrium at the steady state distri-
bution with arbitrary accuracy, the policy function obtained from the long-run simulations
may not be a good approximation for the solution during the initial periods. This is of
particular importance for our analysis since we consider an economy during the transition

towards the steady state distribution. To overcome this problem we use a version of PEA
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featuring exogenous oversampling in order to find a distinct policy function for the initial
periods.

Another non-standard feature of the problem we are solving is that the optimality condi-
tion in the limited enforcement environment involve partial derivatives of the value function
associated with recursive formulation of the dynamic problem the agent faces in case of
debt repudiation. In order to handle this issue, we utilize an algorithm proposed in Dmitriev
(2006) to numerically compute partial derivatives of the value function with respect to several
endogenous state variables.

The rest of the paper is organized as follows. Section 1.2 presents the baseline models
corresponding to the three environments: one-sector autarky, external financing with full
and limited enforcement. These models rely on the most stringent assumption about the
defaulter’s punishment. Section 1.3 describes the numerical algorithms for solving the models
and analyzes the solutions for them. Section 1.4 introduces the main model with two-
sector autarky which relies on a more moderate assumption concerning the debt repudiation
punishment. Section 1.5 analyzes the numerical solutions corresponding to the models with
two-sector autarky which differ in the magnitude of perishable productivity gains. Section

1.6 concludes.

1.2. The Baseline Model

The environments considered in the paper essentially share some features. There are two
agents: agent 1 who is risk averse and can be interpreted as a developing country and agent
2 who is risk neutral and represents the industrialized countries. As in Marcet and Marimon
(1992) the technologies that convert investment into capital are non-linear and are affected

by a productivity shock.

1.2.1. Efficient growth mechanism under full commitment

It is assumed that there are two sectors in the economy which will be called domestic and
foreign operated sector. In the case of external financing due to technological transfers the

foreign operated sector will enjoy higher productivity as compared with the domestic sector.”

9The technological transfers partially originate from the fact that a part of capital inflows into a country
will take form of FDI. It is often argued in the literature that the positive spillovers from FDI only affect
certain firms in the domestic economy Gorg and Strobl (2001).
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The set of firms which are affected by the technological transfers from the rest of the world
will be referred to as foreign operated sector.

In this environment, the efficient growth mechanism, I', represents a state-contingent
investment and transfer plans I' = {4y, i9;, 7, } which is obtained as a solution to a dynamic
principal-agent problem for a given set of initial conditions and weights. The latter are
comprised of the initial capital stocks kg, koo, the initial productivity shock 6y, and the

weight A € R, assigned to the risk-averse agent in the planner’s problem given by

Program 1.

max Ey Z B Mu(cre) + (—7¢)]

{e1t,Te, 018,02t Yoo g

=0
subject to
(1.1) cit — T+ i1 +ior = f(kue) + F(ka),
(1.2) kv = (1 — 0)k1 + g(i1g, O141),
(1.3) kotr1 = (1 — 0)kat + g(ior, Or11),

with Cit Z 07 ilta 7;215 Z 07 klO; k207 QO given.

In this specification u(-) represents the instantaneous utility of the risk-averse agent. We
denote as f(-) and F'(-) the production functions corresponding to the domestic and foreign
operated sectors of the economy. The function that transforms units of investment into units
of capital is denoted as g(-). The consumption of the risk-averse agent is given by ¢y, the
transfers from the risk-neutral agent to the risk averse one are denoted by 7;. Investment in
to the two sectors are given by i1; and 79, and the corresponding capital stocks by kq; and
kos. The variable 6,1 represents an exogenous stochastic shock, the realization of which is
unknown at the time the investment decisions are made.

The following assumptions, relatively standard in the stochastic growth literature, will
hold throughout the rest of the paper'®: (i) the utility function u(-) of the agent 1 is strictly
concave, twice differentiable and satisfies the Inada conditions: lim. .o «/(¢) = 400, lim._,
u'(c) = 0; (ii) the sectorial production functions f(-) and F(-) are concave and differen-
tiable; (iii) the exogenous stochastic process 0, is stationary and has bounded support; (iv)

depreciation rate ¢ € [0,1]; (v) g(-,8) is differentiable and concave.

10Gimilar assumptions appear in Marcet and Marimon (1992), and Jones and Manuelli (1990), among others.
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A note on the interpretation of this model should be made. As in the model of Acemoglu
and Zilibotti (1997) the development takes the form of the capital accumulation in the
existing sector considered as domestic as well as opening and subsequent accumulation in a
new sector in the economy considered as foreign operated. The extent of the development in
the domestically operated sector is summarized by the capital stock ky;. Likewise the extent
of the development in the foreign operated sector is summarized by the capital stock ko, an
initial value of which is lower than that of the domestic sector.

In addition to the equations (1.1), (1.2) and (1.3) the solution to the Program 1 must

satisfy the following first order conditions'!

[ g(i1¢,0 >

(1.4) 1= BE, g@lt 1) > (B (/ﬁtﬂﬂ)] ,
L 7=0
[ g(ig, 0 >

(1.5) 1= pE; gz 1) > (B ) F (k2t+1+J>] ;
I 2 o

(1.6) u'(cry) = A7

The model discussed above is based on the assumption that the planner can perfectly
enforce both parties to follow the plan. In the remaining of the paper, this assumption will
be relaxed and a number of assumptions regarding incentive compatibility will be considered.
These assumptions will essentially differ in the extent of the punishment the risk-averse agent

would have to endure should he deviate from the plan.

1.2.2. Efficient growth mechanisms under limited commitment

We begin with the most stringent assumption on the punishment in case of violation of the
contract. We will assume that in case of default the developing country will appropriate
the capital stock corresponding to the domestically operated sectors k1;. The newly opened
foreign sector will no longer be productive. This assumption can be justified on the grounds
that the newly opened sector can be totally dependent on the technology and managerial

skills transferred from the industrialized world.'?

11gee Appendix 1.7 for the derivation of the first order conditions.
12A similar assumption has been considered by Marcet and Marimon (1998) and Albuquerque (2003).



16

Hence, the failure to honor the contract will result in closing down the sector which
cannot be operated using domestically available technologies. In case of debt repudiation,
the country will switch to autarky and will remain excluded from the international markets
forever. The problem the country would face in autarky takes the following form:

Z Btu(ct)]

max Fjy
{etsit}izo

subject to
e+ i = f(ke),

ki = (1 — 0)ke + g(ig, 0411),

where ¢; > 0,7;, > 0, and the initial values kg, 0y are given by the corresponding values of
capital stock of the domestically operated sector and the shock value at the time of deviation.
Using the arguments of standard dynamic programming one can show'?® the existence of the
time invariant policy functions i(k,6), c(k,0) and a value function V*(k,6). Hence, the
reservation value for the risk-averse agent at time ¢ is the utility of the autarkic solution
V%(ky4, 0;) given the capital stock k1, and the productivity shock ;. The optimal allocations
can be found by solving the following planner’s problem with A € R, and the participation

constraint imposed on agent 1:

Program 2.

max Ey Z B uler) + (—74)]

ETR S RATR LTS bady

t=0
subject to
(1.7) e — T+ t1g + o = f(ku) + F(ka),
(1.8) k141 = (1 — 0)k1e + g(ine, Or41),
(1.9) korv1 = (1 — 0)koy + g(iag, 0411),
(1.10) E; Z Blu(crer) | = VO (kw, 0r),
i=0

with Cit Z 07 Z.lta i?t 2 07 klOa k207 90 given'

13Gee Appendix 1.7 for the solution to the dynamic programming problem under the autarky.



17

Since the constraint (1.10) involves expected values of the future variables, Program 2 is
not a special case of the standard dynamic programming problems, and the Bellman equation
will not be satisfied. However, as shown by Marcet and Marimon (1998) this problem falls
into a general class of problems, which can be cast into alternative recursive framework.

The recursive saddle point problem associated with Program 2 will be given by

(1.11) max min H = EOZBt{(A—FMt,l) u(ey) + (—74)

{ere,meineian} 2o {me 120
+y (ucre) — VO (ki 00))}
subject to (1.7)-(1.9) and
(1.12) M, = My_y + p,, M_; =0,
e = 0.

Indeed, the corresponding Lagrangian is

L=E) {Au«:n) (=) + 1 (E
t=0

ZﬁiU(Clt) — Va(k'lt, 90) }

subject to (1.7)-(1.9), given g, > 0, where 3~ 'y, is the Lagrange multiplier of (1.10) at ¢.

The law of iterated expectations allows to imbed the conditional expectations E; into FEj.
Furthermore, reordering the terms and introducing the law of motion for M; yields the above
result.

As shown by Marcet and Marimon (1998), under certain assumptions'* the solution to
the recursive saddle point problem obeys a saddle point functional equation. Within our

framework their result implies that there exists a unique value function,

W(ky, ko, M,0) = min max {(A+ M)u(er)+ (—7) + p(u(er) — V(ky,0))

>0 {c1,7,i1,2}

+BE W (ky, ko, M',0') | 6]}

subject to
(1.13) c1 — 7 +iy +iy = f(ki) + F(ks),
(1.14) k= (1—0)k; +g(i;,0'), for j =1,2

“Marcet and Marimon (1998) state some interiority conditions needed for the existence of the saddle point
problem. These are trivially satisfied in the famework considered here.
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(1.15) M' =M + p,

(116) Cl,il,ig > O,

for all (kq, ko, M, 0) and such that W (kyo, koo, M_1, 6p) is the value of Program 2. The policy
correspondence associated with the above saddle point functional equation is given by
Uk ke ML6) € argmin max {3+ M) u(er) + (=7) + p uler) = V7 (k. )
pH=ZY 1€1,7,21,22

+BE W (K, ky, M',0) | 6]}

subject to (1.13) - (1.16).

The key results demonstrated by Marcet and Marimon (1998) ensures that the optimal
solution of Program 2 satisfies (ci4, 74, i1¢, tos, i) = ¥ (K1g, kat, My—1,0;) for all ¢ with the
initial conditions (k1g, k29, 0,00) . That is there exist a time invariant policy correspondence
) such that only the values of a small number of past variables (ki4, kos, M;_1, 6;) matter.
Hence, the problem is now in a recursive framework the solution to which can now be
obtained from studying the saddle point functional equation.

Denoting ~,, and ,, the Lagrange multipliers of the constraints (1.8) and (1.9), the first

order conditions for this problem become:

(117) (>\+Mt) U,<C1t> = 1,
(1.18) —1—BE, %HM =0, forj=1,2
J 8’ljt
) Ve
(1.19) fi(ke) — ﬂt%(kltv 01) + 71, — B(1 — 8)Ey [Y1141] =0,

(1.20) F,(k%) + Yo — B(1 =) E; [’72t+1} =0,

(1.21) Ey — VK1, 0;) > 0,

Z Bu(crrys)
=0

(1.22) e | B | Y Brulerss)
=0

- Va(klta 91&)] = 07
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in addition to the technological constraints (1.7)-(1.9), the law of motion (1.12) for the

co-state variable M;, and non-negativity of the Lagrange multiplier p, > 0.

1.3. Solutions to the Growth Models

In this section we will present the numerical solutions for various models of this paper as
well as describe the algorithms for obtaining them. To obtain the numerical solution to the
models we will rely on the parameterized expectation approach. With some exceptions, the

functional forms utilized here are similar to those of Marcet and Marimon (1992). These are

flki) = AR, and F(ky) = Ak,

) 1
9(% 9t+1) = a(9t+1 + S)(thzt) + b,

u(en) = ¢ /(v + 1),
10g Qt = plog et_l + Et,

where {e;} are independent normally distributed random variables with zero mean and

variance o2.

1.3.1. Solving the problem with full enforcement

With the chosen functional forms the optimality conditions for the case of full enforcement

are the following;:

(1.23) (1+i10)* = BE; [a(fp1 +5) > _(B(1 = 6)) Aa(kperes)* |
L Jj=0 i

(1.24) (1+ i2t)2 = BE; |a(0i1 + 5) 2(5(1 - 5))jga(k2t+1+j)a_l 5
L Jj=0 i

(1.25) = A"

(1.26) Crp — To + iy + i = AKS, + AkS,,

(1.27) Fivir = (1 — 0)ksy + a1 + 8) —2t— 1+ b, fori = 1,2.

(14 d5)
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The first step of the PEA is to substitute the conditional expectations in (1.23) and (1.24)
by the flexible functional forms that depend on the state variables and some coefficients'.

Each of the parameterized expectations i = 1,2 takes the form:
P(W's k1 (W), ko (w), 0;) = exp(w’ + wh log k(W) + wh log ko (w) + w' log 0;),

where w = (w';w?). The use of the exponential polynomial guarantees that the left hand
side of (1.23) and (1.24) would be positive. Increasing the degree of the polynomial would
allow to approximate the solution with arbitrary accuracy!.

The algorithm for solving the model takes the following steps:

(I) Fix the initial conditions and draw a series of {#,},_, that obeys the law of motion
for the exogenous state variable. The number of periods 7" in the truncated series
should be sufficiently large.

(IT) For a given w substitute the conditional expectations in (1.23) and (1.24) to yield:

(1.28) (14 i4)* = 09 (w'; ke (w), kae(w), 6;) for i = 1,2

(III) Using the realizations of ; obtain recursively from (1.28) and (1.25)-(1.27) a se-
ries of the endogenous variables {ci;(w), 7¢(w), i14(w), it (w), k1(w), kor(w)} for this
particular w.

(IV) The next step involves running two separate non-linear regressions. The role of
the dependent variables will be performed by the expressions inside the conditional
expectation in the RHS of (1.23) and (1.24). Namely, the ’dependent variables’
Y1:(w) and Ya;(w) would take form

(B - 5))jAa(/f1t+1+j(W))a_l,

NE

Yie(w) = a(f1 +5)

<
Il
o

(B(1 - 5))jga(k2t+1+j(w))a_l.

M]3

Yu(w) = a(fp1+5)

<
I
o

5see Marcet and Lorenzoni (1998) for further details on the implementation of PEA.

16The fact that PEA can provide arbirtary accuracy if the approximation function is refined and a proof of
convergence to the correct solution are given in Marcet and Marshall (1994). In practice the choice of degree
of the exponential polynomial can be guided by the test for accuracy in simulations proposed by den Haan
and Marcet (1994). Some practical issues on dealing with higher-order polynomials in the approximation
function are discussed in den Haan and Marcet (1990).



21

Now, letting S*(w) be the result of the following regression:

Yie(w) = exp(&] + &) log kip(w) + &4 log kot (w) + &) log 6;) + 1,

for i = 1,2, define S(w) = (S (w), S*(w)).
(V) The final step involves using an iterative algorithm to find the fixed point of S, and

the set of coefficients w; = S (wy) which would give the solution for the endogenous

variables {ci(wy), Te(wy), t1e(wy), dor(wyr), kre(wy), kar(wy) } -

1.3.2. Solving the problem with limited commitment

This section shows how to solve the model with limited enforcement using PEA adapted from
Marcet and Marimon (1992). The main difference from the algorithm discussed above is that
here the participation constraint might be binding in some periods and slack in the others.
Furthermore, there is one more expectation to parameterize and an additional (co-)state
variable M;_; to include into the parameterization.

The following optimality conditions are to be satisfied:

(1.29) My [U(Cu,) + Ej Zﬂiu(clt+i) — VO (ku, et)] =0,
i=1
(1.30) Ey Zﬁiu<clt+i) — VK, 0;) > 0,
=0
(1.31) oy =1/ (A + py + M),
(1.32) My = M1 + 1,

a(Oi1 + 5) Z(ﬁ(l —9))

j=0

(1.33) (1+iy)’ = BE

OV (k1ypist, Oy
‘ (Aa(kltﬂﬂ‘)a_l = it (F1esj t+J+1))] ’

k144511

(1.34) (1+iy)* = BE,

a(0is1 + 5) 2(5(1 - 5))jga(k2t+1+j)a_1] ;

=0
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(135) — Tt + th + /Lgt = Aklt + Ath,

(136) kjtJrl = (1 — 5)l€jt + a(0t+1 + S)’ijt/(l + ijt) + b, for j = 1, 2,

in addition to the inequality constraint p, > 0 and the initial conditions'’.

In order to solve this model with PEA the algorithm described for the case of full enforce-
ment should be modified in the following way. First, in step II parameterize the conditional

expectations in (1.29), (1.33) and (1.34) to yield
(1.37) (14 i4(w))* = 00 (W' ky(w), kae (W), My_1(w), ;) fori=1,2,

Hy [U(Clt(w)) + BZD(WS; Fie(w), ko (w), My—1(w), 0;) — V*(ku(w), Ht)} =0,

where w = (w!, w?, w?).

In step III the participation constraint should be taken into account. One way to pro-
ceed is to initially assume that the participation constraint is not binding, then pu,(w) = 0,
M, (w) = M;_1(w), and the solution for ¢y;(w) follows from (1.31). For this solution one has

to check whether the constraint is indeed satisfied, that is if

u(cy(w)) + B(w?; ki (w), kar(w), My_1(w), 0;) > V@ (ky(w), 0,).

If that is the case one can proceed by solving for the rest of the endogenous variables from
(1.37) and the feasibility constraints (1.35) - (1.36). Otherwise, the participation constraint
must be binding, that is

u(cr(w)) + Brp(w?; ki (W), kar(w), My_1(w), 0;) = V* (k1 (w), 0y),

"From (1.19) and (1.20) using recursive substitution and the law of iterated expectations yields the following
expressions for the lagrange multipliers v;, and vq;

= ove

A NCNE) S CEpI (P IR f(kuﬂ-))],
=0

Yor = —PE; |a(Biy1+s) Z ) F'( thJrJ)]'
Jj=

Substituting the the above expressions into (1.18), and using again the law of iterated expectations and the
functional forms for the production and investment functions yields the optimality conditions (1.33) and
(1.34).
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from which the solution for cj;(w) follows. The value of the multiplier p,(w) then follows
from (1.31), the value of M;(w) from the law of motion (1.32), and the rest of the endogenous
variables from (1.37) and (1.35) - (1.36).

Now, step IV will involve running three non-linear regressions for ¢ = 1,2, 3 of the form

Yie(w) = exp(&] + &4 log ki (w) + €4 log kar(w) + &4 log 0y + ELMy—1(w)) + 1y,

where the ’dependent variables’ are given by

Vilw) = albur +9) 2(&(1 ~3)) [Aatias @)
utﬂ»ﬂ(w)gv%“g,;;ff; Pz |

Yalw) = a(fi+s) i ) Aok ()"

Vilw) = éﬁiu@mxw))

The last step is similar to the one in the the case of full enforcement.

A few notes on the algorithm should be made. First, in this algorithm g, will be pos-
itive by construction. Second, step IV involves calculation of the derivative of the value
function in the autarky with the respect to its first argument. Marcet and Marimon (1992)
provide derivation of this derivative which is convenient for computational purposes. The

computation algorithm is given in Appendix 1.7.

1.3.3. Numerical solutions to the models

In this section we present the simulated series for the models discussed above. First, a short
note should be made on the parameterization of the model. The values of the parameters
used in the simulations except for the productivity parameters A and A are similar to those of
Marcet and Marimon (1992). This concerns all the models considered throughout the paper.
The choice of values for the depreciation rate of the capital (0) and the discount factor (/)
allows to interpret one period as a year. The values of the parameters are summarized in
Table 1.1.

[insert Table 1.1 about here.]
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A note on the weight A in the planner’s problem should be made. In all the reported
simulations the value of ) is set to make expected discounted transfers at ¢ = 0 equal to

zero. This would ensure that the series reported corresponds to the equilibrium contract.
[insert Figure 1.1 about here.]

The simulation results for the environment with full enforcement are presented in Figure
1.1. These results will be compared with those obtained in the autarkic environment (see
Figure 1.2 and 1.2). The initial value of capital stock in the domestic sector is set to one,

while the foreign operated sector is initially assumed to be nonexistent.'®

[insert Figure 1.2 and 1.2 about here.|

The results can be summarized in the following way. First, as expected, the consumption
of the risk-averse agent in the PO environment is constant both in the steady state and along
the transition. All the risk is born by the risk neutral agent, which is also reflected in the
volatility of the transfers in the steady state.

Second, under full enforcement the developing country borrows heavily during the initial
periods in order to boost investment in both sectors of the economy. Due to the access to
external financing, the mean growth rate of output raises from 2.4% to 8.4% during the first
15 periods, and from 1.4% to 3.8% during the first 35 periods.

Third, during the initial periods the investment rates under PO environment are signifi-
cantly higher that those in the autarky. Under full enforcement, as the capital accumulates
in both sectors the investment rates decline. The opposite is observed in the autarkic envi-
ronment. Higher investment level in the foreign sector than that of the domestic is due to
the lower initial capital stock in the former. Remarkably, in the steady state the investment
rates under PO environment are more volatile than those in the autarky.

Finally, under full enforcement access to external financial opportunities results in a
welfare gain equivalent to a 92% "increase in consumption". By "increase in consumption"
we refer to a permanent increase in consumption that would equate the present value under
the autarky with the present values achieved under other environments

Remarkably, all of the results reported for the PO environment are also applicable to

the model with limited commitment corresponding to Program 2. The implication of this

18This assumption is made to make Autarky directly comparable with other environments. In addition, as
in Marcet and Marimon (1992) we assume that the initial capital stock in the Autarkic environment equals
to one.
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finding is that technological gains from external financing opportunities may eliminate the
default risk.

A comment should be made on this finding according to which the solutions to the case
of full enforcement and limited enforcement coincide. The fact that participation constraint
turns out to be never binding can driven by the assumption of the punishment in case of
deviation from the optimal plan, which is extremely severe. Should the country default it
will lose not only the technological advantage and capital accumulated in the newly opened
sector but also a possibility to develop this sector on its own. In the remaining of the paper
we will address the issue of default punishment which might give some qualitatively different

results.

1.4. The Main Model: Two-sector Autarky and Limited Enforcement

In this section, we will modify the assumption concerning the punishment incurred by the
developing country in case of deviation from the optimal plan. It will be assumed that failure
to follow the plan would result in the loss of the technological advantage in the newly opened
sector!”. However, the newly open sector will remain productive with the productivity level
of the domestically operated sector. Furthermore, the country will preserve the accumulated

capital in both sectors. In this formulation, the autarky would be given by

Program 3.

max F bu(e

{ct,i1t2¢}eo g 0 tz[;ﬁ ( t>]

subject to

(1.38) e + i + o = f(kie) + f(kae),
(1.39) kjty1 = (1 = 0)kjr + g(ije, 0ry1), for j=1,2

with Cit Z 07 ilta Z'Zt Z 07 klOJ k207 00 given.

The arguments from the standard dynamic programming will ensure the existence of
the time invariant policy functions iy (ky, ks, 0), i2(k1, k2, 0), c(k1, ko, 0) and a value function
V2 (ky, ks, 0). Hence, the reservation value for the agent 1 at time ¢ is the utility of the

autarkic solution V“2(k:1t,l<;2t,9t) given the capital stock accumulated in the domestically

19This assumption is close in spirit to those of Cohen and Sachs (1986) or Eaton and Gersovitz (1984) where
foreign debt repudiation results in permanent loss of productive efficiency.
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operated sector ki;, the capital stock of the newly opened sector ky; and the productivity
shock 6,.2

Under these less stringent assumptions on the default punishment, the optimal allocations
can be found by solving the following planner’s problem with A € R, and the participation

constraint imposed on agent 1.

Program 4.

a E P + (=
{cum,ml,%u}l)c{mkzt};’io 0 ;5 [Aulerr) + (—=7¢)]
subject to
(1.40) crt — Ti + iy +dar = f(kie) + F(ka),
(1.41) Kjtr1 = (1 = 0)kje + g(ije, 0e1), for j=1,2
(1.42) E; Zﬁiu<clt+i) > VP(kay, ko, 0y),
i=0

with ¢y > 0,414, 19; > 0, k1o, koo, 0o given.

Once again, in the above framework, the steady state distributions of capital will differ
under full and limited enforcement due to the technology transfers. This feature would
distinguish the present setup from the framework of Marcet and Marimon (1992) as far as
the growth incentives for integration are concerned.

Similar to Program 2, the present problem can be cast into recursive framework the solu-
tion to which will be obtained from studying the saddle point functional equation. Denoting
~1: and 7,5, the Lagrange multipliers of the constraints (1.41), the first order conditions for
this problem become:

(AN + M) u'(eyy) = 1,
99 (i1, 0111)

e 5Et ijtJrl azjt - 07 for j = 17 27
, oV a2
[ (k1) — Mt%(klta kat, 0¢) + 71 — B(L = 0)Ey [y1441] = 0,
y OAVA
F (k?2t> - MtaT%(klta Fat, et) + Yor — 5(1 - 5)Et [’72t+1} =0,

208ee Appendix 1.7 for the optimality conditions corresponting to Program 3.
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Ey Zﬁiu(clt—&-i) - Va2(k1t,k2t;9t) >0,
i=0

E; Zﬁiu(clt-‘,—i) _VQQ(kltathaet)] =0,
i=0
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in addition to the technological constraints (1.40)-(1.42), the law of motion for the co-state

variable M;,

My =M, 1 +py, M=

and non-negativity of the Lagrange multiplier p, > 0.

Substituting the chosen functional forms and simplifying the first order conditions in a

manner similar to the one described in footnote 6 yields the following optimality conditions:

Ly [u(clt) + F,

(14 iy)°

(1 + 1i2)?

Z Bulcrrss)
i=1

- VaQ(k1t7 k2ta Qt)] = 05

Ey Zﬁiu(clt—&—i) - Va2(k31t7 Fat, Ht) >0,
i=0
ey =1/ (A +p + M),
My = M1 + py,
= BE |a(B+s) Y F(1—06) <A04(k1t+1+j)al
§=0
OV (kregjst, korrjrr, Orritn)
“Hitj+1 EY )
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= BE, awHy+@§:BK1—§V<ﬁd%%HHW]
§=0
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Cip — Ty + i1y + iap = AKS + AKS,,

kjtJrl = (1 — (5)]{7]'15 + a(9t+1 + S)ijt/(l + ijt> + b, for ] = 1, 2

in addition to non-negativity of the Lagrange multiplier x4, > 0 and the initial conditions.
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1.5. Characterization of Equilibria

We solve the model in Program 4 with the PEA using an algorithm similar to the one
described for the model in Program 2. As before, in all simulations the TFP parameter of
the domestic sector (A) was set to one. When it comes to the TFP parameter of the foreign
operated sector (g), we consider three representative cases which differ in the magnitude of
the technological transfers.

The simulation results are summarized in Figures 1.3-1.6 and Tables 1.3-1.5. We com-
pare three institutional environments: the autarky equilibrium corresponding to Program 3
denoted as "au" in Figures 3-5, Pareto optimum allocation with perfect enforcement denoted
as "po", and the equilibrium with limited enforcement corresponding to Program 4 denoted
as "pc". For these figures we plot the first 50 periods as representative of the transition from

the low level of capital to the steady state, and periods 100 to 200 as representative of the

steady state distribution.

1.5.1. Equilibria with no technological transfers

First, we consider the case with no technological transfers whatsoever, which in terms of
TFP’s corresponds to A= A =1. Under lack of commitment, the behavior of the developing
country is affected by the two opposing forces. On on hand, the country wants to default
on its debt, something which would imply switching to autarky and staying there forever.
Unlike the autarky assumption of the Program 2, Program 4 implies that the country would
still be in a position to develop the foreign sector on its own with the expropriated capital to
begin with. The opposing force is the threat of the punishment for defaulting. In this case, it
is the loss of possibility to borrow in order either enhance growth or to smooth consumption
against the unforeseen shocks or along the growth path. As before, the characterization of
the capital accumulation and transfers during the transition can be obtained only from the

numerical solutions, which are summarized in Figure 1.3 and Table 1.3.
[insert Figure 1.3 and Table 1.3 about here.]

An important feature of this case is that the steady state distributions of capital are
quite similar across all the three environments, in both sectors. They are actually identical
in the PC and PO environments as are the distributions of the corresponding investment
rates. As reported in Table 1.3, the steady state capital stock in the autarky environment is

slightly higher on average than in the other environments in either of the sectors. The reason
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for that is that in autarky the country has to self-insure against the cyclical fluctuations of
output and the only source of self-insurance is the capital.

In each of the sectors, the investment is more volatile under full enforcement than under
the autarky. This feature is similar to the one reported by Marcet and Marimon (1992), and
represents an example where an increase in volatility of investment is desirable.

Despite absence of any technological spillovers, the positive effect of the access to exter-
nal financing on growth is rather substantial under full enforcement. The growth rates go
from 2.5 to 3% during the first 15 periods. Yet, this effect practically disappears once the
assumption of perfect enforceability of contracts is relaxed. The overall gains, measured as
permanent increase in consumption that would equate the present value under the autarky
with the present values achieved under other regimes, differ significantly in the PO and PC
environments. Failure to perfectly enforce contracts reduces the welfare gains by the fac-
tor of 25. In fact, during the transition the consumption paths under autarky and under
limited enforcement are very similar. As can be seen from Figure 1.3, the key difference is
that the consumption series under PC is smoother than that under the autarky during the
transition. Furthermore, it is outright flat in the steady state while the consumption under
autarky keeps fluctuating even in the steady state. Hence, with no technological transfers,
the access to the external financing under limited enforcement allows to smooth out vari-
ation of output but not keep constant consumption along the transition. The possibility
to smooth consumption through external financing results in the minor welfare gain under
limited commitment. As in Marcet and Marimon (1992) enforcement constrains result in

negligible transfers and severely reduce growth opportunities.

1.5.2. Equilibria with technological transfers of medium magnitude

The case with the technological transfers of medium magnitude is defined by two character-
istic features. First, in the environments which grant access to the external financing, the
foreign operated sector is more productive than the domestic one?'. Second, the productivity
differences between sectors are low enough to guarantee that the participation constraint is
binding in some periods. The key feature of this case is that the productivity benefits intro-
duce a gap between the average steady state capital stocks in the economy with and without

external financing. The latter feature makes the punishment for default more severe that

211 terms of sectoral TFPs the case reported here corresponds to A =1 and A=1.1.
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in the previous case but not severe enough to eliminate risk of default. The characteristics
of the efficient accumulation mechanisms under the three considered institutional setups are

summarized in Figure 1.4 and Table 1.4.
[insert Figure 1.4 and Table 1.4 about here.]

The simulations demonstrate several distinctive features of the setup which encompasses
both productivity benefits from external financing and risk of default. These can be sum-
marized in the following way.

First, despite the presence of the default risk in the environment with limited commit-
ment the capital movements from and to the developing country are no longer negligible.
This result distinguishes the present setup from both the equilibrium with no technological
transfers discussed in the previous section as well as the models of Marcet and Marimon
(1992) or Kehoe and Perri (2002). This feature allows to conclude that presence of the
default risk is not inconsistent with the capital flows of substantial magnitude.

Second, under limited enforcement the developing country borrows not only in order
to smooth cyclical variation in consumption but also in order to invest heavier during the
transition and hence foster growth. Remarkably, the borrower boosts investment in all
productive sectors and not only those affected by the technological transfers. Once again,
in this prediction the current case differs from the case with no technological diffusion, be it
two-sector model discussed above or one-sector framework of Marcet and Marimon (1992). In
other words, borrowing with an objective to promote growth can be an equilibrium outcome
even in the environment with present risk of default.

Third, the behavior of the consumption path under limited enforcement is rather peculiar.
During a few initial periods, the consumption path is flat. Although it is still lower that the
consumption level under full enforcement, the series is well above the autarky consumption.
In other words, in this environment consumption smoothing along the growth path is no
longer absent. As the capital accumulates, the participation constraint starts binding at
certain period. After that the consumption in the limited commitment environment rises
every time the incentive compatibility constraint binds. As in the case with no technological
transfers, the shape of the consumption series reminds that of the autarky. However, during
the all the transition periods there is a diminishing wedge between the two series. This can be
attributed to the diminishing difference in the accumulated capital stock in the environments

with full and limited enforcement. As in the case with no technological diffusion, under
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limited enforcement the steady state distribution is characterized by a flat consumption
schedule which can lie either above or below the autarky path.

Since the default risk is still present during the transition, under limited enforcement the
paths of investment, transfers, and capital stock differ from those in the Pareto optimum.
Transfers from abroad to the developing country are lower in this case relative to the full
enforcement outcome. The investment rates inherit the same feature. In fact, in the sec-
tor unaffected by the productivity benefits the investment series falls rather quickly to the
autarky level. However, due to the heavy investment during the initial periods, the capital
stock under limited enforcement stays above the autarky capital stock during the transition.
The latter result holds for all sectors including the domestic one.

Another regularity concerns the average capital stock of the economy in the steady state
distribution. As shown by Marcet and Marimon (1992) the capital stock of a country in
the environment with limited commitment is lower than that in the autarky. The driving
force behind this result is the need to use capital as the only means of self-insurance in the
autarkic environment. A similar result is obtained in our framework in the case when no
technological diffusion takes place. When the technological transfers are present, however,
this conclusion may no longer be true. Since the productivity of the foreign operated sector
is higher under limited enforcement than in the autarky, so is the capital stock in the foreign
sector. Hence, whether the overall capital stock will be higher in the autarky than under
limited commitment depends on which of the two forces dominates. For instance, in the case
with transfers of medium magnitude reported in Table 1.4, under limited enforcement the
capital stock in the domestic sector is lower than that in the autarky. The converse is true
for the foreign operated sector.

Some characteristic features of the solutions following from our framework are in line with
the documented empirical regularities we began from in Section 1.1. For instance, Marcet
and Marimon (1992) state that the observed cross-country differences in borrowing patterns
and rich structure of capital flows find little explanation in the models of sustained growth.
On the contrary, our framework predicts that under limited commitment, the extent to which
a developing country will borrow depends on the magnitude of perishable productivity gains
associated with external financing relative to the productivity in the autarky.

Another regularity is reported by Gertler and Rogoff (1990) and more recently Lane
(2004) who document that the level of foreign debt in the developing countries is positively

correlated with their income. This observation is in line with the predictions of our model
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as well. Indeed, countries which highly benefit from technological transfers in the foreign
operated sector will be able not only to increase production due to the productivity gains but
also due to the higher capital stock in all sectors. The latter stems from increased investment
levels financed through transfers from abroad. Such countries will tend to have both higher
income level and higher level of foreign debt.

Our model outperforms existing theories of economic growth in its ability to account
for countercyclical behavior of capital inflows to developing countries. The quantitative
predictions of our framework and cross-country empirical evidence documented by Kaminsky,
Reinhart, and Vegh (2004) is summarized in Figure 1.5 . The upper histogram reports
country correlations between the cyclical components of net capital inflows and real GDP
for a sample of 80 developing countries for a period 1960-2003. The lower panel corresponds
to the same statistics for the simulated solution of our model.* Contrary to the implications
of the models of perfect or exogenously restricted capital mobility our framework predicts
is that the capital inflows to the developing countries are acyclical. For example, for the
same sequence of the exogenous shock our benchmark perfect risk-sharing model predicts
the correlation of cyclical component in inflows and output to be -0.86 with the bootstrap
standard error of 0.08, while the limited commitment model predicts this statistic to be not

significantly different form zero.*
[insert Figure 1.5 about here.]

In our framework this cyclical behavior of capital flows is partly determined by endoge-
nous incompleteness of the international lending markets. The basic intuition is the following.
On one hand, a good realization of the shock increases the value of the autarkic alternative
and therefore temptation of the borrower to default. Therefore, an incentive-compatible
contract requires a once and for all increase in consumption of the recipient country. On
the other hand, an expected increase in productivity of the investment technology incites
the borrower to increase investment in every sector of the economy. This increase in con-

sumption and investment is partially financed through an increase in output and partially

22We report the correlations from the simulated series affer removing the secular component with HP filter
with the smothing parameter A = 400 as suggested by Dolado, Sebastian, and Vallés (1993) for the annual
data. Since, we are interested in the behavior of the economy along its transition path, making inference from
simulating a long series is not a feasible option. Our strategy is therefore to rely on the logic of Bootstrap
methods (see e.g. MacKinnon (2002)) to make better use of the information contained in the simulated
series corresponding to the transition. The histogram of country correlations implied by our model is bases
on 100.000 Bootstrap iterations.

23The value of the correlation we obtain is -.13 with the bootstrap standard error of 0.28.
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through capital inflow from abroad. Hence, the cyclical behavior of our model economy is
determined by the relative magnitude of these two opposing forces.

The reason that our models fails to predict the procyclical behavior of net capital in-
flows is that we abstract from a number factors which might matter. One of such factors

emphasized in the empirical literature is that government policies tends to be procyclical.?*

1.5.3. Equilibria with technological transfers of high magnitude

When the magnitude of technological transfers is high enough the defaulter’s punishment
becomes so severe that the participation constraint turns out to be never binding. Hence,
the solution under limited commitment and that under perfect enforcement will coincide.
This compels us to reiterate the conclusion obtained earlier from the model with one-sector
autarky. Our results suggest that presence of perishable technological benefits associated
with external financing may eliminate risk of default. The latter is true even though these
benefits are enjoyed only by some sectors of the developing economy. The simulation results
for the case with technological transfer of high magnitude are presented in Figure 1.6 and
Table 1.5.

[insert Figure 1.6 and Table 1.5 about here.]

One final note will be made concerning the relation between the productivity benefits
and the corresponding welfare gains. In the reported example the TFP level in the foreign
operated sector (Av) is set to 1.35. This particular choice is motivated by the desire to find
the lowest level of g, which would ensure that the participation constraint does not bind.
In this case, the welfare gain, measured as a permanent increase in consumption that would
equate the present value of utility under the autarky with the present values achieved in
the other environments, is large. It corresponds to the increase in consumption of 26%.
Notice that these gains are driven by two forces. On one hand, it is higher productivity
of the foreign operated sectors under PC than that under autarky which takes the credit.
On the other hand, the spillovers increase the default punishment and by that facilitate
borrowing during the initial periods in order to foster growth. The importance of the latter

force for welfare improvement is more obvious in the case with no transfers reported in Table

2World Bank (2001, p.72) tentatively suggests that “.. the procyclical nature of capital flows also re-
flects volatility induced by a country’s own actions—and inactions—through uncertain government policies
and, especially, the underdeveloped state of its own financial markets.” Empirical evidence on the issue is
documented in Kaminsky, Reinhart, and Vegh (2004).
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1.3. In the absence of technological diffusion, the failure to enforce contracts results in a
welfare loss corresponding to change in consumption of 3.4%. With introduction of moderate
technological transfers, corresponding to the TFP level in the foreign operated sector (,Z[)
of 1.1, the difference between welfare gains under full and limited enforcement falls by more
than a half and becomes 1.6%. This reduction of relative welfare benefits can be attributed
to an increase in the punishment for default.

To summarize, even moderate perishable technological benefits substantially reduce the
negative effect on welfare of the failure to perfectly enforce lending contracts. In other words,

in our framework technological transfers play a role of an important enforcement mechanism.

1.6. Conclusion

The objective of this study was to develop a model of international risk-sharing which
would be qualitatively consistent with some features of capital flows to the low- and middle
income countries documented in the literature. The model we developed is based on three
main premises: i) international lending contracts are imperfectly enforceable; ii) access to
the international financial markets results in technological transfers to a developing country
from the rest of the world; iii) some of the productivity gains associated with the access to
external financing are perishable.

We consider a two-sector stochastic growth model and compute optimal accumulation
mechanisms in the environments which differ in the extent to which the borrowing contracts
with the rest of the world are being enforced. Furthermore, we examine different assumptions
concerning the defaulter’s punishment and their implications for growth, welfare and bor-
rowing patterns. The principal conclusions of this paper can be summarized in the following
way:

First, we conclude that the existence of substantial capital flows from the developed to
developing countries is not inconsistent with the presence of the default risk. This prediction
of our model distinguishes itself from those of the existing international risk-sharing models
with imperfect enforcement of lending contracts such as those Marcet and Marimon (1992)
and Kehoe and Perri (2002).

Second, we overcome the difficulty that the models of sustained growth have in explaining
the rich structure of observed capital flows and the "wide spectrum of borrowing patterns
across low- and middle-income countries" (Marcet and Marimon 1992, p. 221). Our frame-

work predicts that under limited commitment the pattern of capital flows depends heavily
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on the perishable productivity gains associated with the external financing opportunities.
In our framework even moderate technological benefits associated with external financing
opportunities may substantially reduce the negative effect on the welfare of the failure to
perfectly enforce contracts. In this respect, we conclude that technological transfers may
play a role of an important enforcement mechanism. Our model suggests that technological
transfers to a developing country from the rest of the world may eliminate risk of default
even though they affect only some sectors of the economy.

Third, our model outperforms existing theories of economic growth in its ability to ac-
count for countercyclical behavior of net capital inflows to developing countries. Contrary
to the implications of the models of perfect or exogenously restricted capital mobility our
framework predicts is that the capital inflows to the emerging economies are acyclical. A
margin we abstract from in the present inquiry that might be responsible for our failure
to predict procyclical inflows is that government policies tend to be procyclical. We leave
modeling this feature as an avenue for future research.

Finally, we show that absence of technological diffusion in an environment with limited
enforcement of contracts may result in scarce capital flows to developing countries, substan-
tially reduce their growth opportunities and increase volatility of investment. On the over
hand, presence of technological transfers in this environment may induce a developing coun-
try to use foreign capital to both smooth consumption against unforeseen shocks as well as
along the growth path. Moreover, along the transition path the foreign capital will be used
to invest more heavily in all the sectors of the economy including those directly unaffected by
the technological diffusion. The latter will result in faster growth as well as more substantial

welfare gains.
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1.7. Appendix: Derivations

1.7.1. Derivation of the necessary conditions in (1.4), (1.5) and (1.6).

Using the arguments of standard dynamic programming (see Stokey, Lucas, and Prescott
(1989)) one can show the existence of the time invariant policy functions iy (ky, ko, 0), i2(k1, ko, 0)

and a value function V'(ky, ko, #). The Lagrangian for the problem is given by

= Ly Zﬁt {[Aulers) + (—=74)] — Mg [ere — 7o + t0e + i — f(K1e) — F(kar)]

—piye (ke — (1 = 8) kg1 — g(i1e—1,61) — poy(kor — (1 — 8)koy—1 — glin—1,6:)},

where Ay, i1, and po, are the Lagrange multipliers associated with the constraints (1.1),

(1.2) and (1.3). The corresponding f.o.c. are given by

(1.43) (1) = A,
(1.44) 1= Ay,
dg(is, 0
(1.45) i+ G ujtﬂ%jﬂ) —0, for j=1,2,
J
(1.46) Mief' (k1) = pyg + (1= 0)BE, [p11041] =0,
(1.47) MeF (ko) = pgy + (1= 0)BE [f3141] = 0.

From the equation (1.46) using recursive substitution yields

o0

Z klt—i—]))\lt—w] .

j=0

py = By

Substituting the latter into (1.45) and using (1.44) as well as the law of iterated expectations
yields

o0

0g(iyy, 0
9 1t t+1 Z klt—i—l—l—j)]-

1=pE
BE: |5 2

The condition (1.5) is derived using the similar argument from (1.47),(1.45), and (1.44). The
condition (1.6) follows directly from (1.43) and (1.44).
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1.7.2. Approximating the value function and its derivative in the one-sector au-

tarky.
The Bellman equation corresponding to the one-sector autarky is given by
V(k,0) = max {u(c)+BE[V*(K.0)]06]},

(c,i)eA(k)

subject to
Alk) ={(c,i) eRY s c+i= f(k)},

E=0-08)k+g(i,0).
Denoting by V'(k,0) the derivative of the value function with the respect to its first

argument, the first order condition for the problem becomes

)14].

(1.48) (o) = 9B | Vo, ) 200 g@ -

Applying the theorem of Benveniste - Scheinkman ?° yields the following condition for the

derivative:

V@ (k,0) =/ (c)f'(k) + B(L = O)E [V (K, 0') | 0].

Rewriting the latter in the sequence form, using recursive substitution and the law of iterated

expectations yields

(149) Va,(k?t, Gt) - Et

Z(ﬁ(l - 5))jUI(Ct+j)f/(kt+j>] :

J=0

Now, rewriting (1.48) in the sequence form, using (1.49) and the law of iterated expectations

yields the first order condition for the autarky

0q(iye, 0 >
(1.50) () = pE, | 200 01) T DS (60— ctﬂmf’(klwn].
7=0

In order to approximate the value function and its derivative the following algorithm can

be used. First, parameterize the conditional expectation in (1.49) as

Y(w, ki, 0;) = exp(Py(log (k) ,log (6))),

Z5see Stokey, Lucas, and Prescott (1989) or Marcet and Marimon (1992) for details.
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where P, is a polynomial of degree n. Then, run a non-linear regression, which for n = 2

takes the form:

Y, = exp(w; + wslog (k) + wslog (0;) + wy (log (k;t))2

+ws log (k) log (6;) + we (log (6:))") + 1,

where the dependent variable Y; is given by the expression inside the conditional expectation
in (1.49) evaluated the the autarky solution {c;, k;},= .

A similar approach can be used to approximate the value function, except the parameteri-
zation of the conditional expectation should change to ¥ (w, k, 0¢) = — exp(P,(log (k;) ,log (6;)))

since utility of the agent 1 takes only negative values.
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1.7.3. Derivation of the first order conditions for the two-sector autarky in Pro-

gram 3.

The dynamic problem corresponding to the autarky with two open sectors is given by

max F fu(e

{ctsite,i2t }o g 0 ;ﬁ ( t>]

subject to

(1.51) cie + i + o = f(kie) + f(Kae),

(1.52) Kjerr = (1= 0)kje + g(ije, 0411), for j=1,2,

with ¢y > 0,414, 99¢ > 0, k1o, k2o, 0 given.
The Lagrangian for the problem is given by
= ko Z BHuler) = Xew — 7o + i1 + i — f(ku) — f (k)]
=0

_,Uhf(klt - (1 - 5)k1t71 - g(iu—l, et) - Mgt(kzt - (1 - 6)k2t71 - g(’lét—l, 9t>}7

where Ai4, 11, and 1y, are the Lagrange multipliers associated with the constraints (1.51)

and (1.52). The corresponding f.o.c. are given by

(1.53) u'(er) = M,

8g(ijt, 9t+1)

=0, forj=1,2
8ijt , 10r 7 )<

(1.54) =Mt + BE: | i

(1.55) A (ki) =t + (1= 8)BEy [jys] =0, for j = 1,2

Using recursive substitution and the law of iterated expectations (1.55) reduces to

o0

2(5(1 - 5>>if/(kjt+1+i))‘t+i] , for j =1,2,

=0

Hie = BE,

which combined with (1.53) and (1.54) yields

[e.e]

g (i, 0 .
il RV LIAARY 1) Z ]t+1+i>ul<ct+i)] , for j=1,2.

aljt i—0

u'(c;) = BE;
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Table 1.1. Parameterization of the models

Factor share of capital a=0.5

Risk-aversion parameter of agent 1 y=-38

Discount factor B=0.95
Autocorrelation parameter of log(6+) p =0.95

Standard deviation of innovations of log(8 ) O: = 0.03

Depreciation rate 6=0.1

Constants in the investment functions a=0.6;5=02;b=0.13

Note: Throughout the paper the values of the parameters used in the simulations except
for the productivity parameters A and A are similar to those of Marcet and Marimon (1992).

Table 1.2. Simulation results: the models with one-sector autarky (A = 1.00)

Model Utility of  Mean of growth ~ Mean of growth Mean of capital Increase in
the rate of output rate of output in domestic sector ~ consumption
agent 1 (15 periods) (85 periods) (steady state)
AU =744 2.41% 1.88% 2.478 -
PO, PC1 -2.01 8.44% 3.80% 2.467 92.20%

Note: The institutional environments considered are the one-sector autarky corresponding to Program
2 (AU), the environment with perfect enforcement in Program 1 (PO), and the limited commitment
environment in Program 2 (PC1). The productivity levels of domestic and foreign operated sectors are
set to be identical. The utility of the agent 1 is measured at Time 0 using many independent replications
of the model conditioning on =1, and ko = 1 in case of autarky and ko = 1, ko = 0 in case of the two
sector models. "Mean of growth rate of output" refers to the mean across independent realizations
during the first 15 and 85 periods respectively. The "Increase in consumptions" refers to the permanent
increase in consumption that would equate the present value under the autarky with the present values
achieved under other environments.



Table 1.3. Simulations: the case with no technological transfers (A = 1.00)

Model Utility of  Mean of growth ~ Mean of growth Mean of capital in Increase in

the rate of output rate of output domestic/foreign  consumption
agent 1 (15 periods) (85 periods) sector (steady state)
AUs -1.861 2.455% 1.381% 2.470 / 2.470 -
PO -1.734 3.085% 1.463% 2.466 / 2.466 3.58%
PC -1.856 2.470% 1.384% 2.466 / 2.466 0.14%

Note: The case with no technological transfers corresponds to the setup when the productivity levels of
domestic and foreign operated sectors are identical. The institutional environments considered are the
two-sector autarky in Program 8 (AUS3), the environment with perfect enforcement in Program 1 (PO),
and the limited commitment environment in Program 4 (PC). "Mean of growth rate of output" refers to
the mean across independent realizations during the first 15 and 85 periods respectively. The utility of
the agent 1 is measured at Time 0 using many independent replications of the model conditioning on &,
= 1, and ko = 1.1, ko = 0.9. The "Increase in consumptions" refers to the permanent increase in
consumption that would equate the present value under the autarky with the present values achieved
under other environments.

Table 1.4. Simulations: the case of technological transfers of medium magnitude (A = 1.10)

Model Utility of  Mean of growth ~ Mean of growth Mean of capital in Increase in

the rate of output rate of output domestic/foreign ~ consumption
agent 1 (15 periods) (35 periods) sector (steady state)
AU3 -1.861 2.455% 1.381% 2.470 / 2.470 -
PO -1.542 3.161% 1.523% 2.467 / 2.641 9.87%
PC -1.588 2.787% 1.462% 2.465 / 2.689 8.26%

Note: The case with no the case of technological transfers of medium magnitude corresponds to the
setup when the productivity levels of foreign operated sectors is higher than that of the domestic sector.
However, the productivity differences are not big enough to eliminate risk of default in the environment
with limited commitment. The rest is similar to Table 1.3.

Table 1.5. Simulations: the case of technological transfers of high magnitude (A = 1.85)

Model Utility of  Mean of growth ~ Mean of growth Mean of capital in Increase in

the rate of output rate of output domestic/foreign consumptio
agent 1 (15 periods) (35 periods) sector (steady state) n
AU3 -1.861 2.455% 1.381% 2.470 / 2.4770 -
PO -1.168 3.450% 2.467 / 8.016 26.22%
pPC -1.168 3.450% 2.467 / 8.016 26.22%

Note: The case with no the case of technological transfers of high magnitude corresponds to the setup
when the productivity levels of foreign operated sectors is higher than that of the domestic sector.
Moreover, the productivity differences are big enough to eliminate risk of default in the environment
with limited commitment. The rest is similar to Table 1.3.



CHAPTER 2

A Note on Computing Partial Derivatives of the Value Function

by Simulation

2.1. Introduction

The purpose of this note is to propose a simple algorithm for computing partial derivatives
of the optimal value function. The problems involving incentive compatibility constrains in
the form of participation constrains have received wide attention in the literature due to the
recent advances in the dynamic optimization techniques. Often the optimality conditions for
this class of problems involve partial derivatives with respect to some of the endogenous state
variables of the optimal value function corresponding to the dynamic programming formula-
tion of an outside option. Although many numerical methods can provide an approximation
for the value function, there is no reason to believe that a derivative of this approximation
will be close in any sense to the actual value of the derivative. In this note we suggest an
algorithm for computing these partial derivatives by simulation.

This issue has been previously considered by Marcet and Marimon (1992) who solved nu-
merically a growth model with capital accumulation under one-sided lack of commitment. To
circumvent the problem of finding the values of the derivatives Marcet and Marimon (1992)
proposed a rather convenient method based on the ideas of Benveniste and Scheinkman
(1979). Unfortunately their methods has limited applicability since it depends on the avail-
ability of the analytical solution for the derivatives as conditional expectations of the known
functions of the model solution. In this note we propose a simple algorithm to fill this gap.

To demonstrate the main idea of the algorithm consider a typical example of a partnership
with limited commitment'. Suppose that the enforcement technology available is such that if
the agent deviates from the optimal plan he has no choice but to switch to autarky and stay
there forever. In this case the reservation value for the agent would be the value function

of the autarkic solution V(xy, s;) evaluated at the values of the endogenous state variables

'Examples of such models include extentions of the economies in Kocherlakota (1996) and Alvarez and
Jermann (2000) to a context with endogenous production as in Kehoe and Perri (2004, 2002) or Abraham
and Carceles-Poveda (2006)
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xy, and exogenous shocks s; at the moment of deviation. The optimality conditions for
the planners problem will involve the values of the partial derivatives of the value function
V(z¢, s¢) with respect to some of the endogenous state variables. As is common in the
endogenous incomplete markets literature, the intertemporal conditions (Euler equations)
explicitly take into account the effect the changes in the values of state variables will have
on the agent’s incentives to deviate from the optimal plan. In the discussion that follows we
will assume that these partial derivatives of the optimal value function actually exist?.

In order to be able to use finite differences to approximate the values of the partial
derivatives at a given point one would need to know the values of the optimal value function
at a certain set of points. The numerical procedure we sketch below allows one to obtain
approximations of these values with arbitrary precision. Moreover, achieving this accuracy
is feasible for all points in the state-space which have economic relevance.

The initial step of the algorithm involves obtaining numerical solution to the autarkic
problem using a procedure which satisfies three criteria. First, it approximates some un-
known function with flexible functional forms of finite elements. Second, it can deliver an
accurate solution as the number of the finite elements in the function goes to infinity. Finally,
the resulting numerical solution must be such that it can be formulated as a set of policy
functions approximated with flexible functional forms. In order to execute this step we will
rely on a version of the parameterized expectation approach (PEA)®. Even though several
procedures suit well for our purpose, the choice of PEA can be justified due to it’s following
inherent features. First, PEA is computationally efficient when there is a large number of
state variables and stochastic shocks in the conditional expectations®. Furthermore, it does
not impose a discrete grid on the endogenous state variables or the stochastic shocks. Sec-
ond, Christiano and Fisher (2000, p. 1181) "describe PEAs ...[as] at least as accurate as all
the other algorithms considered". Third, Monte Carlo integration in both evaluation of ex-

pected discounted returns and the numerical solution to the model with PEA are convenient

%In practical applications one would most often need to establish a stronger property than merely existence
of the partials. The conditions which ensure differentiability of the value function or at least some of its
restrictions are problem specific. Some of these conditions are considered by Benveniste and Scheinkman
(1979) for the cases where the Bellman equation is satisfied and by Koeppl (2006) where it is not.

3The method was originally introduced by Marcet (1989). The modifications that followed differ along
several dimensions. These include the manner the conditional expectations are parameterized, and the way
the search for a fixed point is carried out. Which particular version would prove to be more suitable in terms
of accuracy and computational efficiency for each class of problems is a question deserving further attention.
4This can be partially atributed to the fact that PEA incorporates both endogenous oversampling and
Monte-Carlo integration.
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for parallelizing.® Finally, the algorithm can be utilized to compute the transition towards
the stationary distribution. Although the basic version of PEA discussed in den Haan and
Marcet (1990) only suits to approximate the solution at the stationary distribution, the al-
gorithm can be modified to include exogenous oversampling and solve for the transition (see
Christiano and Fisher (2000) and Marcet and Marimon (1992) for further details).

The next step involves using Monte-Carlo integration in order to evaluate the conditional
expectation of the discounted sum of future instantaneous utilities. This requires simulating
a large number of realizations of the shocks using the law of motion for the exogenous state
variables and their initial values. The initial values in question are simply the values of the
state variables at which the value function is being approximated. The simulated series for
the shocks along with the obtained approximated policy functions can subsequently be used
to generate corresponding series of the endogenous variables consistent with the optimality
and feasibility conditions. The obtained series will serve for calculating the discounted sums
of the instantaneous returns, each of which would correspond to a particular realization
of the stochastic process. An approximation of the value function at a given point is the
outcome of averaging over the obtained discounted sums of the instantaneous returns.

The final step involves applying the method of finite differences to approximate the values
of the partial derivatives at the point in question. Depending on the underlying assumptions
about differentiability of the optimal value function one can choose to rely on several finite
difference formulas to compute the derivatives.

The attractive features of the algorithm include its rather wide scope of applicability and
simplicity of implementation. It can be used to study the questions of risk sharing under
imperfect enforcement of contracts, as well as partnerships with limited commitment when
several state variables appear in the model corresponding to the outside option. Such models
may include habit formation preferences, several types of capital, or reputational co-state
variables. Furthermore, the method may still be applicable even though the default model
may fail to fall into a standard recursive framework. Furthermore, the suggested method is
computationally inexpensive, it does not suffer from the curse of dimensionality and therefore
it is particularly convenient for the models involving many state variables.

The rest of the paper is organized as follows. In Section 2.2 we sketch the idea behind

the algorithm. In Section 2.3 we suggest some examples where the proposed algorithm will

5See, for instance, Creel (2005) for a discussion of parallelizing of Monte Carlo problems.
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prove to be useful. In Section 2.4 we offer a worked out example of implementation of the

algorithm and relate the algorithm with the available alternatives. Section 2.5 concludes.

2.2. The Algorithm

Typically, in the models with participation constraints the reservation value is the value
function of the outside alternative evaluated at the current values of the endogenous state
variables, 7, and exogenous shocks, 5. Suppose, that the value of the optimal value function
at a point (Z, 5) is an outcome of a standard optimization problem for the outside alternative,

which can be written as follows:

2.1 V (Z,5) = max F b (zy, a4, 8

(2.1) (T,3) fa 0;ﬁ(ttt)

(2.2) subject to xy1 = (x4, 8), ar € A(xy,5),
To = Eu S0 :§7

where 7 is an instantaneous utility function, 5 € (0, 1) the discount factor, {s;} an exogenous
Markov stochastic process, x; a vector of endogenous state variables, a; a vector of control
variables, A a feasibility correspondence and [ the law of motion for the endogenous state
variables. The functional equation to this problem can be derived using the standard dynamic
programming techniques. It yields a time invariant policy function f such that optimal
allocations satisfy a; = f (x4, s¢) .

The purpose of the suggested algorithm is to find an pointwise approximation to the
partial derivatives a%v (Z,5) of the value function with respect to its i-th argument. The

algorithm takes the following three steps:

Step I. (Numerical Solution) Solve the model in (2.1) with a spectral method and formulate

the solution in terms of approximated policy functions
(2.3) a; = f(w; x4, 8) -

Step II. (Monte Carlo Integration). Simulate N sequences of the realizations of the stochas-
tic process {s”}?zl of size T with a starting value sj =3, for all n = 1,..., N. For
a each sequence {s"},_, simulate the series of the endogenous variables {7, a},_,

using approximated policy functions (2.3), the equations for motion for the state
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variables (2.2), and the initial values xjj = Z. Using the simulated series calculate

the discounted sums of the instantaneous returns and average over N.

Step III. (Numerical Differentiation) Repeat Step II to obtain approximations of the value
function at two points, for instance V (T + e¢;,5) and V (T — €4, 5) , where ¢; denotes
a conformable vector of zeros with one on its ¢-th coordinate, and € is a small positive
number. Calculate the value of the partial derivative using, for example, Stirling’s
finite difference formula:

0 ., . V(@+e,,s) -V (T—eys)
axiV(:c,s)_ . )

The optimal choice of the method for calculating the derivatives in Step III it problem
specific and its accuracy depends on the smoothness of the value function. The approaches
available include a variety of difference formulas, Richardson Extrapolation, or curve fitting
with cubic splines. These are described at length in the standard numerical methods texts
such as Judd (1998), Mathews and Fink (2004), or Press, Teukolsky, Vetterling, and Flannery
(1992).

A brief note should be made at this point on the accuracy of the algorithm. In principle,
arbitrary accuracy of the approximation can be achieved, by simultaneously increasing the
dimension of the approximating family of functions in Step I, increasing the size of Monte
Carlo iterations in Steps I and II, and decreasing the denominator € in Step III. However, in
practical applications there are several sources of the approximation errors. First, in order to
obtain the values of optimal value function at a point one relies on the approximations of the
policy functions implied by the numerical solution to the model. Second, since we consider
stochastic models, there is an additional error stemming from the evaluation of the integral
in computation of expected discounted returns. Finally, numerical differentiation introduces
two more sources of error: the truncation error and the roundoff error. The truncation error
comes from omitting higher order terms in the Taylor series expansion. The roundoff error
is associated with storing real numbers in computer’s floating-point format. We will discuss

some practical accuracy issues in the context of an example in section 2.4.
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2.3. Some Examples of Applicability of the Algorithm

In this section we provide a number of examples where the proposed algorithm will proof
to be useful. A common feature of all these examples, is that solving them boils down to
designing an optimal social contract which takes into account not only technological but also

incentive and legal constraints.

2.3.1. Risk-Sharing with Endogenous Market Incompleteness and Habit Forma-

tion Preferences

Here we present a model of international risk sharing which distinguishes itself from the
celebrated model of Backus, Kehoe, and Kydland (1992) in two respects. First, following
Kehoe and Perri (2002) we introduce a friction in the credit markets. We assume that the
international loans are feasible only to the extent to which they can be enforced by the threat
of exclusion from participating in any other international risk sharing arrangement. Second,
we incorporate habit formation preference in the model. The latter can be motivated by the
evidence presented by Fuhrer and Klein (2006, p. 722) who suggest that "habit formation
characterizes consumption behavior amongst most of G-7 countries".

Consider the planner’s problem of maximizing a weighted sum of utilities subject to
individual participation constraints and feasibility constraints. In particular, the problem of

interest is to choose allocations {c¢;, i, } for i = 1,...1 to solve

{citytst }

I oo
max F Z i Z Bru(ci, hiy)
i—1 =0

subject to

I I I
(2.4) Z Cit + Ziit = Z f (Kie, Oi)
i=1 i=1 i=1

(2.5) kit = (1 — 0) kit + U,
(2.6) hirs1 = hie + Acie — hat),
(2.7) Ey Zﬁju(citﬂ', hitvj) = Vi (Kity hie, Oir)

=0
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where ¢, i > 0, 0, follows a first order vector autoregressive process, and the initial val-
ues for the state variables k;g, hio, 00, and the initial non-negative weights are given. Here

Ve (ki hig, 0;) denotes the optimal value function corresponding to the autarkic environment

(2.8) max  FEj Z Brulcs, hir)
t=0

{eiesine 20
subject to
Cit + i = [ (Kir, Oie) ,
ki1 = f (Kit, 0s) — cio + (1 — )k,
Rigi1 = hi + Mea — ha),

with the initial values being equal to the values of the state variables k;;, h;;, 0;; at the moment
of deviation from the optimal plan.

In addition to the aggregate recourse constraint (2.4), participation constraint (2.7), and

the equations of motion for the state variables (2.5)-(2.6) the constrained efficient allocations

should satisfy the following risk sharing condition:

ue (i,8) + ABE Y720 7 (1 =AY [gg—uh (i, t14j) — ot 00 (z',t+1+j>] 3

Eit  Ohity14

st
Ue (5,8) + ABE, S 57 (1 — A J —§5t+1“uh s, t4147) — Hettiss oV s, t+1+j i’
J=0 st

€st  Ohstyiy

for i,s =1, ..., 1. Optimal allocation must also satisfy the intertemporal condition

(29) u.(i,t) + ABE S 57 (1= A {%uh i 1) - P OV t+1+j)}
j=0 git fz‘t ahit—i—l-{—j

- BEt

<£itgl+juc (i,t + 1) + )\6263 (1 _ )\)J [gzzhrﬁuh (i, t+2+j)
=0

it it

_ it 424 avia
éit ahit+2+j

i vy’
fit 8kitJrl

(i, t+2+5) (i,t+1)

Y

) (fi (Kit+1,0011) +1—90)

along with the complementary slackness condition

i

E, Z Bu(Citgjy hirsj) — Vi (ki b, eit)] =0,

=0
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and the law of motion for the reputational co-state variables
Mipy1 = My + pyy,

where &, = \j + M1, 11, > 0, and M;o = 0. In these first order conditions we have used

the abbreviations u. (i,t) for %‘_’f“), and we have used similar abbreviations for other
terms. Notice, that the partial derivative of the optimal value function V* enter both the

intertemporal condition (Euler equation) and the risk-sharing condition.

2.3.2. Capital flows to developing countries under risk of debt repudiation.

Our next example is a dynamic principal-agent problem with one-sided lack of commitment
similar in spirit to that of Marcet and Marimon (1992). In this setup, a capital-poor country,
represented as a risk-averse agent, can borrow from the industrialized capital-rich countries,
represented here as a risk neutral agent. While the club of the industrial countries is assumed
to honor its contractual obligations, the developing country has an option to renege on its
debt and suffer the consequences. In the absence of a supranational enforcement authority
the punishment the borrower will incur in case of debt repudiation is the exclusion from any
further intertemporal and inter-state trade with the industrialized countries. However, this
will not preclude the poor country from being able to enter a risk sharing arrangement under
two-sided lack of commitment with some other capital poor countries.

Constrained efficient allocations can be found as a solution to the following planner’s

problem:

(2.10) max _ Fy | Y B () + (—74)]
{ct,m8,08, 172, —o

subject to

(2.11) co — 7o+ iy = 01 f (),

(2.12) iy = (1= 0)ke + iy,

(2.13) B> Bulcy)| = Vi(k, 0,),

j=0
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with initial conditions (kg, ) and non-negativity conditions ¢; > 0,4, > 0. In this speci-
fication ¢, 1;, and k; are consumption, gross investment, and capital stock respectively; 7,
denotes transfers from the risk-neutral agent to the risk averse one; ¢ € (0, 1] is depreciation
rate of capital; 8 € (0,1) is the discount factor. A random productivity shock 6, follows
a first order stationary Markov process with bounded support. The instantaneous utility
u(-) of the risk-averse agent is strictly concave, twice differentiable and satisfies the Inada
conditions. The production function f(-) is concave and differentiable.

The reservation value which appears in left hand side of (2.13) corresponds to the ex-
pected felicity of the agent’s outside option: a partnership with two-sided lack of com-

mitment. The allocation to the latter must satisfy the following planner’s problem, with
Zle Ai=1:

I e
(2.14) max FEj Z Ai Z Bru(ciy)
=1 =0

{cit it}
subject to
I I I
Z Cit + Ziz‘t = Z Oicf (Kit) ,
i—1 i—1 i—1
Kity1 = (1 — 0)ki + i,
(2.15) Ep Y Fuleiyy) = Vi (K, 0ir)

=0

with ¢;; > 0,1;; > 0. The initial values for k;y, 0;9 are given by the corresponding values of the
state variables in problem (2.10) at the moment of deviation. In the problem (2.14) above,

the reservation value V* (ky, 0;) is given by

(216) V;a (l{fz‘t, 9“5) = mao}g E

CiS}s:t

Zﬁs-fu@s)]

s=t

subject to
kist1 = Oisf(kis) + (1 — 0)kis — ¢4,

with Cit € [0, wa(k‘w)]
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While the autarkic problem in (2.16) is the classical Brock and Mirman (1972) economy
the solutions to the problem (2.14) will take the form of the following policy function:

>0 ¢

(2.17) U(k, u,0) = arg min max {Z (A + s +7;) uley) + BEW (K, 1/, 6")) | 9]}

j=1
subject to
My = 1y T
1 I I
doei+> ii=> 0;f(k),
i1 =1 =1

Ky = (1= 8)k; + 1,

in addition to the incentive compatibility constraint (2.15) and non-negativity constraints
on the multipliers { uj}.

The recursive contract methodology of Marcet and Marimon (1998) ensures that the
optimal solution to the optimization problem (2.14) satisfies (¢, i3, Vi) = V (kit, fti4, i) for
all ¢t with the initial conditions (k;,0,6;0) . In a particular case when symmetric treatment
can be applied to the participants of the risk-sharing arrangement in (2.14) the reservation
value on the right hand side of (2.13) is given by

1
Vd(kt,et) = rw(ktaoaet)'

j
Otherwise, this reservation value is simply the expected discounted sum of instantaneous

utilities Y 5°, Bu(cy) where {c;} are allocations obtained from from iterating on (2.17).

2.3.3. International borrowing under limited commitment and several types of

capital.

Another example where the suggested algorithm will be useful is a framework with limited
commitment with several types of capital. A version of this model is considered in Chapter
1 whereby the borrower which cannot fully commit to repay its debts accumulates capital

in several productive sectors.

GHenceforth we adopt the dynamic programming convention by which primes denote the forwarded values
of variables.



61

2.4. An Example of Implementation.

In this section we describe a practical computational strategy for implementing the algo-
rithm. We will rely on the example in section 2.3.1 which considers international risk sharing
problem of Backus, Kehoe, and Kydland (1992) augmented with the contract enforcement
friction and habit formation preferences.

The intertemporal optimality condition to the planner’s problem (2.9) includes partial
derivatives of the value function corresponding to the dynamic programming formulation of

the agents outside option. The functional equation for the autarkic problem is given below:

V(k,h,0) = max {u(c,h)+BE[V(E 1,0 (k h0)}
(c,i)EA(K,0)

h'=h+ Xc—h),
K =1-0)k+i
Alk,0) = {(c,i) eR: :c+i= f(k,0)},

The objective of the algorithm is to find the values of the partials in question Vj(-)
and Vi (+) at a point (k, h,f) which is likely to happen in equilibrium. Since the analytical
expression for these derivatives is in general unavailable, we will have no choice but to rely
on numerical differentiation. Another complication which arises here is that the closed form
solution to the optimal value function is generally unavailable either. Hence, one needs to
approximate value function at two points, e.g. V(k+¢,h,0) and V(k —¢, h, 0) with arbitrary
accuracy in order to be able to use finite differencing approach’.

The first step of the algorithm involves solving the model with a spectral method which
can approximate the policy functions with arbitrary accuracy. In this example we will
utilize a version of PEA of Marcet (1989) which allows us to formulate the solution in terms
of approximated policy functions.

The Euler equation for the problem is given by:

(218) Ue (C, h) + BAEt Z Bj(l - )\)juh (Ct+j+17 ht+j+1)

J=0

"The points of interest are V(k 4+ ¢e,h,0) and V(k,h,0) if we choose to rely on Newton’s forward formula,

V(k—e¢,h,0) and V(k, h, ) if we use Newton’s backward formula, and V (k +¢,h,0) and V (k — ¢, h, 0) if we
use Stirling’s formula.
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= BE;

(Uc (cty1, hegr) + 5)\Zﬁj<1 — Mg (Cryjra, ht+j+2)> (fe(bpg1,041) +1— 5)] -
7=0

To simplify the exposition we will consider the case of non-persistent habits which corre-
sponds to A = 1. In this particular case, the habit stock at ¢t + 1 is simply the level of

consumption at ¢, and the Euler equation (2.18) reduces to:

(2.19)  we (o, he) + BE; |un (cm,hm)} — BE, [(fk(kt+1,9t+1)+1—5)
X (Ue (Coq1s Peg1) + Bun (crra, hiya)) | -

To solve the model numerically we will assume the functional forms relatively standard in

the growth literature. The instantaneous utility function is given by

(Ct — bht>1_a

l1—0

U(Ct, ht) =

)

where b € (0,1) and o > 0. One rationale for choosing additive functional form to introduce
habits is to preserve the usual concavity properties of the utility function. The production

function is Cobb-Douglas and is given by
f ke, 0;) = 04k
The stochastic productivity follows a first-order autoregressive process in logs
logf; = plogf;_1 + &,

where {¢;} are independent normally distributed random variables with zero mean and
variance o2, In this example, we restrict attention to one particular set of the parameters

which are summarized in Table 2.1.
[ Insert Table 2.1 about here. |

With the chosen functional forms the Euler equation becomes:

(¢, — bhy) ™" — BbE, [(c,f+1 . bhm)*“} — BE, [ (a0pikSy +1 - 0)

X [(Ct+1 - bht+1)_a - b3 (Ct+2 - bht+2)_JH .
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The sequences of optimal allocations {ct, hiy1, ki1 }io, must satisfy the following system of

stochastic difference equations:

(Ct — bht)ig = 5Et b (Ct+1 — bhtJrl)iU

(2.20) x| 1+ (oz@tﬂkgr_ll +1-— 5) 1 ~ B <Ct+2 - bht+2> ’
b Cop1 — Dhyyy

(221) kt+1 = Htkta + (1 - (5)]{715 — Cy,

(222) ht+1 = C¢.

For the expositional purpose, we will rely on the version of PEA which is easiest to

implement. The computational procedure takes the following steps:

e Fix the initial conditions and draw a series of {6,},_, that obeys the law of motion
for the exogenous shocks with 7' sufficiently large.®
e Substitute the conditional expectations in (2.20) by the flexible functional forms

that depend on the state variables k;, h;, #; and some coefficients to yield

(ct(w) = bhy(w)) ™7 = Brp(w; ke(w), he(w), Oy),

where
¢<w; kt(w)a ht<w)7 et) = eXp<Pn (w; log kt(w)v 10g ht(w)7 10g 01&))7

and P, denotes polynomial of degree n. Reliance on the exponent of the logarithmic
polynomial expansion guarantees that the left hand side of (2.20) would be positive.
Given ¢;(w), the next period values for the capital and habit stocks follow directly
from the corresponding laws of motion (2.21) and (2.22).

e Using the realizations of {Ht}tT:O repeat the previous step in order to obtain re-
cursively a series of the endogenous variables {c,(w), kiy1(w), his1(w)},_, , for this

particular parameterization w.

8In order to ensure sufficient accuracy of the solution we chose T' = 50,000 for all the numerical examples
considered. The computational burden of this is still rather low since the model needs to be solved only
once.
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e Run the following non-linear regression

Yi(w) = exp(P, (§;1og ki(w),log hy(w), log 6;)) + n,,

where the role of the dependent variable Y;(w) is performed by the expression inside
the conditional expectation in the RHS of (2.20).

e Letting S(w) be the result of the regression in the previous step, use an iterative pro-
cedure to find the fixed point of S, and the set of coefficients w; = S (wy) . This would
provide the solution for the endogenous variables {c;(wy), kir1(wy), heyr (w f)}tT:() for
this particular realization of the stochastic process {Gt}thlalong with the approxi-

mated policy functions:

(2.23) colkie, ha,00) = by + [B(wys b he, 0] 77
(2.24) keia (e, he, 0p) = 04k + (1 — 6)ky — bhy — [Bp(wy; ke, hay 01)], ©
(2.25) hig1(ke, he, 0;) = bhy + [BY(wy; ki, he, 00)] @

The simulated series consistent with optimality and feasibility conditions are reported in
Figure 2.1. The initial values for capital, ky, and habit stock, hy correspond to those of the

deterministic steady state.
[ Insert Figure 2.1 about here. ]

Our objective is to find approximations of partials at a range of points. Supposing that

the point of interest is (E, h, 5) the algorithm proceeds as follows:

e Simulate NV sequences of the realizations of the stochastic process {9"}?:0 of size
T with a starting value 0 = 0, for all n = 1,..., N. For a each sequence {9"}th0
simulate the series of the endogenous variables {k}', h}, c?}tio using approximated
policy functions and the laws of motion for the state variables (2.23)-(2.25), and the
corresponding initial values kf = k, hit = h. Using the simulated series calculate the

discounted sums of the instantaneous utilities and average over N.

N T n
VERD) x-S g (¢ —bhy)'™

1—0
n=1 t=0
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e To obtain Vj, (E, h, 5) get approximations of the optimal value function at V' (k + €, h, 0)
and V (k — €, h,0) , where € is a small positive number. Calculate the approximated
value of the partial derivative using Stirling’s finite difference formula:

oV (ERE)  V(E+ehd) -V (E-chD)

ok 2¢

The partial with respect to the habit stock is obtained in a similar way.
[ Insert Figure 2.2 about here. |

Notice, that the length of the simulated series T' can be very moderate due to discounting
of the future utilities. The optimal value of € is both computer and problem specific. The

approximations to the derivatives at a range of points are reported in Figure 2.2.

2.4.1. Comparing performance of the algorithm with the available alternatives

In this section we will consider issue of accuracy of our algorithm in the context of an
example. First, we will compare performance of our algorithm with the approach of Marcet
and Marimon (1992) when such comparison is feasible. Furthermore, we present several
special cases which allow us to isolate the contributions to the overall approximation error
of the algorithm from different sources.

Once again, consider the risk-sharing problem with endogenous market incompleteness
and habits discussed in section 2.3.1. Notice, that the optimality conditions for the autarkic

problem (2.8) can be written in the sequence form as follows:

(2.26) e (¢, h) + BAE [Vi(kes1, g, Oe41)] = BEL [Vi(Kiga, ey, O141)]
(2.27) Vie(ke, hey 04) = BEy [Vie(Kiga, hagas Orr)] (fre(be, ) +1—=0),
(2.28) Vi(ke, he, 00) = up (co, ) + B(1 = N Ey [Vi (ki1 higr, 0e41)] -

The intertemporal condition (2.28) can be used to compare our algorithm with the Marcet
and Marimon (1992) method. The latter requires solving the model numerically and ex-
pressing the derivatives of interest in terms of conditional expectations and functions of

equilibrium path of the model. Starting from (2.28), using recursive substitution and the
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law of iterated expectations yields:

Vi(ke, by, 01) = up (co, he) + B Z Bj(l — N uy, (Ctrjs et s)

J=1

Now, one can proceed by parameterizing the right hand side with flexible functional forms
in the state variables (k;, hy,0;). An approximation of this derivative can be obtained by
running one non-linear regression using the simulated series from the numerical solution of

the model.
[ Insert Figure 2.3 about here. |

The approximations of the derivative obtained using our algorithm and the approach
of Marcet and Marimon (1992) are reported in Figure 2.3. In the graphs, we plot the ap-
proximated values of V}(k, h,0;) for a range of one of the state variables while keeping
the remaining ones fixed at their deterministic steady state values. The histograms plot the
sample distributions of capital and habit stock from one long simulation of the model. Based
on the graphs and histograms presented, a few observations can be made. First, the two
algorithms produce indistinguishable results when the state variables take the values which
often happen in equilibrium. Second, for the point which are unlikely to occur is equilibrium,
the approximations differ significantly. To see this feature, consider the range of values of
capital stock in excess of 6.5. The plots of the approximate derivatives reported in the upper
panel of 2.3 do not coincide. Moreover, the upper tail of the histogram suggests that such
values of k; are not unlikely to happen in equilibrium. Notice, that while considering at a
relatively high value of k; we kept the remaining arguments of V, (k;, hy, 0;) at their determin-
istic steady state values. However, the points where capital is very high while consumption
(and hence habit stock) are at the steady state level are rather unusual. This can be also
noticed from the graph in Figure 2.1 which plots the evolution of the endogenous variables
and exogenous shocks for 200 periods corresponding to the stationary distribution. This is
an expected result, since we relied on a version of PEA which delivers good approximation to
the policy function in the region of the state space which is frequently visited by the model
in equilibrium. This by no means limits the applicability of the algorithm. If one happens to
be interested in a different subset of the state space one can simply modify the oversampling
scheme in Step I of the algorithm. We have followed this strategy in Chapter 1 of this thesis

where the object of interest was the transition path towards the stationary distribution.
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The framework we have chosen to serve as worked out example embeds several well known
special cases. For instance, for A\ = 0, it reduces to the stochastic growth model of Brock
and Mirman (1972). In this case, the analytical form of the one-period return function r
which maps the graph A of the feasibility correspondence I' into the real numbers is known.

Indeed, the correspondence describing the feasibility constraints is given by
F(kta 015) = [f(l - 5)kt7 f(kt7 915) + (1 - 5)kt] )

and the instantaneous return function becomes
/A A — R giV@H by T (kt, ktJr]_, (915) =Uu (f(kt, 91/) + (1 — 5>kt — kt+1) s

where A = {(ky, ki11,0;) € R3 : kyyy € T(ky, 0;)} . Hence, by virtue of the Benveniste-Sheinkman

theorem the derivative of interest can be expressed as
Vi(ke, 00) = o' (f (ke 0) + (1 — 8)ke — g(ki, 0)) [fr(Ke, 0) + 1 — 4],

where ¢ is the optimal policy function for capital stock. This special case allows us to
compare the simulation from our algorithm with the example where the only source of ap-
proximation errors is the approximation of the policy function g. This will allow us to isolate
the contribution of the approximation errors in evaluation of the integrals and numerical
differentiation to the overall approximation error of the algorithm. As can be seen from
Figure 2.4 the approximations delivered by our algorithm are very close to the approxima-
tion which rely on the Benveniste-Sheinkman theorem. Once again, in the region of the
state space which is often visited by the model in equilibrium the two approximations are
virtually identical. This allows us to tentatively suggest that the main contribution to the

approximation error of the algorithm comes from the approximation of the policy functions.
[ Insert Figure 2.4 and Figure 2.5 about here. |

Our final special case allows us to compare the approximation of the derivative with its
known exact solution. It is well known that for the functional forms f(k;, 6,) = 0.k, u(c;) =
log ¢;, and 9 = 1, the optimal policy function is defined by the simple law of motion k;,; =

af0.k;. Moreover, the derivative of the value function has the following analytical solution:

ko B o 1

Vilki, 02) = (1—aB)bke ~ (1—af)k
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Notice that by replacing the approximated policy function with the known closed form
solution, we can isolate the effect of the errors stemming from Monte Carlo integration and
numerical differentiation on the accuracy of the approximation. In Figure 2.5 we compare the
approximated derivatives obtained using exact policy function for k; with the graph of the
analytical derivative. The reported graphs are visually indistinguishable for the whole range
considered, i.e. six standard deviations of k; around its deterministic steady state value. The
approximation errors stemming from Monte Carlo integration and numerical differentiation
are of order of 107 of the value of the derivative. This suggests that obtaining accurate
approximation of the policy functions in the region of state space of interest is crucial for

the accuracy of the whole algorithm.

2.5. Concluding Remarks

The purpose of the note was to present an algorithm for computing the partial deriva-
tives of the optimal value function by simulation. The procedure proposed is conceptually
straightforward, computationally inexpensive, and simple to implement. Yet, it is flexible
enough to handle dynamic model with a large number of state variables even when deriva-
tives of interest cannot be expressed in terms of conditional expectations and functions of
equilibrium path of the model. For our benchmark examples the algorithm has a perfor-
mance comparable with approximation method introduced by Marcet and Marimon (1992).
Furthermore, the algorithm can be applied to some problems which fail to fall into standard

recursive framework and for which Bellman equation is not well defined.
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2.6. Appendix: Derivations

2.6.1. Optimality conditions for example in section (2.3.1).

Since the constraint (2.7) involves expected values of the future decision variables, this
problem is not a special case of the standard dynamic programming problems, and the
Bellman equation will not be satisfied. However, as shown by Marcet and Marimon (1998)
it falls into a general class of problems, which can be cast into an alternative recursive
framework. The recursive saddle point problem associated with dynamic problem above will

be given by

o) I
max_ min K Z B Z LN+ M) ulcir, hie) + pig (ulcig, hie) — Vi (Kigs hie, 03t) ) ¥
=0 =1

{eitsiit} {1ie oo

subject to (2.4)-(2.7) and
(2.29) M1 = My + pyy, Mg =0,

fip 2 0.

Indeed, the corresponding Lagrangian is

0o I I 00
L=E Z ﬁt {Z )\iu(city hit) + Z jon <Et Z ﬁjU(Cz’tﬂ'; hit+j) - V;a (kita R, 0it>> }
t=0 i=1 i=1 j=0

subject to (2.4)-(2.6), given p;, > 0, where 3 *yu,, is the Lagrange multiplier of (2.7) at ¢.
The law of iterated expectations allows to imbed the conditional expectations F; into FEj.
Furthermore, reordering the terms and introducing the law of motion for M, yields the above
result.

As shown by Marcet and Marimon (1998), under certain assumptions the solution to
the recursive saddle point problem obeys a saddle point functional equation. Within our

framework their result implies that there exists a unique value function,

W(k,h,M,0) = min max {Z (N + M) uleq, hy) + py; (ule, hy) — VE (kiy hiy 6;))]

I N
{n}tici {ed}iz i=1

+BE W (K W, M0 | 6] }
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subject to

I I I
(2.30) Z ¢+ Z i = Z f (ki 0:)

(2.31) k= (1= 0)k; + 1y,
(2.32) hi = hi + A — hi),
(2.33) M; = M; + p;,
(2.34) Cis iy g 2 0,

for all (k, h, M,0) and such that W ko, ho, My, 6p) is the value of the optimization problem
in question. The policy correspondence associated with the above saddle point functional

equation is given by

I
P(k,h,M,0) € arg min max {Z [(Ni + M;) uleq, hy) + p; (uleg, hy) — Vi (kiy hyy 0;))]

I T
{u}izy {eidioy i=1

+BE[W (K W, M6 |6 }

subject to (2.30) - (2.34).

The key results demonstrated by Marcet and Marimon (1998) ensures that the optimal
solution to the optimization problem we consider satisfies (¢, 4, pt;) = 9 (ky, hy, My, 6,) for
all ¢ with the initial conditions (ko, ho,0,60). That is there exist a time invariant policy
correspondence 1) such that only the values of a small number of past variables (k;, hy, My, 0;)
matter. Hence, the problem is now in a recursive framework the solution to which can now
be obtained from studying the saddle point functional equation.

Denoting by m;:, n;; and -, the Lagrange multipliers of the constraints (2.5), (2.6) and
(2.4), the first order conditions for this problem become:

au(cm hit)

( + t T+ :uzt) acit

+Ang —v, =0

mit—%=0

OV (Kity1, hity1, i)
akit-‘rl

Of (Kity1, Oity1)
Okt

BEt _/’Lit-‘rl + mit+1<]- - 5) + ’Y,H_l = Mt
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ou(Cits1, Rits1) . OV (kirsr, hitg1, Oirs1)
Ohjti1 il Ohit+1

+ (1= A) njgga | = nae

BE; (>\i + M1 + uit+1)

Kt

E; ZﬁjU(Cz‘Hj, hit+j) — Vi (Kit, P, eit)] =0
=0

E, Zﬁju(cz‘tﬂ‘, hit—i—j) > Via (kita hm Qit)

=0
in addition to the aggregate resource constraint (2.4), the laws of motion (2.5)-(2.6) for state
variables, the laws of motion (2.29) for the co-state variables M;;, and non-negativity of the

Lagrange multipliers p,;, > 0.

Qu(cit, hir) Qulejt, yt)

()\z+Mzt+Mzt) +)\nit: ()\j—i‘th—i‘,ujt) +/\njt, for Z,j = 1,...,[,

dci dcjt
Of (Kitt1,0it11) OV (Kit41, hitg1, Oiggr)
i = E i 1—-6| — i ! )
my = 3 t|:m t+1( Dhiron + Hit41 Dkios
8u C; y hz 8‘/;1 k)z y hz y 01
ng =0 (1= X) Ey [ng1]+5E; [()\1 + Mg + :uit+1) ( at;l-l 1) - ( thh t+1 t+1):| '
it+1 it+1

Using recursive substitution and the law of iterated projections yields

v = BB (1 [e e ln) | OV g g G|
7=0

it 1+
Ohi14; ONity14j

where the time varying planner weights are given by
git = )\z + Mit + M-
Re-organizing the terms yields the following optimality conditions:

ue (4,1) + ABE Y520 B (L= A) [tg+—1ﬂuh (i, t+14j) = = g (i, t+1+3)]

e (5,) F ATE 20 87 (1= MY [ S50, s, 1+114) — 45252 0 (s 414

€t Ohsit14

st
Sit 7

fori,s=1,.... 1.



74

Optimal allocation must also satisfy the following intertemporal condition:

j é—it—l-l—i—’
b\ J J
s

Hit+145 8‘/{1

up, (2, t+147) —
n ) € Ohipirs

ue (i,t) + ABE Y B (1 (4, t+1+j)]
§=0

= pPE;

<£ztg1+j (Z t+ 1 + )\626] 1 _ j [%ﬁuh (i, t+2‘/‘j)

_ Hatgo4y v
Eit  Ohityos

/l’zt+1 8‘/
fzt aklt+1

(i, t4+2+7)

(1,t +1)

) (fr (Rit1, Oie1) +1 = 0) —

au(czt hit)

e and we
1

In these first order conditions we have used the abbreviations . (i,t) for

have used similar abbreviations for other terms.
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2.6.2. Optimality conditions for stochastic growth model with habits.

Consider the following dynamic optimization problem corresponding to the stochastic growth

model with additive habit formation preferences:

max £y > Blules, hy)

=0

subject to

(2.35) e +ip = [ (i, 01)
(2.36) kiyr = (1= 6)ke + iy,
(2.37) hiyr = he + Mew — hy),

with the initial conditions kg, hy given.
Using the arguments of standard dynamic programming (see Stokey, Lucas, and Prescott
(1989)) one can show the existence of the time invariant policy functions c(k, h,0),i(k, h, 8)

and a value function V' (k, h, ). The functional equation for the problem is given by

V(k,h,0) = max {u(c,h)+BE[V(K,N,0)](k h0)}
(ci)EA(K)

h'=h+ Xc—h),
K = f(k,0)+ (1 —0)k+1,
A(k,0) = {(c,i) eRE s c+i= f(k,0)},
The first order condition of the maximization problem in the right hand side of the functional
equation is given by

(2.38) Ue (e, h) = BE [Vi(K', 1, 0) — NVi (K, 1, 0') | (k. 1, 0)].

Let g(k,h,0) be the optimal policy function for investment. Then, the following identity
must hold:

V(k,h,0) = u(f(k,0)—g(k h,8)h)

+BE[V((1 = 0)k+ g(k,h,0),(1 =N h+ X(f(k,0) — g(k,h,0)),0) ]| (k h,0).
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Differentiating both sides of the equality above with respect to k yields

Vk(ka h7 9) = UC(C, h) [fk(ka 9) - gk(k> h> 9)]
+BE [Ve(K' 0,60 [(1 —6) + gr(k, h,0)]

+ AVu(K', W 6°) [fu(k, 0) — gi(k, h,0)] | (k. h,0)],
which using (2.38) reduces to
Vie(k, b, 0) = BE [Vi(K', B, 0) [fi(k,0) + 1 = 0] | (k. h,0)].
Differentiating both sides of the identity above with respect to h yields

Vh<k> h> 9) = uh(c> h) - UC(C, h)Qh(ka ha 9) + ﬂE [Vk(kla hla 9/)gk(l€7 h7 9)

+ ViK' 0,0 [(1 = X) — Agn(k, h,0)] | (k,h,0)],
which using (2.38) reduces to
Vh(kv ha 9) = uh(ca h) + 5(1 o )‘)E [Vh(kla h/> 91) | (ka h> 9)] :

The optimality conditions can be written in the sequence form in the following way:

(2.39) e (¢, h) + BAE; [Vi(kiga, hegr, Oe1)] = BE: [Vie(Kig, haga, 0e1)]
(2.40) Vie(ke, by, 0) = BE [Vie(kes1, gy O41)] (fro(Be, 00) +1 = 9)
(2-41) Vh(kt7 D, 915) = Up (Ctu ht) + 5(1 - /\)Et [Vh(kt+17 ht+1, 9t+1)] .

Combining (2.39) and (2.40) yields the following expression for derivative of the value func-

tion w.r.t. the capital stock:

Vie(kes hey 01) = (ue (e, be) + BAE [Vi(Kera, hera, Oe41)]) (fr(Kie, 1) +1 —6)

Shifting the expression above one period ahead and substituting in into (2.40) gives

e (¢, h) + BAE; [Vi(kigs her, Oei1)] = BE [(fe(Re1, 01) +1 = 0)

X (Ue (Cog1,s Peg1) + BAVi(Kiga, hiya, Oi42))]
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Using recursive substitution and the law of iterated expectations (2.41) provides an expres-

sion for the derivative of the value function w.r.t. the habit stock:

Vh(ktv h’t7 9t> = Up, (Cta ht) + Et

Z B = Ny (g htﬂ')] ‘

J=1

Finally, the Euler equation for the problem becomes:

D B (1= AN un (Cojins herjn)

=0

uc (¢, h) + BAE; = BE; | (fr(kit1,0t41) +1 =)

X (Uc (Ct1, hagr) + BA Z 5j(1 - )‘>juh (Ciqjr2, ht+j+2))] :

=0
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2.7. Figures and Tables

Figure 2.1. Stochastic growth model with habits: a numerical solution with PEA
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Figure 2.2. Growth model with habits: approximation of the value function

and its partial derivatives

V(kh,A) V(k,h,A)
-15 -16.35 — . . . . .
-16.4 J
155} g
-16.45
16f ]
-16.5
-16.5} g -16.55
-16.6
a7k ]
-16.65
17.5} g
-16.7
18 . . . . . . . . 16,75 L . . . . .
52 54 56 58 6 62 64 66 68 7.2 1.45 15 1.55 1.6 1.65 17
Capital (k) Habit stock (h)
dV/dk(k,h,A) dV/dh(k,h,A)
15 ; ; ; 0.95 . .
1.4} g 4
1.3} g
1.05 4
1.2} g
11 J
11} g
Al | -1.15 1
0.9 . . . . . . . . Ry - . . . . .
52 54 56 58 6 62 64 66 68 7.2 1.45 15 155 1.6 1.65 17
Capital (k) Habit stock (h)



80

Figure 2.3. Alternative methods for the approximation of the derivatives
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Figure 2.4. Stochastic growth model with separable preferences: simulations
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Comparison of numerical and analytical solutions
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Table 2.1. Parameterization of the model
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CHAPTER 3

Institutions and Growth: Some Evidence from Estimation

Methods Partially Robust to Weak Instruments

3.1. Introduction

Explaining the vast disparities in average income between the richest and the poorest
countries has always been one of the biggest challenges in economics. In recent years, the
search for explanations has gone beyond economic variables to investigate "deeper" determi-
nants of economic performance such as geography, integration and institutions!. Designing
an empirical strategy to access the importance of these factors in explaining variation in
income levels is a formidable task. The challenge lies in disentangling the complex web of
causality involving these deep determinants and the income levels. This paper will narrow
the focus on the view which asserts the primacy of institutions in particular the property
rights and the rule of law in explaining the observed income differences.

The most influential contributions in this strand of literature have been the pioneering
work of Robert Hall and Charles Jones (1999) as well as the study of Daron Acemoglu,
Simon Johnson and James Robinson (2001). Both studies proposed empirical strategies and
introduced new sets of instruments which allowed to shed some light on the causal effect of
institutions in explaining income differences. Their approaches and instruments in particular
have been both extensively utilized as well as criticized in the literature.

Both approaches essentially share a common weakness which is anything but straight-
forward to overcome. To find a source of exogenous variation in institutions which would
not have direct effect on current output levels the scholars had to go to the geographical
and historical determinants of institutions. For instance, Hall and Jones (1999) rely on the
distance from the equator while Acemoglu, Johnson, and Robinson (2001) utilize historical

settler mortality to instrument for the institutional quality. Due to this it is natural to expect

I'We hereby rely on the taxonomy of deep determinants proposed by Rodrik and Subramanian
(2003).

83
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that the instruments proposed would be only weakly correlated with the endogenous vari-
able of interest. The latter, however, often constitutes a source of severe problems for both
estimation and inference purposes.> Even though, the latter point is strongly emphasized in
the recent literature on weak identification in linear instrumental variables (IV) models it is
often disregarded in many empirical applications®. Hence, one of the objectives of this study
is to serve as an example which brings together the recent advances in the econometrics of
weak instruments with the empirical methodology of the literature on deep determinants of
economic growth.

This paper is concerned with the performance of the estimators partially robust to the
presence of weak instruments in application to the Hall and Jones (1999) study (henceforth
HJ99). HJ99 investigate whether differences in social infrastructure can explain observed
cross-country variation of income per capita. To address the issues of endogeneity and
measurement, error in their proxy for institutional quality HJ99 estimate the effect of social
infrastructure on per capita income using two-stage least squares (TSLS). The instruments
of their choice reflect the extent of Western European influence which is suggested to be one
of the forces behind the adoption of favorable infrastructure.

Two possible lines of criticism can be directed towards the HJ99 study. First, Acemoglu
et al (2001) express their criticism towards the empirical approach of HJ99 for reliance on
the two instruments with questionable relation to their theory, namely distance from the
equator and Frankel-Romer predicted trade share!. Second, the instruments proposed by
HJ99 and in particular linguistic instruments are found to be only weakly correlated with
their proxy for institutional quality. The basic diagnostic tools proposed by Stock, Wright,
and Yogo (2002) indicate that the weak instruments are potentially a problem in which case
the performance of TSLS can be inferior. This study is an attempt to address both lines of
criticism.

One of the objectives of the present study is address the Acemoglu et al (2001) critique
and to assess whether the HJ99 results are driven by the use of ”latitude” and Frankel-Romer

predicted trade share as instruments for institutional quality. In order to address the issue

2See for example Hahn and Hausmann (2003).

3Two notable exceptions are the recent studies by Alcald and Ciccone (2004) and Dollar and Kraay
(2003) which try to identify partial effects of institutions and integration on income levels.
4Acemoglu et al (2001, p. 1373) express certain skepticism about HJ99 using "latitude" as an
instrument for institutions noting that "...the theoretical reasoning behind these instruments is not
entirely convincing". Some scholars e.g. Rodrik, Subramanian, and Trebbi (2004) go on to claim
that the instruments proposed by Acemoglu et al (2001) are preferable to those of HJ99.
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six different specifications are considered some of which utilize exclusively linguistic variables
as instruments. However, in order to accomplish this task the problem of potentially weak
identification is to be overcome. In this respect the question to be answered is whether one
can rely on TSLS for both estimation and inference purposes given the potential problem of
weak instruments. Furthermore, the question that arises is whether the performance of TSLS
can be improved upon by using the estimators partially robust to weak instruments. Finally,
given that the relative performance of the partially robust estimators heavily depends on
characteristics of the model and data at hand, the question to be considered is which of the
estimators one might rely on in the context of linear IV model of HJ99.

Furthermore, we seek to address the issue of whether linguistic variables proposed by
HJ99 form valid and relevant instruments for their proxy of institutional quality. That is
whether the instruments sufficiently identify the model and whether orthogonality condition
is satisfied given the potential problem of weak instruments. This issue is of particularly
importance for isolating partial effects of institutions and integration®.

The relevance of HJ99 instruments from the econometric standpoint is addressed by eval-
uating performance of the estimators partially robust under weak instruments in a Monte
Carlo experiment. Following the suggestions of Blomquist and Dahlberg (1999) and Stock,
Wright, and Yogo (2002) the relative performance of k-class estimators and Jackknife esti-
mators is examined under a data generating process which is believed to be applicable to the
Hall and Jones (1999) study. To address the mentioned criticism of Acemoglu et al (2001)
the linear IV model of HJ99 is reestimated across several specifications and the evidence

from the partially robust estimators is interpreted on the basis of the Monte Carlo results.

3.2. Some Comments on the Hall and Jones (1999) Study

HJ99 estimate the effect of what they call ”social infrastructure” on productivity across
countries. They address the issue of reverse causality by using the fraction of population
speaking English at birth, the fraction of population speaking one of the five major Euro-
pean languages at birth, the distance from the equator and the Frankel and Romer (1999)

geography predicted trade intensity as instruments. The first three instruments are claimed

As demonstrated by Dollar and Kraay (2003) the existing attempts to identify partial effects of institu-
tions and trade using geography related instruments as "latitude" or settler mortality suffer from serious
identification problems.
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to reflect the extent of past Western European influence which is suggested to be one of the
forces behind the adoption of favorable infrastructure.

Acemoglu et al (2001) have expressed certain dissatisfaction with the HJ99 instruments.
One reason for that is that the overall results might heavily depend on the reliance on the
”latitude” and Frankel-Romer predicted trade share as instruments. HJ99 do not provide
any theoretical justification for the use of the Frankel-Romer predicted trade intensity. As
for the ”latitude”, Hall and Jones (1999, p.101) argue that Europeans were ”...more likely to
settle in areas that were broadly similar in climate to West Europe”. One possible problem
with this argument is that climatic zones differ substantially across the regions with identical
distance from the equator. Even though Acemoglu et al (2001) show that ”latitude” has no
independent effect on economic performance and hence forms a valid instrument, its relation
to the HJ99 theory is still questionable. This partially constitutes a rationale to put more
weight on the linguistic instruments®.

The HJ99 theory stipulates that the extent to which primary languages of Western Eu-
rope are spoken as first language today should reflect the extent of positive Western European
influence during 16-19th centuries. Some objections to this argument can be articulated as
well. First, as noted by Acemoglu et al (2001) the "Western influence’ was not necessary
positive in terms of institutional quality. An illustrative example they present is Belgian
influence in the Congo and Western influence in the Gold coast. Second, timing could be an
issue of concern. Indeed, suppose that the extent to which a European language is spoken in
a certain country in the 18th century reflects the degree of European influence in the 18th
century. The extent to which this language is spoken today does not have to be the same as
it was a few centuries ago. This issue, however, might somewhat lose its importance in view
of the Acemoglu et al (2001) theory. They argue that colonization often took form of either
establishing ”extractive posts” or creating ”settler colonies”. In the former case, colonizers
exerted "negative” influence in terms of institutions and were likely to leave the colony. In
the latter case, the colonizers had intentions to stay and hence established institutions resem-
bling those of Western Europe. In light of this, one would expect smaller proportion of the
population of former ”extractive posts” speak a European language long after the colonizers

are gone. On the contrary, in the former ”settler colonies” like e.g. Neo Europes in which

6The linguistics instruments are of particular interest for identification purposes in bivariate specifi-
cations attempting to identify partial effects of e.g. institutions and trade. See Alcald and Ciccone
(2004), Dollar and Kraay (2003).
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"life was modeled after home country” (Acemoglu et al 2001, p. 1376) one would expect
large fraction of the inhabitants to speak the colonizer s language today. Hence, relying
on this argument one would expect an association between fraction of European languages
spoken today with the ”positive” European influence during colonization time. The latter
is in line with the HJ99 hypothesis.

To assess whether the HJ99 results are driven by the two instruments with somewhat
doubtful relation to their theory six specifications will be considered in this paper. The first
three specifications include the full 127 country sample. The first one uses all four original
instruments, namely the languages, the latitude, and Frankel-Romer predicted trade share.
The second specification relies exclusively on the ”latitude” and the trade share, while the
last one utilizes only the language characteristics. The specifications iv) through vi) are
identical to the first three except they rely on the 79 country sample with no imputed data.

Another potential problem in the HJ99 study is that the instruments might be only
weakly correlated with the endogenous regressor. In the latter case the TSLS estimator will
have non-normal sampling distribution. Whether the instruments should be deemed as weak
or not depends on the purpose to which the instruments serve. The usual judgment criteria
are the size distortion and the relative bias (Stock, Wright, and Yogo 2002).

Stock, Wright, and Yogo (2002) emphasize the point that the least applied researches
should do is to apply the basic tools for detection of weak instruments as e.g. first-stage
F-statistics. Following this suggestion we report the values of the first-stage F-statistics for
the six basic specifications in Table 3.1. Based on Table 3.1 two observations can be made.

First, all specifications free of imputed data exhibit low F-statistics’.
[ Insert Table 3.1 about here. |

The same can be said about both specifications which rely on language variables as instru-
ments. Second, none of the reported F'-statistics is far in excess of ten. These observations
suggest that weak instruments are potentially a problem. Before proceeding to the next sec-
tion a note should be made on the role of F-statistics as a diagnostic tool. The literature on
weak instruments suggests that one should interpret the first stage F-statistics with certain
care. As noted by Stock and Yogo (2001) the Staiger-Stock rule of thumb happens to be too
conservative if limited information maximum likelihood of Fuller-k estimators are used but

not conservative enough to ensure that TSLS Wald test does not suffer from size distortions.

"The rule of thumb proposed by Stock, Write and Yogo (2002) is that one should be concerned with
the issue of weak instruments should the value of the first stage F-statistic fall short of ten.
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In this respect Blomquist and Dahlberg (1999) express certain skepticism concerning
excessive reliance on the F'-statistics as a diagnostic tool. They state that ”...it has become
somewhat of a folklore that if the first stage F' - statistics is large, the TSLS performs well.
However the folklore is not correct”. Their claim is supported by the simulations whereby
average F-statistics of 29 with the sample size of 2408 does not preclude TSLS from having
the average bias of —51.6%. In line with this argument Stock et al (2002) suggest using
k-class or Jackknife estimators even if F-statistics are in excess of ten.

On the other hand, Staiger and Stock (1997) show that even if F-statistics are low (less
that 5) the instruments do not have to be irrelevant. To overcome the potential problem
they go on to suggest using alternative estimators more robust to the presence of weak

instruments as for instance k-class estimators.

3.3. Monte-Carlo Simulations

As shown by Blomquist and Dahlberg (1999) in the Monte-Carlo experiments the rank-
ing of the partially robust estimators heavily depends on the nature of the data generating
process (DGP). Hence, they advocate complementing the estimates with a Monte-Carlo
study for the relevant sample size and DGP believed to be applicable. Following this sug-
gestion the relative performance of the five k-class estimators and two Jackknife estimators

will be investigated in this section in the context of the linear IV model used by HJ99.

3.3.1. DGP and evaluation criteria
The linear IV regression model estimated by HJ99 is given by

log(Y/L) = a+fpS+e
S = Zéi+u
where log(Y/L) is an N x 1 vector of log income per capita, Z is an N x K5 matrix of
instruments, S is an IV x 1 vector of proxy for social infrastructure, « is a scalar.

The DGP is designed so that the generated data will replicate certain features of the

actual observations. The dependent variable is generated as

y=a+bS+e
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where a = 7, b = 3, and S is the proxy for social infrastructure from HJ99 study. Following
the idea of Friedman (1984) the error term is generated by e = ki + £ where £ ~ N(0,07)
and u is a projection of S to the space orthogonal to the space spanned by the instruments,
ie. = (I—Z(Z2'7Z)"'Z")S. The values of the parameters o7 = 0.1, and k = 0.8 are set so
that first two empirical moments of generated y would be close (with 10% in absolute terms)
to those of observed log(Y/L) for a chosen extent of correlation between regressor and error.

The advantage of the proposed DGP is that the generated data resemble the original
sample in terms of the sample size, the first two empirical moments and more importantly
the extent of correlation of the instruments with the endogenous regressor. In fact, in each
replication of the experiment the first-stage F-statistics are identical to those reported in
Table 3.1.

The disadvantages of this formulation include rather restrictive assumptions of fixed
instruments and Gaussian errors. The measurement error is not modelled hereby due it its
unknown form. Hence, we implicitly assume that the measurement error will not change
the ranking of the partially robust estimators. Finally, for the purpose of this exercise
it is assumed that the instruments are orthogonal to the error term. The orthogonality
assumption can be tested using e.g. the asymptotic methods suggested by Staiger and
Stock (1997) or sample re-use methods. This strategy will be followed in the section 3.5.1
reexamining HJ99 results.

A brief note should be made concerning the choice of the measures to compare the
estimators. Some of the estimators considered in this study (e.g. JIVE or UJIVE) do
not have first or second finite sample moments. Due to this fact, Angrist, Imbens, and
Krueger (1999) advocate use of median estimates and median absolute errors to evaluate
the performance of the estimators. On the other hand, as pointed by Jerry A. Hausman and
Kuersteiner (2001) the absence of finite sample moment is an issue of practical concern. As
Jerry A. Hausman and Kuersteiner (2001) have show in the Monte-Carlo experiments the
"moments problem" may cause certain estimators to have extremely high mean estimates
or RMSE. On this ground, they advocate the use of mean estimates and RMSE to evaluate
finite sample performance of the estimators.

Following Angrist, Imbens, and Krueger (1999) and Blomquist and Dahlberg (1999) the
performance of the estimators in this study will be evaluated on the basis of five statistics.
These are the percentage bias, the root mean square error (RMSE), the median absolute error

and the quantiles around the true parameter value. Furthermore, we report the coverage



90

rates which are computed as a fraction of replications when the calculated confidence interval
covers the true parameter value. The confidence intervals are estimated using the following
Bootstrap procedure with 1000 replications. First, for a sample size N we draw uniformly
with replacement N observations. Second, we use instrumental variables on the generated
data to get a new estimate B The bootstraped 95% confidence interval is calculated as
[EO_O%, B0.975} where 3 o5, and B, 75 are the 2,5% and 97,5% percentiles of the obtained

sampling distribution.

3.3.2. Estimators

This study investigates the performance of the five k-class estimators and two Jackknife esti-
mators in a linear IV model with potentially weak instruments. The Jackknife Instrumental
Variable Estimator (JIVE) originally proposed by Angrist, Imbens, and Krueger (1995) is

computed using the following algorithm:

(1) Using all the observations except for the i-th estimate the parameters of the first-
stage regression: S_; = Z_;0 + u.
(2) Use the estimated parameters 4 with the instruments for the i-th observation Z; to
construct the fitted value for the i-th observation, §Z
(3) Repeat the steps 1) and 2) for all observations ¢ = 1...N.
(4) Regress the dependent variable on the fitted values from step 1)-3) and exogenous
regressors: log(Y/L) = a + BS +Z.
Hence, defining X as a N x 2 matrix with its i-th row given by (1 §Z) the JIVE estimator
becomes X
(@ B = (XX ) X 'log(v/L).
The Unbiased Jackknife Instrumental Variable Estimator (UJIVE) suggested by Angrist,
Imbens, and Krueger (1995) and will be defined as

(0 Dl = (XX) 7 X tog(¥/1),

where X as a N x 2 matrix with its i-th row given by (1 S;). That is the UJIVE estimator
differs from JIVE in that instead of OLS at the second stage the IV is performed with X
used as instruments.

Following Stock and Yogo (2002, p. 7) this paper considers five k-class estimators: OLS,

TSLS, the limited information maximum likelihood estimator (LIML), an estimator of the
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family the Fuller -k estimators, and bias-adjusted TSLS. Generally, this study relies on the
definition of these estimators as given by Stock and Yogo (2002, p. 7)°.

3.3.3. Simulation results

9 The results are

The simulations have been performed for the six chosen specifications.
reported in Figure 3.1 as well as Tables 3.2 and 3.3. They can be summarized as follows.

First, the performance of TSLS estimator does not seem to be severely affected by the
weak correlation of the instruments with the endogenous regressor. The results are robust
across specifications.

Second, the Jackknife estimators are outranked by the k-class estimators across all spec-
ifications. In particular JIVE suffers from both severe average bias and size distortion. For
instance, in the specification iv) which relies on 79 obs. sample and four instruments JIVE
demonstrates a negative average bias of 24.8% while the calculated 95% confidence interval
covers the true parameter only in 67% of cases.

Third, shifting from the four instruments to the linguistic instruments only makes the
estimates much more imprecise. The RMSE almost doubles for the k—class estimators. The
latter holds for both samples.

Finally, in the specification vi) the performance of OLS, LIML and Jackknife estimators
is inferior both in terms of bias, RMSE, and median absolute error. Fuller - k£ estimator
outranks the remaining estimators in terms of median square error, RMSE as well as the
size distortion. Hence, Fuller - k£ estimator will be recommended for inference purposes.

Furthermore, the performance of the latter remains stable across the specifications.
[ Insert Figure 3.1, Table 3.2, and Table 3.3 about here. ]

These results parallel the findings of Jerry A. Hausman and Kuersteiner (2001) who
report reduction of bias and MSE using Fuller - £ estimator relative to TSLS and LIML when
the instruments are weak. Furthermore, using Monte-Carlo design of Hahn and Hausman
(2002) the study of Hahn, Hausman, and Kuersteiner (2004) reached the conclusion that
TSLS, jackknife TSLS (UJIVE) and Fuller estimators often perform better than for instance

8In the notation of Stock and Yogo (2002, p. 7) the Fuller - k estimator examined here corresponds
to ¢ = 1 which is the best unbiased estimator of second order among estimators with £k = 1 +

a(EL mL—1)—c¢/(T—K;— K3) for some constants a and c. Furthermore, for computational purposes
we calculate kr7asz, as the minimum eigenvalue of (X’ M ZZ)_I/ 2 (Y'MxY) (X’ M ZZ)_I/ 2

9All the simulations and estimations in this paper were performed using MATLAB 6.5. The MAT-
LAB code is available upon request.
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JIVE or LIML. A potential explanation for this involves a notion of the "moments problem".
Even though it has been long recognized that some partially robust estimators like LIML or
JIVE do not have finite sample moments, it has been recently shown by Hahn, Hausman,
and Kuersteiner (2004) that this feature can create problems in weak instrument situations.
While both TSLS and Fuller estimators do not suffer from "moments problem", Jackknife
TSLS (or UJIVE) has finite sample moments only up to the degree of overidentification. As
it turns out, the simulation results obtained from the specification iv) relying on the two
linguistic instruments are suggestive of the "moments problem" in this particular application.
Both estimators with "no moments" perform poorly and so does UJIVE due to the low degree
of overidentification. Fuller estimator and TSLS outrank the rest of the estimators which
supports the claim of Hahn and Hausman (2003) that "instrument pessimism" is sometimes
overstated for TSLS.

3.4. A Reassessment of the Hall and Jones (1999) Results

This section comments on the estimation results of the HJ99 linear IV regression model
using partially robust estimators. The results across the six specification are reported in
Table 3.4. They can be briefly summarized in the following way.

First, the point estimates obtained from TSLS, LIML, Fuller - £ and BTSLS do not differ
substantially within a particular specification. The exception is JIVE which gives somewhat
lower point estimates than the rest of the partially robust estimators. This observation is
consistent with the simulation results according to which JIVE is plagued by a negative bias
while the k-class estimators are virtually free from it.

Second, in specifications i) through v) most of the estimates obtained from the partially
robust estimators are found to be significant at any conventional level. The exceptions are the
UJIVE estimates in specifications iii)-v) and LIML in v) which are found to be insignificant.
The Monte-Carlo simulation results, however, suggest that in these cases UJIVE has much
lower precision than the k-class estimators in terms of RMSE and median absolute error.
Hence, for the inference purposes TSLS, BTSTS or Fuller - k£ are preferable.

Third, the specifications iii) and vi) that rely exclusively on the linguistic instruments
produce somewhat higher point estimates than the rest of specifications. Furthermore, this
becomes more apparent in the sample with no imputed data.

Finally, specification vi) which relies on the linguistic instruments and the sample with

no imputed data is worth some special attention. In this specification all the estimates with
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notable exception of the Fuller -k are found to be insignificant'®

. To interpret this finding
one should utilize the simulations results. They suggest that LIML and Jackknife estimators
suffer from both bias and size distortion. Furthermore, as can be noted from Table 3.2 and
Figure 3.1, these estimators are much more imprecise than TSLS or Fuller-k. The latter
conclusion follows from both RMSE and median absolute error criteria. Relying on the

Fuller-£ yields a point estimate of 7.08 which is significant at any conventional level.

3.5. Robustness Checks

The criterion of the instrument relevance has been considered above in details. The issue
which still requires some attention is instrument exogeneity. The problem which arises is
that the exogeneity tests and overidentification test which are equivalent under conventional
asymptotics are no longer equivalent with weak instruments. As shown by Staiger and Stock
(1997) the tests may suffer from both size distortions and lower power against violations of
the orthogonality condition. This constitutes a rationale to be sceptical about the overiden-
tification tests reported by HJ99. To alleviate the problem, initially the guidelines provided
by Staiger and Stock (1997) will be followed. Furthermore, a version of a bootstrap test of

overidentifying restrictions will be considered.

3.5.1. Tests of overidentifying restrictions based on asymptotic approximations.

Following Staiger and Stock (1997) the test statistics utilized here are T R? from the regres-

sion of the IV residuals on the instruments and exogenous variables (¢,.,) and Basmann’s

reg
test statistics (¢p,,)- Both tests are considered here for residuals of the k— class regressions,
in particular TSLS, LIML and Fuller - k. The results of the overidentification tests across
specifications are reported in Table 3.5. Some comments on the results can be made. First,
the null of instrument exogeneity cannot be rejected at any conventional level of significance
across most specifications and tests proposed. Second, the notable exception is specification
iv) (shorter sample, all four instruments) for which both Basmann test and T R? test reject
the null at 10% level. For the purpose of this paper, however, the issue does not seem to

be a major concern since the null is not rejected for any specification involving exclusively

language instruments. Furthermore, according to Monte Carlo results of Staiger and Stock

10With t-statistics of 1.27 obtained from the TSTL and BTSLS (which are actually identical with
only two instruments) some researchers like e.g. Frankel and Romer (1999) would call an estimate
"marginally” significant.
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(1997) the Basmann test should be preferred for inference. They go on to conclude that even
though both test have size distortions, under the null the TSLS version tends to overreject
while LIML version tends to underreject. Thus, Staiger and Stock (1997) advocate to rely
on the Basmann-LIML test which in specification iv) fails to reject the null.

To summarize, the overidentifying restrictions were not rejected by the tests suggested by
Staiger and Stock (1997) for the models with weak identification. This provides justification
for the orthogonality assumptions made in the Monte Carlo experiments. Interpreting this
result one should take into account that under certain parameter values, the Basmann -LIML
test advocated by Staiger and Stock (1997) might have low power against small violations
of orthogonality condition. This might suggest reexamining the results relying on sample

re-use methods rather that asymptotic approximations.

3.5.2. Bootstrapping Basmann - LIML test

In order to overcome the potential problems associated with the Basmann-LIML test based
on the asymptotic approximation the principle of the bootstrap can be applied. This claim
can be justified on two grounds. First, as shown by Staiger and Stock (1997) asymptotic
distribution of the Basmann-LIML test statistics does not depend on any unknown parameter
and hence the test statistics is asymptotically pivotal. In this case the bootstrap method is
likely to converge faster than the corresponding asymptotic approximation and have smaller
size distortions (Horowitz 2001). Furthermore, the bootstrap tests might be particularly
advantageous relative to the asymptotic ones under the conditions of weak identification.
For instance, as argued by Wong (1996) who investigated the properties of the bootstrap
Hausman test relative to the asymptotic approximation the advantage of using bootstrap
increases as the correlation between the instruments and the endogenous regressors becomes
low.

The bootstrap procedure utilized in this section is similar to the one of Wong (1996).
However, unlike the latter the statistics bootstrapped here is LIML version of the Basmann
test. Furthermore, the procedure makes use of the Friedman’s (1984) orthogonalization

idea. In matrix notation the model considered is

(3.1) y = YB+Xv+u,

(3.2) Y = ZIO+X®+V,
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where (3.1) is the structural equation of interest, y and Y are respectively T' x 1 vectors of
T observations on the endogenous variables, (3.2) is a reduced form equation for Y. X is a
T x K; matrix of exogenous regressors, Z is a T' X K, matrix of instruments, v and V are
T x 1 vectors of error terms. The errors ( u V, >I, where u; denotes the ¢-th observation
on u, are assumed to have mean zero, to be serially uncorrelated and to be homoscedastic.
Furthermore it is assumed that both exogenous variables and instruments are orthogonal to
the error terms.

In the context of HJ99 study y is the T x 1 vector of log income per capita, Z is a T x Ky
matrix of instruments, Y is a T" x 1 vector of proxy for social infrastructure, X is a 7" x 1
vector of ones, [ is the main parameter of interest.

The bootstrap procedure follows a simple algorithm. First the model in (3.1) is estimated
by a k-class estimator to obtain the residual vector @ (k) = y — Y3 (k) — X7 (k). Those
residuals will not be exactly orthogonal to the set of instruments, that is =2Z'u (k) # 0. This,
however, is an assumption imposed by the model. Following the idea of Friedman (1984)
one might utilize the component of the residual vector orthogonal to the set of instruments
given by u (k) = (I — Z'(Z'Z)~'Z")u (k) where I denotes a T— dimensional identity matrix.

Second, given a quadruple of (y,Y, Z, X) the bootstrap method is used to resample with
replacement from the empirical distribution of (@ (k) ,Y, Z, X). Denoting by (u (k)*,Y™*, Z*, X*)
the values drawn from the empirical distribution, for each bootstrap replication y* is gener-
ated as y* = Y*3 (k) + X*3 (k) + @ (k)" .

Next, using the bootstrap sample the model is estimated by a k-class estimator to obtain a
residual vector u* (k) = y* Y3 (k)—X*~" (k) . Then the Basmann “s statistic is calculated

Ppas (k) = [0 (k) Py (k)] / [@" (k) My, (k) /(T — Ky = K3)]

where Z'+ = (I — X*(X*X*)"'X*)Z*, P;, and M}, are the corresponding projection and
residualizing matrices given by Py, = Z Y(Z"HZ )71 Z"+ and M}, = I— P}, respectively.

The Basmann s statistic ¢}, (k) is calculated for each of B bootstrap replications. The
90%, 95% and 99% percentiles from the obtained empirical distribution represent corre-
sponding bootstrap critical values reported in Table 3.6.

For convenience the Basmann - LIML statistics ¢p,,(krrar) for all six specifications
are repeated in Table 3.6 along with the bootstrap critical values. The conclusion about
the instrument orthogonality drawn from the bootstraped Basmann - LIML test coincides

with those based on the asymptotic approximations. In each case the Basmann - LIML
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test statistic falls short of the tabulated critical values which implies failure to reject the
overidentifying restrictions.

To summarize, the overidentifying restrictions have not been rejected by the tests robust
to the presence of weak instruments for all specifications. The conclusion holds for both tests
based on asymptotic approximations as well as the test relying on small sample properties.
The evidence obtained provides some further support to the orthogonality assumption made

in section 3.3.

3.6. Conclusion

This paper focuses on the empirical methodology proposed by HJ99 to estimate the ef-
fect of what they call ”social infrastructure” on productivity across countries. In this study
we attempt to address the criticism of Acemoglu et al (2001) directed towards the HJ99
methodology for relying on the instruments with less than convincing theoretical justifica-
tion. Hence, one of the objectives of this study is to assess whether the HJ99 results are
driven by the use of ”latitude” and Frankel-Romer predicted trade share to instrument for
institutional quality. In order to address the issue six different specifications have been con-
sidered some of which utilize exclusively linguistic variables as instruments. However, in
attempt to accomplish this task one had to overcome the problem of weak identification.

The instruments proposed by HJ99 and in particular linguistic instruments are found to
be only weakly correlated with their proxy for institutional quality. The basic diagnostic
criteria for weak identification such as low values of the first stage F-statistics indicate that
the performance of TSLS estimator might be inferior. Hence, the issue of concern is whether
one can rely on TSLS for both estimation and inference purposes given the potential problem
of weak identification. Furthermore, the questions that arise are whether the performance of
TSLS can be improved upon by using the estimators partially robust to weak instruments
and which of the estimators are preferable in the context of the HJ99 model.

To address these issues a Monte Carlo study comparing relative performance of TSLS and
several partially robust estimators has been conducted. The results of the experiments can
be summarized as follows. First, one may conclude that the instruments cannot be deemed as
irrelevant. However, depending on the specification some of the examined estimators suffer
from both bias and size distortions. For instance, JIVE “s performance is inferior compared
to the other partially robust estimators across all specifications. Second, compared to the

other examined partially robust estimators the TSLS estimator performs relatively well in
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terms of average bias, RMSE and median absolute error. Overall, the results of the Monte
Carlo experiments suggest that among the estimators considered the preferred ones should
be Fuller - k£ and TSLS. This finding constitutes further support for the claim of Hahn and
Hausmann (2003) that "instrument pessimism" is sometimes overstated for TSLS.

To address the mentioned criticism of Acemoglu et al (2001) the linear IV model of HJ99
was reestimated across several specifications and the evidence from the estimation methods
partially robust to weak instruments was interpreted on the basis of the Monte Carlo results.
The main conclusion is that both specifications relying exclusively on the linguistic variables
produce the results qualitatively consistent with HJ99. In the sample free from imputed
data most of the estimators produce positive but insignificant estimates of the coefficient on
the proxy for institutional quality. However, as the Monte Carlo experiments show LIML
and Jackknife estimators demonstrate inferior performance both on the bias, median absolute
error and RMSE criteria. This gives a rationale to rely on the evidence from TSLS and Fuller
- k estimators. However, for the purpose of inference the Fuller - £ might be preferable since
it performs best on both the RMSE and median absolute error criteria and furthermore has
lower size distortion. Based on the Fuller - k£ estimator the estimated coefficients on social
infrastructure are significant at any conventional level with the point estimates of 5.95 and
7.08 in the large and small sample respectively. Hence, one can discard the argument that
the HJ99 results are driven by reliance on the "geographical" instruments.

It stands to a reason to emphasize our finding that using the partially robust estima-
tors allows to utilize the linguistic variables to instrument for institutional quality despite
their low correlation with the endogenous regressor. This result is particularly important
for identifying partial effects of institutions and trade in view of Dollar and Kraay (2003)
argument who had shown that existing attempts to isolate partial effects using geography
related instruments suffer from serious identification problems.

To summarize, the Monte Carlo experiments suggest that in the case of HJ99 study
the TSLS and Fuller - k estimators are not plagued by either severe size distortion or bias
despite low values of first-stage F-statistics. In the specifications that rely exclusively on the
linguistic characteristics as instruments, the inference should be made on the basis of Fuller
- k or TSLS estimators. We find the linguistic variables to be relevant instruments for the
institutional quality. Relying on the latter estimators the coefficients on social infrastructure

are found to be positive, significant and actually somewhat higher that the estimates reported
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by HJ99. Hence, we find the evidence contradicting the criticism of Acemoglu et al (2001)
towards the HJ99 work.
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3.7. Tables and Figures

Table 3.1. First-stage F-statistics across specifications

Specification First-stage

F' statistic
i) Full sample (127 countries), 4 instruments 12.843
ii) Full sample (127 countries), latitude & FR tr.share 13.118
iii) Full sample (127 countries), languages 6.4995
iv) No imputed data (79 countries), 4 instruments 6.7206

v) No imputed data (79 countries), latitude & FR tr.share ~ 9.0664
vi) No imputed data (79 countries), languages 2.1178
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Table 3.2. Monte Carlo simulation results

k—class estimators Jackknife estimators
OLS TSLS LIML Fuller—k BTSLS JIVE UJIVE

Specification i.  (HJ99 full sample, 127 observations, 4 instruments); p = 0.391;

Av. % Bias 0.18716 0.00038 0.01275 0.00718  0.01091 —0.1411  —0.0313
RMSE 0.57265 0.2048 0.21627 0.20966  0.21547 0.46973 0.24818
SIZE 0.001 0.974 0.98 0.976 0.976 0.79 0.98
Specification ii)  (HJ99 full sample, 127 observations, Distance/FR tr.share); p = 0.452;

Av. % Bias 0.21938 0.00244  0.00563  0.00463 0.00244  —0.1698 —0.0369
RMSE 0.66804 0.27411  0.28069  0.26991  0.27411  0.57736  0.33411
SIZE 0 0.972 0.983 0.978 0.972 0.836 0.985
Specification iii) (HJ99 full sample, 127 observations, languages); p = 0.485;

Av. % Bias 0.23793 0.00215  0.01856  0.00289  0.00215  —0.3078 —0.083558
RMSE 0.72301 0.37207  0.39523  0.36123  0.37207  0.99496  0.55044
SIZE 0 0.974 0.97 0.972 0.974 0.75 0.996
Specification iv) (Sample with no imputed data, 127 observations, 4 instruments); p = 0.415
Av. % Bias 0.1956  0.00199 0.026224 0.01471  0.022731 —0.24868 —0.06136
RMSE 0.60356 0.26646 0.29361 0.2752 0.29515 0.79102 0.37653
SIZE 0.017 0.974 0.976 0.976 0.977 0.676 0.98
Specification v)  (Sample with no imputed data, 127 observations, 4 instruments); p = 0.453
Av. % Bias 0.21561 0.00023 0.01105 0.00413  0.00023 —0.236 —0.05793
RMSE 0.6623  0.30874 0.32225 0.30314  0.30874 0.77153 0.41605
SIZE 0.08 0.981 0.984 0.977 0.981 0.814 0.989
Specification vi) (Sample with no imputed data, 127 observations, 4 instruments); p = 0.516
Av. % Bias 0.2511  —0.00968 —0.05535 0.01748 —0.00968 —0.88724 —0.61603
RMSE 0.7662  0.59901 0.91229 0.53488  0.59901 2.7237 2.6992
SIZE 0 0.998 1 0.989 0.998 0.543 1

Note: Average per cent bias (Av % Bias), RMSE and SIZE (coverage rate for a 95% confidence

interval calculated as a proportion of replications when the confidence interval covers the true
parameter value) for the estimates of 5. Reported p indicates the average sample correlation
coeflicient between the endogenous regressor and the error term. The experiments rely on 1000
Monte Carlo replications and 1000 Bootstrap iterations.
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Table 3.3. Quantiles around (3 and median absolute errors: six specifications

Quantiles around B: specification i. (127 obs., 4 instruments) Median abs.
Estimator 0.10 0.25 0.50 0.75 0.90 error
OLS 3.4193 3.48 3.562 3.6447 3.7085 0.562
TSLS 2.7319 2.8573 2.9906 3.1346 3.2583 0.13899
LIML 2.6858 2.8164 2.9531 3.106 3.24 0.14443
Fuller - k 2.71 2.8363 2.9705 3.1201 3.2517 0.13985
BTSLS 2.6896 2.8203 2.9627 3.1082 3.2385 0.14237
JIVE 2.3146 2.4337 2.573 2.7173 2.8351 0.42582
UJIVE 2.6103 2.7447 2.9018 3.0646 3.1974 0.16469
Quantiles around B: specification ii. (127 obs., Dist/FR tr.s.) Median abs.
Estimator 0.10 0.25 0.50 0.75 0.90 error
OLS 3.5099 3.579 3.6595 3.7346 3.8089 0.65953
TSLS 2.6616 2.8221 2.9962 3.1946 3.3695 0.18401
LIML 2.6309 2.7942 2.9726 3.1772 3.3553 0.19206
Fuller - k 2.6775 2.833 3.0038 3.2023 3.3696 0.18359
BTSLS 2.6616 2.8221 2.9962 3.1946 3.3695 0.18401
JIVE 2.1512 2.3055 2.4819 2.6725 2.8454 0.5172
UJIVE 2.4955 2.6745 2.8792 3.1003 3.3009 0.23703
Quantiles around B: specification iii. (127 obs., languages) Median abs.
Estimator 0.10 0.25 0.50 0.75 0.90 error
OLS 3.5657 3.6326 3.7164 3.7931 3.8609 0.7164
TSLS 2.5143 2.743 2.9957 3.2463 3.4448 0.25267
LIML 2.4401 2.681 2.9406 3.2171 3.4196 0.26497
Fuller - k 2.5409 2.7662 3.0036 3.2588 3.446 0.25442
BTSLS 2.5143 2.743 2.9957 3.2463 3.4448 0.25267
JIVE 1.5958 1.8203 2.0774 2.3214 2.5267 0.9225
UJIVE 2.113 2.4102 2.7506 3.0737 3.3454 0.35911
Quantiles around B: specification iv. (79 obs., 4 instruments) Median abs.
Estimator 0.10 0.25 0.50 0.75 0.90 error
OLS 3.4076 3.4921 3.5864 3.6807 3.7679 0.58644
TSLS 2.6475 2.823 2.9995 3.1749 3.3261 0.17646
LIML 2.5543 2.733 2.9279 3.1105 3.2695 0.1915
Fuller - k 2.6015 2.7716 2.9644 3.1409 3.2932 0.18238
BTSLS 2.5641 2.7496 2.9371 3.1262 3.2943 0.18966
JIVE 1.9199 2.0882 2.2619 2.4333 2.5895 0.73787
UJIVE 2.3986 2.6088 2.8259 3.04 3.2351 0.24815
Quantiles around B: specification v. (79 obs., Dist/FR tr.s.) Median abs.
Estimator 0.10 0.25 0.50 0.75 0.90 error
OLS 3.4611 3.5561 3.644 3.7398 3.8254 0.64401
TSLS 2.6126 2.7767 3.0009 3.2075 3.3982 0.21733
LIML 2.5687 2.7346 2.9644 3.1856 3.3727 0.23094
Fuller - k 2.6399 2.7919 3.0121 3.2138 3.4032 0.20939
BTSLS 2.6126 2.7767 3.0009 3.2075 3.3982 0.21733
JIVE 1.9145 2.0789 2.2868 2.5042 2.6813 0.71302
UJIVE 2.3607 2.5635 2.8198 3.0878 3.3063 0.28739
Quantiles around B: specification vi. (79 obs., languages) Median abs.
Estimator 0.10 0.25 0.50 0.75 0.90 error
OLS 3.5757 3.6575 3.7525 3.8431 3.928 0.75247
TSLS 2.2287 2.5641 2.9747 3.3728 3.7433 0.39954
LIML 1.9652 2.3395 2.8431 3.293 3.7234 0.47655
Fuller - k 2.3891 2.6725 3.0521 3.4074 3.7452 0.37327
BTSLS 2.2287 2.5641 2.9747 3.3728 3.7433 0.39954
JIVE -0.40765 -0.032695 0.36074 0.71409 1.0726 2.639
UJIVE -1.3881 -0.11133 1.2284 2.4316 3.6523 1.938

Note: The experiments are identical to those reported in Table 3.2.
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Table 3.4. Estimation results, six specifications
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k—class estimators

Jackknife estimators

OLS  TSLS LIML  Fulle—k BTSLS JIVE  UJIVE

i) 127 obs; 4 inst  3.2801 5.0847  5.3003  5.2431  5.1855  4.7721  5.382
(0.196) (0.5079) (0.6760) (0.6332) (0.5564) (0.4554) (0.7046)

i) 127; Dist/FR 46698  4.7600  4.6919  4.6698 4.234  4.9118
(0.6763) (1.4348) (0.7562) (0.6763) (0.6319) (2.2469)

iii) 127; Languages 57981  6.2097  5.9513  5.7981  5.1492  6.8178
(1.6004) (3.2017) (1.3260) (1.6004) (1.1287) (16.162)

iv) 79; 4 instruments 3.0741 4.6612 52683  5.1423  4.8279  4.0898  5.1095
(0.253) (0.6121) (3.7255) (0.9958) (0.7347) (0.5586) (3.0471)

v) 79; Dist./FR tr.sh 3.9388  3.9751 3.9154  3.9388  3.3444  4.1239
(0.7048) (7.9828) (0.7330) (0.7048) (0.7700) (9.6542)

vi) 79; Languages 6.538  8.6454 7.082  6.538  4.5276  15.417
(5.1294) (26.941) (2.2586) (5.1294) (4.4353) (27.715)

Note: The dependent variable is log of income per capita. The regressors are a constant and a

proxy for social infrastructure. Depending on specification the instruments used include fraction
of population speaking a English at birth, fraction of population speaking a European language,
distance from the equator and Frankel and Romer (1999) predicted trade share. Standard errors are
given in the parenthesis. The standard errors are computed using a Bootstrap procedure described

in the text.
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Table 3.5. Testing overidentifying restrictions, six specifications

TR? test (@) Basmann test (¢p,)
TSLS LIML  Fuller—k  TSLS LIML  Fuller—&

1) 127 obs.; 4 instruments ~ 4.1767  4.0347 4.0442 4.1487  4.0031 4.0128
(0.2430) (0.2577) (0.2567) (0.2459) (0.2611) (0.2601)
ii) 127 obs.; Dist/FR tr.sh  1.377 1.3595 1.3694 1.3592  1.3418 1.3517
(0.2406) (0.2436) (0.2419) (0.2437) (0.2467) (0.245)
iii) 127 obs.; Languages 1.8229  1.6983 1.7448 1.8058  1.6807  1.72748
(0.177) (0.1925) (0.1865) (0.179) (0.1948) (0.1887)
iv) 79 obs.; 4 instruments ~ 6.4307  5.8243 0.8462  6.5575  5.8899 5.9139
(0.0924) (0.1205) (0.1193) (0.0874) (0.1171) (0.1159)
v) 79 obs.; Dist/FR tr.sh ~ 0.6153  0.61275 0.61975  0.5966  0.59409  0.60093
(0.4328) (0.4338) (0.4311) (0.4399) (0.4408) (0.4382)
vi) 79 obs.; Languages 2.1921 1.5775 1.8554 2.1691 1.5485 1.8279
(0.1387) (0.2091) (0.1732) (0.1408) (0.2134) (0.1764)

Note: The table reports TR? over-identification test statistics and Basmann’s test statistics in
the x? form. The tests results are reported for the residuals of the k-class regressions namely
TSLS, LIML and Fuller—k respectively. The p—values reported in the parenthesis are based on
asymptotic approximation. The dependent variable in the second stage IV regression is log of
income per capita. The regressors are a constant and a proxy for social infrastructure. Depending
on specification the instruments used include fraction of population speaking English at birth,
fraction of population speaking a European language, distance from the equator, and Frankel and
Romer (1999) predicted trade share.

Table 3.6. Bootstrap critical values for Basmann—LIML test of overidentifying restrictions

Specification 90% Crit. 95% Crit. 99% Crit. Basmann stat.
values values values Opas(kLivr)

i) Full sample, 4 instruments 7.3752 9.353 14.423 4.0031

ii) Full sample, latitude & FR tr.share 3.2166 4.564 7.7597 1.3418

iii) Full sample, languages 3.0171 4.3997 7.4694 1.6807

iv) No imputations, 4 instruments 6.2934 7.9244 11.602 5.8899

v) No imputations, latitude & FR tr.share 2.578 3.6441 6.4887 0.59409

vi) No imputations, languages 2.4323 3.5093 5.9893 1.5485

Note: The table repots a set of critical values for the LIML version of the Basmann’s test of
overidentifying restrictions and the corresponding test statistics for each of the six specifications
considered. The bootstrap procedure is described in the text.
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Figure 3.1. Kernel density estimates of beta: specifications i) and vi)
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Note: The figure reports distributions for the estimators of the coefficient on institutional quality
based on the kernel density estimation. The upper panel corresponds to the specification involving
all four instruments and the larger sample (127 observations). The lower panel reports the results
from the specification relying on the two linguistics instruments only and the sample free from
imputed data (79 observations). Left panels serve for comparison of the jackknive estimators with
some of the k-class estimators. The right panels present the distributions of all of the k-class
estimators considered. The details of the DGP and the estimators used are described in the text.
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