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Abstract

This thesis consists of three empirical essays on intemational macroeconomics. The first two
papers explore the empirical determinants of the current account in the short run and the long run, and the
third one is an study on the dynamics of durable consumption in Chile and Israel.

Chapter 1 studies the behavior of capital flows in the long run from the perspective of the open
economy neoclassical growth model. The empirical study involves a sample of 65 countries over the last
two decades, including cconomies at different stages of development and varying degrees of intemational
integration in goods and financial markets. The empirical study indicates that the pattem of international
capital flows can be satisfactorily explained within the context of the neoclassical model, in the sense that
overall the model explains about two thirds of the sample variability in the current account, and the
pattern of signs is consistent with theory. However, the degree of observed capital mobility falls short of
the implications of the open economy neoclassical model without factor price equalization. At face value,
point estimates indicate that about one third or less of "structural” differences between investment and
savings induces actual capital inflows (outflows), while the remaining two thirds require of adjustment in
domestic savings and domestic investment to close their gap. The conclusion is that even when capital
flows according to variables related to the neoclassical-life cycle modcl, the volume of flows falls shorn
of the predictions of the model.

Chapter 2 asks if current account deficits (surpluses) are a sign of overvaluation (undervaluation),
where overvaluation (undervaluation) is defined as a conditional predichon about the future path of the
real exchange rate based on the state of the current account. The empirical relationship between current
account imbalances and the dynamics of the reai exchange rate is estimated using vector auto regressions
techniques from a panel of 18 Latin American countries from 1950 to 1992. The identification of the
VAR system is obtained using plausible long run constraints as those of Blanchard and Quah (1989), but
leaving urirestricted the dynamic interactions between these variables in the short run. The first
identification scheme imposes the long run exogeneity of the net foreign asset position, which is the
cumulative result of trade imbalances, with respect to other unobservable disturbances in the system
which affect the long nun rcal exchange rate through the trade balance channel. The second identification
scheme takes the opposite view, assuming that the long run ¢xchange rate is exogenous to the long run
level of absorption in the economy, consistent with a view of the real exchange rate as fully determined
by supply side considerations. The estimation results indicate that trade imbalances help to detect
transitory componcis in real exchange rate movements, and the dynamics of the trade balance
correspond to what is expected from capital flows shocks: trade deficits on average are associated with an
overvalued exchange rate in the sense that a future rcal depreciation is expected and the capital transfer
shock accounts for a significant fraction of the transitory or cyclical variability of the real exchange rate,



between 40% and 60%, and for most of the variance of the trade balance. However, only a small fraction
of the overall variability of the real exchange rates, below 15% is explained by this shock.

Chapter 3 is an empirical study on the determinants of durable consumption in Chile and Israel.
The dynamics of durable consumptions are estimated separately for cach country using a structural VAR
approach identified through long run restrictions. The dynamics of the vector of aggregate consumption,
durable and non durable purchases, are decomposed in three types of shocks: a wealth shock, that affects
in a permanent way both components of consumption; a price shock, that reallocates consumption
between durables and non-durables; and an intertemporal substitution effect that shifts purchases, mainly
of durables, across time, but does not have long run effects on the consumption vector. The main
empirical results of the paper can be summarized as follows. First, the long run behavior of durable
purchases is estimated from a cointegrating relationship containing a wealth and a price trend. The
elasticity on the wealth trend is estimated to be above 1.0 in the cases of Chile and Israel, and the price
elasticity is estimated to be between -0.5 and -1.0. Second, the short run empirical dynamics of durable
purchases shows that stock adjustment is slow, much slower than predicted by the standard permanent
income modcl with no transaction costs. However, there is cvidence that the adjustment period is
characterized by an initial period of overshooting when most of the stock adjustment happens followed
by gradual convergence to its long run value. Third, the model shows that most of the variance in durable
purchases is accounted by permanent price and weath shocks, but substitution shocks account for a
significant component (0o, particularly in the case of Israel. Furthermore, the substitution shock on
durable purchases is significantly associated to financial variables like thce black market premium and
measures of capital flight showing the importance of speculative factors in the timing of durable
purchases.
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Tite: Ford Intemational Professor of Econornics

Thesis Supervisor: Jaume Ventura
Tide: Assistant Professor of Economics



Acknowledgments

In the process of completing this thesis and the Ph.D. program, I have accumulated debts with many
people and institutions which in the last five years have been involved in some way in this enterprise. |
came here looking to lcam more economics, but at MIT I discovered that the real goal was to leam how
to do economics. And this was the best place to leam. it provided the right tools and the ideal
atmosphere. I specially note the International Brcakfast and his master of ceremonies, Rudi Dombusch.
Every Wednesday moming for almost two years I enjoyed Rudi’s enthusiastic approach to economics,
his good humor, and his extraordinary ability tc sescue the main point of a paper project out of the
shadows of technical complexities. Also, after my second year, I was fortunate to work with Ricaido
Caballero both in a research project and as his teaching assistant. His door was always open to listen
some new research project and offer some hints on it. [ am also grateful to Jaume Ventura for his helpful
comments on this manuscript, and to Gary King who has efficiently helped toc complete all the Ph.D.
requirements, even though I was thousands of miles away from Cambridge.

I also had the good fortune of having Andrés A., Ilan G. and Lorenza M. as my classmates. We worked
together on many exams and problems sets through the first two ycars, and some time was left for
developing a friendship outside economics too: enjoying a cup of coffce at Au Bon Pain or going out on
those rare spare moments at MIT with Alejandro, Martina, and Gustavo. Ilana and Rodrigo Valdés have
been very close to us through the last years too, and I expect this friendship to continue in the years to
come, back home.

At home, Francisco Rosende, formerly my boss at the Central Bank of Chile, and Salvador Valdés from
P. Universidad Cat6lica de Chile played an important role when [ was starting this project, encouraging
me to apply to the Central Bank and to the MIT Ph.D. program. And at the Ccntral Bank, Nicolds
Eyzaguirre and Patricio Rojas provided me with some time out to finish this thesis when I desperately
needed it to meet the deadlines.

The Central Bank of Chile provided financial support for the first two years of the Ph.D. program, and
the World Economic Laboratory provided me with research funds too for the 1993 and 1994 summers.

I am also grateful to my father who tirelessly encouraged me to finish this project and provided me with
some financial support too. However, above all, I am very grateful to my wife Ximena. I was very
fortunate to have her at my side since the beginning of this project. She generously took care of all the
moral and material logistics involved in a demanding graduate program as this was, and tirelessly pushed
me to continue further when things went slower than I expected. I borrowed from her and our daughter,
Javiera, some precious time, which I hope to pay her back in the years to come.



Contents
Abstract
Chapter 1: Introduction

Chapter 2: International Capital Flows in the Long Run: Why
does Capital Flow from Rich to Poor Countries?
2.1 Introduction
2.2 A Neoclassical Model of the Current Account
2.2.1 Investment and the steady state stock of capital
2.2.2 Saving and the steady state stock of wealth
2.2.3 The current account and the steady state stock of forcign assets
2.3 Empirical Results on the Long Run Determinants of the Current
Account
2.3.1 Main Results
2.3.2 Other Variables
2.4 Measuring Capital Mobility
2.4.1 Identification and estimation
2.4.2 Altemative measures of capital mobility
2.4.3 Structural restrictions and instrumental variables
2.4.4 Results
2.5 Conclusions

Chapter 3: Current Account Imbalances and Real Exchange
Rate Dynamics
3.1 Introduction
3.2 Implications of the Intertemporal Budget Constraint for the
Behavior of the Current Account
3.3 Econometric Issues
3.3.1 Identification Assumptions
3.3.2 Econometric Model
3.4 Empirical Results
3.4.1 Capital Flows and Real Exchange Rate Dynamics
3.4.2 Terms of Trade and Productivity Shocks
3.4.3 Nominal shocks
3.4.4 Individual Countries Results

10

14

14
18
19
21
24

26

27
35
38
38
41
42

46

59

59
62

2L

68
69
75
77
78



3.5 Conclusions

Chapter 4: Consumption of Durable Goods in Israel and Chile
4.1 Introduction
4.2 The Model of Durable Consumption
4.3 An Empirical Model for Durable Consumption
4.3.1 Long run properties
4.3.2 Dynamics
4.3.3 Estimation
4.4 Empirical Results
4.4.1 Israel
4.4.2 Chile
4.5 Conclusions

78

96

98
102
102
103
106
107
107
115
117



List of Figures

Figure 2.1: Avg. Current Account Deficit (%GDP) / Initial GDP per
Cépita

Figure 3.1: VAR(4): NX and RER

Figure 3.2: RER Dynamics: Instrumented K-shock
Figure 3.3: VAR(4): NX and RER

Figure 3.4:VAR(4): Y, TOT, NX and RER

Figure 3.5: VAR(4): Y, TOT, NX, RER and P

Figure 4.1: Israel 1979-1992

Figure 4.2: Chile 1980-1993

Figure 4.3: Israel Impulse Response Function Model I
Figure 4.4: Isracl Impulse Response Function Model II
Figure 4.5: Israel - Impulse Response Function Model III

Figure 4.6a: Isracl - Durable Purchases: shock history from 1985:3-
1988:4 - Base Forecast at 1985:2 Model III

Figure 4.6b: Israel - Durable Purchases: shock history from 1988:1-
1988:4 - Base Forecast at 1987:1 Model I1I

Figure 4.7: Chile - Impulse Response Function Model I

55

87
88
89

91
126
126
127
128
129
130

131



List of Tables
Table 2.1: Unit Root Tests

Table 2.2: Regression Results - Dependent Variable: Current Account
Surplus (%GDP) - Avg. 70-90

Table 2.2: Regression Results - Dependent Variable: Current Account
Surplus (%GDP) - Avg. 70-90

Table 2.4: Correlation Matrix of Variables

Table 2.5: Measures of Capital Mobility

Table 3.1: Unit Root Tests

Table 3.2.1: VAR(4) estimate - Real Exchange Pate and Net Exports

Table 3.2.2: Variance Decomposition - Real Exchange Rate and Net
Exports

Table 3.2.4: Permanent and Transitory Components - Real Exchange Rate
and Net Exports

Table 3.3.1: Variance Decomposition - Real Exchange Rate and Net
Exports

Table 3.3.2: Permanent and Transitory Components - Real Exchange Rate
and Net Exports

Table 3.4.1: VAR(4) estimates - Real Exchange Rate, Net Exports,
Productivity and Terms of Trade

Table 3.4.2: Variance Decomposition - Real Exchange Rate, Net Exports,
Productivity and Terms of Trade

Table 3.4.3: Permanent and Transitory Components - Real Exchange
Rate, Net Exports, Productivity and Terms of Trade

Table 3.5.1: Variance Decomposition - Real Exchange Rate, Net Exports,
Productivity and Terms of Trade

Table 3.5.2: Permanent and Transitory Components - Real Exchange
Rate, Net Exports, Productivity and Terms of Trade

Table 3.6: Individual Countries Results - Summary of Results Related to
Capital Flows Shock

47
48

49

50
51
80
80
81

81

82

82

83

84

84

85

85

86



Table 4.1: Non Duratle (c) and Durable (x) Consumption Basic Statistics 119

Table 4.2: Univariate Process: Axt 119
Table 4.3a: Unit Root Tests - Israel 120
Table 4.3b: Unit Root Tests - Chile 120
Table 4.4a: Long Run Properties: Cointegration - Israel 121
Table 4.4b: Long Run Properties: Cointegration - Chile 121
Table 4.5a: Short Run Dynamics: VAR(p) results - Israel 122
Table 4.6: Impulse Response Function - Israel 122
Table 4.7: Forecast Variance Decompositicn - Israel 123
Table 4.8: Financial Variables and Structural Innovations - Israel 123
Table 4.9: Short Run Dynamics: VAR(p) results - Chile 124
Table 4.10: Impulse Response Function - Chile 124
Table 4.11: Forecast Variance Decomposition - Chile 125
Table 4.12: Financial Variables and Structural Innovations - Chile 125



1 Introduction

This thesis consists of three empirical essays on intcrnational macroeconomics. The first two
papers explore the empirical determinants of the current account in the short run and the long run, and the
third one is an study on the dynamics of durable consumption in Chile and Israel.

Chapter 2 studies the behavior of capital flows in the long run from the perspective of the open
economy necclassical growth model. Is the failure of intemational capital to flow to poor countries an
equilibrium phenomena, i.e. 2 consequence of differences in technology, market distortions and other
factors which affect the profitability of investment or the savings rate; or is it related to limited
integration of world trade and capital markets, as proposed by Feldstein-Horioka?. We estimate an
empirical model of long run capital flows on a set of variables related to the neoclassical-life cycle model
to evaluate if this is the approprate framework to understand the pattern of intermational capital
movements observed in the world economy. The empirical study involves a sample of 65 countries,
including economies at different stages of development and varying degrees of intemational integration
in goods and financial markets, and covers the last two decades.

Analogously to the empirical literature on growth, we find that once structural factors related to
the steady state level of output, like the initial endowment of human capital or market distortions, are
controlled for the role of convergence factors on the determination of the current account increases. These
control variables exercise a strong and significant effect on capital flows and the dircection of their effects
is according to theoretical presumptions. A higher level of human capital tends to increase capital
inflows, and market distortions or political instability tend to decrease them. Variables related to savings
like the social security system, the growth rate, and the intergenerational distribution of resources have an
important role on the determination of the capital flows. Overall, the model explains about a two thirds of
the sample variability in the current account, and parameter estimates are robust to aiternative
specifications of the model.

The empirical model provides the basis to estimate a measure of the degree of capital mobility in
the same spirit of the work by Feldstein and Horioka (1980) and others. We estimate the fraction of the
"structural" difference between domestic investment and savings which becomes a current account
imbalance - one under perfect capital mobility and zero under no capital mobility. This fraction is closely
related to the Feldstein-Horioka measure of capital mobility through simple manipulations of the basic
national account identitics. The main challenge for identification is to find instruments that on a priori
grounds shift only the investment schedule or the savings schedule, the empirical model of the cument

account provides a set of relevant variables as potential instruments.

The evidence on capital mobility is consistent with the relaiively low degree of intemational
capital mobility indicated by traditional FH measures. At face value, point estimatcs indicate that about
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one third or less of "structural” differences oetween investment and savings induces actual capital inflows
(outflows), while the remaining two thirds require of adjustment in domestic savings and domestic
investment to close their gap. The conclusion is that even when capital flows according to variables
related to the neoclassical-life cycle model, the volume of flows is small compared to the implications of
the one good neoclassical model.

Chapter 3 studies an old topic on international economics: the relationship between intemational
capital transfers and tiie real exchange rate or terms of trade fluctuations. The main empirical question
addressed on this paper is whether current account deficits (surpluses) are a sign of overvaluation
(undervaluation), where overvaluation (undervaluation) is defined in the sense that conditional on the

state of the current account we can expect a future movement of the real exchange rate.

The empirical relationship between current account imbalances and the dynamics of the real
exchange rate is estimated from a panel of 18 Latin American countries from 1950 to 1992. However, the
interpretation of the estimation results requires to take into account the endogenous nature of the current
account and the real exchange rate determination. The pattemn of correlation between these two variables
depends on the specific source of the exogenous disturbance affecting them. Identification cannot be
achieved imposing the contemporaneous exogeneity of either the current account or the exchange rate
innovations as it is done commonly in VAR analysis, but requires of an alternative set of restrictions. We
identify the VAR system using plausible long run constraints as those of Blanchard and Quah (1989), but
leaving unrestricted the dynamic interactions between these variablcs in the short run.

A simple model of the joint determination of the current account and the real exchange rate
suggests two sources of fundamental shocks to the real exchange rate: “capital account” or demand
shocks, that affect the real exchange rate because they affect the equilibrium level of absorption relative
to output; and "trade account " or supply shocks that affect the equilibrium real exchange rate for a given
level for the trade balance. We explore two altemnative schemes to identify these shocks based on long
run constraints. The first scheme imposes the long run exogeneity of the net foreign asset position, which
is the cumulative result of trade imbalances, with respect to other unobservable disturbances in the
system which affect the long run real exchange rate through the trade balance channel. In a sense, this
assumption moves the dichotomy between the “"absorption” and the “elasticities” approach to the trade
balance from the short run to the long run, and argue that in the long run the absorption level of the
economy can be considered independent of the real exchange rate level. The second identification scheme
takes the opposite view, assuming that the long run exchange rate is exogenous to the long run level of
ahsorption in the economy, consistent with a view of the real exchange rate as fully determined by supply
side considerations.
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The estimation results indicate that trade imbalances help to dctect transitory components in real
exchange rate movements, and the dynamics of the trade balance correspond to what is expected from
capital flows shocks: trade deficits on average are associated with an overvalued exchange rate in the
sense that a future real depreciation is expected and the capital transfcr shock accounts for a significant
fraction of the transitory or cyclical variability of the real exchange rate, between 40% and 60%, and for
most of the variance of the trade balance. However, only a small fraction of the overall variability of the
real exchange rates, below 15% is explained by this shock.

Chapter 4 is an empirical study on the determinants of durable consumption in Chile and Israel.
Understanding the empirical behavior of durable purchases is important because it represents the most
volatile part of private consumption, and it is a major fraction ¢. consumption goods imports in
developing countries. Furthermore, at least theoretically, its behavior should be very different from non-
durable consumption. Fluctuations on durable purchases should be highly predictable, and largely
transitory, while non-durable purchases should follow approximately a random walk, and therefore its
fluctuations be unpredictable.

One interesting and related question is to understand the behavior of durable purchases in major
stabilization programs anchored in the nominal exchange rate. Two recent studies of exchange rate-based
stabilization programs (ERBS's) implemented in Latin America and Isracl point out the puzzling
expansionary effects of these programs. Large increases in private consumption -- particularly, on durable
consumption-- are observed at the beggining of these programs, while a recession comes only at a second
stage of the program. (Kiguel and Liviatan (1992) and Vegh (1992)). Two of the leading hypothesis
offered to account for the pattem of response of private consumption through ERBS’s: permanent income
revisions and expectations of abandonment of the nominal peg, have distinctive predictions on the
behavior of durable consumption through the stabilization process. If abandonement expectations drive
the behavior of durable goods in ERBS s, we expcct booms in durable purchases (o be short lived and
largely reversed after a few periods, and without impact on the long run stock of durable goods.
Furthermore, we expect a positive correlation of financial variables measuring devaluation expectations
and durable purchases. In contrast, when permanent factors as wealth revisions or expansions on credit

availability drive the boom, we expect a pecmanent change in the stock of durable goods.

The dynamics of durable consumptions are estimated separatcly for cach country using a
structural VAR approach. Using the methodology pioneered in papers by Blanchard and Quah (1989),
Shapiro and Watson (1988) and King, Plosser, Stock and Watson (1989), long run restrictions identify
the structural VAR system. In the first stage, the long run cointegration vector that links durable and non
durable consumption is estimated, identifying the "deep” parameters that describe consumer preferences.
In the second stage, the dynamics of the vector of aggregate consumption are estimated, imposing the

long run relationship found in the first stage. The dynamics are dccomposed in three types of shocks: a
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wealth shock, that affects in a permanent way both components of consumption; a price shock, that
reallocates consumption between durables and non-durables; and an intertcmporal substitution effect that
shifts purchases, mainly of durables, across time, but does not have long run effects on the consumption
vector.

The main empirical results of the paper can be summarized as ioilows. First, the long run
behavior of durable purchases is estimated from a cointegrating relationship containing a wealth and a
price trend. The elasticity on the wealth trend is estimated tc be above 1.0 in the cases of Chile and Isracl,
and theprice elasticity is estimated to be between -0.5 and -1.0. Second, the short run empirical dynamics
of durable purchases shows that stock adjustment is slow, much slower than predicted by the standard
permanent income model with no transaction costs (Mankiw, 1982; 1985). Durable purchases appear to
be positively correlated in the short run, contradicting the negative correlatior predicted by the standard
model. However, there is evidence that the adjustment period is characterized by an initial period of
overshooting when most of the stock adjustment happens followed by gradual convergence to iis long
run value. Third, the model shows that most of the variance in durable purchases is accounted by
permanent price and wealth shocks, but substitution shocks account for a significant component too,
particularly in the case of Israel. Furnthermore, the substitution shock on durablc purchases, which in
practice corresponds to surges or depressions in durable purchases not accompanicd by changes in non-
durable consumption, is significantly associated to financial variables like the black market premium and
measures of capital flight showing the impornance of speculative factors in the timing of durable
purchases.

The complexity of the dynamics revealed by the empirical estimates indicates how difficult is to
provide the right account of the developments in durable purchascs just from looking to the series. In the
case of Israel. the structural VAR empirical model is used as a filter to discntangle the particular shocks
hitting the economy during the stabilization program initiated in 1985, and provides an historical account
of the leading shocks through the period. The estimates indicate that the initial expansion observed in
durables through 1986, two quarters after the stabilization program started, is within normal levels once
the special dynamics of durable goods are taken into account, and other structural variables like prices
and permanent income are included in the regression. However, substitution cffects start appearing
towards the end of 1986 and continue cver the next two years. Indeed, the obscrved surge in durable
purchases precedes actual devaluations of the Israeli currency. The abandonment expectation hypothesis,
stressed by Calvo (1986, 1991, 1992) and Drazen (1990) among others, do not appear to explain the
initial period of expansion, but explains why it sustained in a later stage as the govemment delayed for
political reasons a necessary and, according to observers, expected devaluation (Bruno, 1993).

13



Chapter 2

Internationall Capital Flows in the Long Run: Why does
Capital Flow from Rich to Poor Countries?

2.1 Introducticn

This chapter studies the empirical determinants of international capital flows in the long run.
Simple neoclassical models of trade and growth predict that capital should flow from rich to peor
countries until equality in output per worker is achieved. If two countries producing the same good with
the same constant retumns to scale technology defined on homogeneous capital and labor inputs have
different levels of produciion per worker, they must have different levels of capital per worker, since
every thing else is ruled out. The Law of Diminishing Retums implies that the retun of capital is higher
and wages are lower in the poorer economy, then if trade in goods and capital is free, new investment
should be allocated primarily in the poor economy until equality in factor returns is achieved. The strong
convergence property predicted by these models contrasts with the large productivity differences
observed across the world economy and the low volume of intemational capital flows (Lucas, 1990).
There is some investment going from rich economies into poorer economies but the size of capital flows
clearly falls short of theory's prediction. Lucas (1990) suggested that physical capital fails to flow to poor
countries because of their relatively poor endowments of complementary human capiml.l He shows some
back of the envelope computations about the importance of human capital in the determination of capital
yields, but no formal testing of the hypothesis is done against a broad sample of developed and
developing countries. Evidence from the empirical growth theory suggest that govemment distortions,

'He assumes that human capital accumulation directly increases the effective supply of labor and indirectly
improves tecknology through exterial effects.

sing the textbook neoclassical growth model based on a naive Cobb-Douglas production function and assuming
a capital share equal to 9.4, Lucas (1990) estimates the marginal product of capital in India ought to be roughly
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large differences in the relative price of capital, the lack of complementary public invesiment, political
instability and threats to property rights, and other factors which cause differences on the private
productivity of capital are important determinants of persistent differences in cross country output levels
or in their growth rates (Barro, 1991; Mankiw, Romer and Weil 1992, DeLong and Summers 1991,
1993), Jones (1994) and others), and they should be important too in explaining why capital fails to flow
from rich to poor countries.

Cther factors related to the determination of the savings rate should be important too to explain
the pattern of international capital movements. Taylor and Williamson (1994), for example, present
evidence that a large share of the late nineteenth century capital flows from Britain to the New World,
roughly three quarters according to their preferred estimate, could be accounted by demographic factors.
And the life cycle theory of wealth accumulation suggest several other variables which could affect the
volume of secular capital movements through their effects on the long run saving rate, i.e. the generosity
of the social security system, the age of retirement, the extent of borrowing constraints at the consumer

level, eic..

However, it must be recognized that there are substantial barriers to intemational trade in goods
and assets which may prevent actual capital flows to resemble anything close to the predictions of the
neoclassical model. Because of transport costs, tariffs and quotas and other barriers, intemnational trade
involves only a narrow set of goods and services, and capital transfers must go through that narrow
window, which limits the substitutability between domestic savings and extemal savings as sources of
funds for investment. Or because of sovereign country risk or information asymmetries between
foreigners and residents or govermment regulations, the allocation of funds is biased towards home
markets.

Most capital flows to developing countries, for example, 4o not originate in private intemational
capital markets. According to the IMF classification of developiny countries by type of creditor, only 27
countries out of 130 are counted in the market borrowers group which owe at least two thirds of their
external obligations to commercial creditors. Most developing countries (71) fit the official borrowers
definition owing more than two thirds of their total external obligations to official agencies, and the rest
corresponds to diversified borr‘awers.3 This composition of debt suggests that international politics,
strategic factors, former colonial links or humanitarian reasons could be more important determinants of
international capital flows than those factors pointed out by the reoclassical model or the life cycle model.
Even within industrial countries, which presumably are much closely integrated than developing countries,
the close correlation of saving and investment rates across industrialized economies, for example, suggest

58!! times that of United States. However, after adjusting relative factor endowments for heterogeneity in labor
force quality the yield differential almost disappears.
3See the siatistical appendix in World Economic Outlook (1994).
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that the main source of funds for domestic investment is domestic savings, both on average and at the
margin (Feldstein and Horioka, 1980; Feldstein, 1984; Feldstein and Bacchetta, 1991).

This paper studies the behavior of capital flows in the long run from the perspective of the open
economy neoclassical growth model.* Is the failure of international capital to flow to poor countries an
equilibrium phenomena, ie. a consequence of differences in iechnology, market distortions and other
factors which affect the profitability of investment or the savings rate; or is it related to limited
integration of world trade and capital markets, as proposed by Feldstein-Horioka?.

Answering these questions has enormous importance to understand the workings of growth in the
open economy, and to answer other related policy oriented questions. Perfect capital mobility, for
example, implies rapid convergence, so cross country differences in output per capita that persist across
time must be interpreted primarily as equilibrium differences, a consequence of differences in technology
or in the availability of complementary fixed factors, and not as evidence of lack of capital. Under perfect
capital mobility, the only relevant policies to increase capital formation and increase domestic wages are
those oriented to eliminate distortions that decrease the profitability of investment. Other policies
oriented to increase domestic savings as public savings, financial or social security reform or taxes and
subsidies will be ineffective to this end. Similarly, foreign aid is not an effective tool to increase capital
formation, or if it does is an inefficient utilization of resources, as residents will be better off if they could
increase their consumption level. Conversely, if capital mobility is limited, extemal savings will not
substitute one for one domestic savings as a source of funds for investment, and policies oriented to
increase domestic savings and promote a closer integration in trade and asscts markets will be effective
ways to increase domestic capital formation.

Section 2.2 presents a basic moa:l of the cumrent account balance (or alternatively, the capital
account balance) for a small open economy where intemational trade in final goods does not achieve
factor price equalization. The model is based on the contribution of Matsuyama (1987) and describes the
dynamics of investment, savings, and their difference: capital inflows (outflows), for an open economy
working under the standard assumptions of the neoclassical model of growth. Investment is modeled
along the lines of g-theory, and savings follows the life cycle-permanent income model. Intemational
capital passively flows in or out filling the gap between domestic investment and domestic savings at the
exogenously given international interest rate.

The theoretical model makes a distinction between steady state capital flows and convergence
capital flows. Steady state capital inflows (outflows) in a4 growing economy reflect permanent differences
between the steady state stock of capital and the steady state stock of non human wealth in the hands of

“The empirica! study focuses on medium and long run issues, five or more years averages of net capital transfers,
leaving aside cyclical factors.
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residents. The long run stock of capital depends among other variables on the technology available in the
country, market distortions and the endowment of complementary production factors; while the long run
stock of wealth depends on intertemporal preferences, the age structure of population and the
intergenerational distribution of resources and other variables pointed cut by the life cycle model.
Convergence capital flows oﬁginate on deviations of the initial level of capital or the initial level of
wealth from their long run positions. The neoclassical prediction that capital flows from rich to poor
countries is a property of convergence flows, but proper testing of this prediction requires to control for
heterogeneity in the steady state position across countries. Analogously to the empirical growth literature,
convergence flows rilust be defined in a conditional sense, each country converges to its own steady state
position depending on its own structural characteristics. As discussed in section 2.2 failure to take into
account this heterogeneity will lead to underestimating the importance of convergence flows in the
determination of the current account. The empirical model of capital flows is an attempt to evaluate the
neoclassical model controlling for these structural differences across countries.

In section 2.3 we estimate an empirical model of capital flows on a set of variables related to the
neoclassical-life cycle model to evaluate if this is the appropriate framework to understand the pattern of
intemational capital movements;observed in the world economy. The empirical study involves a sample of
65 countries, including economies at different stages of development and varying degrees of international
integration in goods and financial markets, and covers the last two decades. The measure of capital flows,
the current account balance as percentage of GDP, is averaged through the period 1971-1990 to filter out
business cycle effects, so the study is based on the cross section dimension of the data only. An extension to
panel estimates is left for future work. Analogously to the empirical literature on growth, we find that
once structural factors related to the steady state level of outpat, like the initial endowment of huinan
capital or market distortions, are controlled for the role of convergence factors on the current account
increases. These control variables exercise a strong and significant effect on capital flows and the
direction of their effects is according to theoretical presumptions. A higher level of human capital tends
to increase capital inflows, and market distortions or political instability tend to decrease them. Variables
related to savings like the social security system, the growth rate, and the intergenerational distribution of
resources have an important role cn the determination of the capital flows. Overall, the model explains
about a two thirds of the samplé variability in the current account, and parameter estimates are robust to

altemnative specifications of the model.

The model of section 2.3 provides the basis to estimate in section 2.4 a measure of the degree of
capital mobility in the same spirit of the work by Feldstein and Horioka (1980), FH, and others. We
estimate the fraction of the "structural" difference between domestic investment and savings which
becomes a current account imbalance - one under perfect capital mobility and zero under no capital
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mobility. This fraction is closely related to the FH measurc of capital mobility through simple
manipulations of the basic national account identities.

The estimation procedure takes explicit account of some of the criticisms related to the
interpretation of the FH findings. One common criticism is that the correlation between investment and
savings corresponds to correlation between their fundamentais rather than evidence of imperfect capital
mobility, an identification problem. Indeed, there is a wide varic., of models that produce comovements
in savings and investment in response to exogenous disturbances (Obstfeld, 1985; Baxter and Crucini,
1989; Tesar, 1988).5 This criticism is specially valid for time scries evidence, but could affect cross-
sectional estimates too. A simple model in section 2.4 makes explicit the identification assumptions
necessary to interpret the FH coefficient and our coefficient as measures of capital mobility, and proceeds
to estimate a joint model of determination of investment and savings which provides this estimate and ic
robust to these problems. The main challenge for identification is to find instruments that on a priori
grounds shift only the investment schedule or the savings schedule, the empirical model of section 2.3
provides a set of relevant variables as potential instruments, and the model of section 2.2 motivates the
choice of restrictions on these variables.

The evidence of section 2.4 is consistent with the relatively low degree of international capital
mobility indicated by traditional FH measures. At face value, point estimates indicate that about one third
or less of "structural" differences between investment and savings induces actual capital inflows
(outflows), while the remaining two thirds require of adjustment in domestic savings and domestic
investment to close their gap. The conclusion is ihat even when capital flows according to variables
related to the neoclassical-life cycle model, the volume of flows is small, perhaps because of the low
degree of integration of markets across national frontiers or alternatively because international capital
flows take place through Hecksher-Ohlin trade. The main conclusions of the paper are presented in

section 2.5.

2.2 A Neoclassical Model of the Current Account

In this section we develop a simple model of the current account determination in an economy
which verifies the standard assu'mption of the textbook neoclassical model of growth: decreasing retumns
to scale, and exogenous population and productivity growth. The model emphasizes the investment-
savings approach to the current account for a small open economy. We assume that intemational capital
passively flows in or out filling the gap between domestic investment and domestic savings at the

STesar (1991) and Obstfeld (1993) survey the empirical literature and the criticisms of the FH measure of capital
mobility.
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external interest rate, and foreign goods are perfect substitutes of domestic goods which takes out of the
analysis exchange rate movements.

The model is based on the contribution of Matsuyama (1987). Investment is modeled along the
lines of g-theory, and savings follows the life cycle-permanent income model.

2.2.1 Investment and the steady state stock of capital

Consider a small open economy in a one-product world with perfect capital markets. The world interest
rate r* is given and for simplicity assumed to be constant over time.® The representative firm maximizes
its net present value given the production and investment technology:

- A o~ I .
V.= max | {AF (K,.L)-w,L,~ ql,(l + J(—'))}e" =0 ds
a.Ly’ K,

)

where A is a technological parameter, F( K.[) is a well behaved linear homogeneous production function
in capital and labor efficiency .units and J(//K) is an installment cost function with J(§+n+7v)=0,
J'(3+n+v)=0 and J’’>0, & is the depreciation rate, n is the rate of population growth and v is the rate
of technological progress. Technological progress is assumed to be labor augmenting and exogenous, as
in the standard neoclassical growth model. Labor, measured in terms of efficiency units, is supplied
inelastically and it is assumed to grow at the exogenously given rate n+y.

The steady state stock of capital is defined by the condition of equality between the private retum
to physical capital and the long run user cost:

Af'(k)=(r" +8)7
2

Two properties of this formulation are worth mentioning. First, the steady state capital stock and
its dynamics are independent of the savings side of the economy. Because of the assumption of full
integration between the home economy and the rest of the world, the stzady stock of capital (normalized)
is independent of the domestic savings rate and the rate of population growth which determine this
variable in the closed economy version of the neoclassical model. On the other side, any distortion to the

® The real interest rate has varied widely in the last decades, negative in the inflationary seventies, and positive
and very high in the early eighties. This variability, however, is not important in the empirical work as it is based
on the cross-section dimenssion of the data set not on the time series dimenssion.
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expected profitability of capital -- i.e. corporate taxes, expropriation risk, or distortions in the market for

investment goods-- leads to a recomposition of wealth allocation from domestic capital towards foreign

7
assets.

Second, the model has only one good and two production factors, an assumption which
immediately rules out factor price equalization through Hecksher-Ohlin-Samuelson, HOS, trade in final
goods. If instead we allowed trade in final goods with different factor intensities, retuns on capital
(wages) could be equalized across countries without requiring intemational capital movements. Because
the model above assumes that all differences on initial endowments create capital movements across
countries, it is an upperbound of actual flows in the real world where HOS trade takes place.

/nvestment flows can be written as a function of the relative price of capital, g, which under the
assumptinns of constant returns to scale and competitive labor and product markets is identical to Tobin's
q. and solves the differential arbitrage equation: (r* +8 )q = Af ‘(k) + ¢ . Normalizing the capital stock by
labor efficiency units, and linearizing its dynamics around the steady state, we get the following system
of linear differential equations:

k =[ 0 @ I(k -k )]
gl L=Ar" k) " +8 -(n+y+8)'PLq-P
i A3
where A'(.)=1/J"°(.).

Adding the transversality condition that g converges o its steady state value g, the equilibrium
relative price of capital can be written as a function of the distance of the current capital-labor ratio from
its steady state position: ¢ —§ = @(k — k), where @=n\X"'(n+y+8)", and n, is the absolute value of the
negative root of the second order polynomial on 7: n’—(r'+8)n—(f"E/f’Xn+y+8)?\.'(r'+8).s
Substituting out the equation for ¢, and solving the system we get an approximation for the trajectory of

the capital stock starting from k,:

k(t) =k +(k,—k)e "

"This property is non robust to some extenssions of the model. If a non wradable good is included in the model and
investment and consumption requires traded and non traded goods, the model becomes an hybrid between the
closed economy and the open economy neoclassical model. Each country converges to its own steady state level
of output which depends not only on its technology, but also on domestic preferences and other institutional issues
that affect the rate of national savings, and ouiput converges gradually even if investment has no adjustment costs,
because households smooth consumption in non raded goods (Brock and Turnovsky, 1994).

® The term (a v+ 8’7 can be neglected as it is a sraall number.
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which is independent of the saving side of the economy. From these expressions we can derive the
dynamics of the capital stock value, gk, around the steady state which will be an important element in the
determination of the current account as explained below:

qgk+gk=ng(-=,,)e ™k ~k)
)

The key parameter for the sign of this expression is the elasticity of the price of installed capital
with respect to deviations of the capital stock, ®tyx. This parameter determines whether the value of the
stock of capital, gk, is rising or falling as the economy accumulates physical capital. If this elasticity is
less than one and the economy starts from below the steady state level of physical capital, the value of
wealth stored in the capital stock rises as the economy accumulates capital towards its steady state value.
The counterpart of the rising capital stock, other things equal, is a rising level of external debt: a current
account deficit. The impact on the current account is reversed if this elasticity is above one.

The magnitude of this price elasticity relative to the critical value of one cannot be determined a
priori, but it can be shown that this elasticity is less or equal (in absolute terms) to —f*(k)k/ f’(k). The
price-stock elasticity can be above one if the elasticity of substitution is very low and the share of capital
is very high, but most likely it is below one, and the economy runs a current account deficit if it is poorly
endowed in capital. If the labor-capital substitution elasticity is close to one, for example, this inequality
is enough to show that the price-stock elasticity is less than one.’

2.2.2 Saving and the steady state stock of wealth

Aggregate consumption is modeled using an overlapping generations model with the Blanchard-Yaari
structure. This structure captures the effect of demographic and institutional variables on the medium and
long run savings rate, not modeled in the infinite horizon representative consumer version.

9Ammming a Cobb-Douglas production function with a capitai share equal to 0.4, a depreciation rate equal to 7%
a year, an international interest rate for capitai investment equal to 10% and a 3% anual growth rate for labor
efficiency units, there is only one parameter left to determine this price elasticity. We can calibrate this parameter
using the typical estimates of the convergence found in the empirical growth literature. Mankiw et al. (1992) and
Barro (1991) report cross-section estimates for the speed of convergence around 2% a year, but there is some
evidence of downward bias on their estimates due to the unaccounted correlation of country specific effecis and
the explanatory variables in growth regressions (Knight et al. (1993)). Panel estimates adressing this econometric
problem estimate the speed of convergence to be faster, in the range of 4% to 6% a year (Knight et al. (1993)).
Choosing a 3% a year rate of convergence, the mode! solves a price-stock elasticity equals to 0.5.
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At each instant, a fraction 8 of the population dies, and a new generation of size L,(0+n)d: is

bom, such that total population grows at rate n. Each consumer is bom with zero non-human wealth and
supplies labor inelastically, eaming wage income ® , and has a constant probability of death 6 ,

independent of its age. Consumers bomn at time z maximize the intertemporally separable log-utility
function:

I:ln(c' Ye P+ gg

(6)
subject to the intertemporal budget constraint:
¢;' =@ +(r'+0)a’ -¢'
()
where p is the discount factor. The optimal consumption policy can be shown to be:
c'=(p+0Xa'+h')
®

where a' (=qk’+b") represents the amount of non-human wealth in the hands of generation z, b

represents foreign assets and 4" human wealth. Aggregation across cohorts implies that total consumption
can be expressed as a fraction of total wealth in the economy:

C=(p+0)A+H)
)
where upper-case letters refer to the corresponding variable aggregated across the population. The
accumulation of (normalized) financial wealth or savings follows the differential equation:

:1=[(.-J—(r'+0)h]+(r' -pXa+h)-6a—(n+Y)a,

10
where lower case letters to the corresponding variable nommnalized per efficiency units.

If the stability condition r" <p+0+ v+ n holds, (normalized) financial wealth converges in the

longrunto a:
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_ [@-t +0)k]+(r -k
“= p+0+n+y-r '

(1)

where @ and & correspond to the steady state level for the wage and human wealth respectively. The
term in squared brackets is the long run impact of the life cycle component of savings on asset
accumulation. This term shows the average across population of the difference between current labor
income and permanent labor inceme. Higher output growth and population growth affect the savings rate
and the current account through this channel because they shift the intergenerational distribution of
resources towards the younger which according to simple versions of the life cycle model do all the
saving. Higher output growth has an opposite effect on saving as it increases the average gap between
permanent labor income and current labor income for everyone. However, most likely this effect is not
operative because borrowing constraints prevent young workers of consuming against their future labor
income. Similarly, fast rates of expansion in education tilts wealth distribution toward young workers,
where all the expansion takes place, and productivity gains are reflected disproportionately in the
eamings of young workers, inducing a positive aggregation effect on savings.

More elaborate versions of the life cycle model distinguish population growth from labor force
growth: fast labor force growth increases saving, but fast population growth tends to decrease the saving
rate as the proportion of dependent children raises, which could be interpreted as a portfolio substitution
effect from financial wealth accumulation to human capital accumulation. The proportion of retirees may
also increase the saving rate because of a bequest motive on savings and wealth accumulation.

Other well known effects which operate through the life cycle component of savings are the
fiscal budget and social security. A policy of persistent government deficits, shifts the burden of taxation
of a given path of govemment expenditures towards future generations, an intergenerational
redistribution of wealth, which tend 10 reduce savings. Social security benefits tends to flatten the income
path, which reduces private incentives of workers to accumulate assets to cover for their retirement
period.

The second term on the RHS shows the long run impact of intertemporal substitution on asset
holdings derived from the tilting effect of interest rates on the consumption path. This component

depends on intertemporal preferences across the population, income variability and precautionary savings
and other factors which affect p.

Next, we compute the dynamics of the system around the steady state. For simplicity, assume an
age independent distribution of income which implies that human weaith follows the differential
equation:
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;1=(r'+9—7)h—0.)
(12)

In the absence of taxes, labor income equals the wage bill which depends on the capital
endowment of the economy. Approximating the wage around the steady state and assuming a Cobb-
Douglas production function with a share a for capital we obtain:

w(t) =B +o(r +8)F(k,—k)e™

13)
where © = A(f(if)-f’(l?)l?) and we can solve the human wealth equation:
h(e) = —2 LU +8)g(ky ~ k)
r+e-y n+r+0-y
(14)

Substituting out equations (13) and (14) in the differential equation for financial wealth we find
the explicit solution for this variable around the steady state:

a(t) =G +(a~a)e™ +(k,—k)y,(e™ —e™)
15)
where n,=0+p and x, =a(r" +3)r +n,-y—-pXr +n,+06-y)"'7 20.

The first term on the RHS represents the effects on savings of deviations of wealth from its
steady state level. Consumption smoothing considerations predict that this convergence process is slow.
The second term shows the effects of the expected path of wages on savings when the capital stock
differs from its steady state value. If, for example, the economy starts from a capital stock level below
steady state consumers expect a positive trend on their labor income and spend on account of future
income, if they are able to borrow, running a current account deficit. This effect is reversed later as old
consumers pay their debts and financial wealth retums back towards its long run value.

2.2.3 The current account and the steady state stock of foreign assets

The long run level of foreign assets (debt) is obtained from the definition of non-human wealth:

8|

b=a-gk

(16)
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The current account surplus is identical to the change in the extemnal asset position of the country,
which in tum is the residual between wealth accumulaton by domestic residents and capital

accumulation:

b=a-qk-qk
an

Substituting out the corresponding expressions in (17) we arrive to the differential equation for
normalized foreign assets around the steady state, the "normalized” current account:

. T - - -
b(1) = -n,e”""(a, - @) ....l!(“" e )(ko -k)y+ng(-mr, e ™ (k—k)

n,—-Mn,
(18)

This equation summarizes the predictions of the model about the convergence component of the
current account. The first term on the RHS represents a wealth effect on the current account, if the level
of domestic assets is above its steady state the economy runs a current account deficit until assets retum
to their steady state level. The second and third term on the RHS show the effects on the current account
of deviations of the capital stock from its steady state value. The last term on the RHS shows the impact
on the current account of a portfolio substitution effect. Capital accumulation induces a recomposition in
the portfolio of domestic residents from foreign assets towards domestic physical capital. The key
parameter for the sign of this expression is the price-stock elasticity, which most likely is below one,
implying that the portfolio substitution effect induces a current account deficit if the economy is poorly
endowed in capital.

Arovund the steady state, the current account is approximated to the normalized current account
plus long run capital flows which keep the economy at its steady state position:

BIT =—n,¢™ (b, /5~ /7)+(n,e™™ —n,e"‘"{“ x'n -g(-=n,, )](ko/y-l?/y)+(n+y)5/y
27 'h

(19
Assuming the economy is growing, n+y>0, long run capital inflows depend positively on all

those variables which increase the profitability of investment and the steady state of capital, and
negatively in all those variables which increase the domestic rate of savings.

The prediction that capital should flow from rich to poor economies refers to convergence flows.
The definition of poverty refers to poorly capital endowed countries relative to their own steady siate



level of capital and not with respect to some common absolute level of capital. Lucas (1990), for
example, argues that consideration of differences in human capital endowments across countries can
reconcile the large differences in income per capita observed in thz world economy and the absence of
large intemnational capital flows. The implication is that proper testing of the importance of convergence
flows requires previously of controlling adequately for differences in the sieady state stock of capital,
otherwise they will be downward biased as it is likely a positive correlation between the steady state level
of capital, which caeteris paribus tends to increase capital inflows, and the initial level of capital, which
caeteris paribus tends to decrease capital inflows.

Summarizing, an empirical equation for the current account derived from the theoretical model

has the following form:
Ab,,; =c, +c,k, +¢,b, + CX,,
(20)

where Ab,,, is the current account balance for the T periods following t, X , is a vector that includes

those variables that control for the steady state of the system and the capital stock and net extemal asset
position capture convergence flows. Variables in X , are grouped in two subsets: investment related and
savings related, and includes among others proxies of human capital, market distortions, public
infrastructure, the relative price of capital, the age structure of population, output growth, the generosity
of social security system, the fiscal balance, etc.. We could also introduce variability in the intemational
interest rate which could differ across countries due to sovereign risk considerations.

2.3 Empirical Results on the Long Run Determinants of the Current Account

A previous question before examining the secular relationship between capital flows and output per
capiia is the proper definition of flows. The two altematives of comprehensive measures of capital
movements are the overall current account balance and the overall capital account balance. In theory, they
are identical, but in practice they are different due to errors and omissions in the recollection of data.
Because of the better qualily of trade statistics compared to financial statistics in the great majority of
countries, we have decided to use the current account deficit as the overall measure of capital inflows,
nomalizing it for GDP (both measured at current prices) and averaging it throughout the 1970-1989
period to filter out cyclical factors and have a measure of capital inflows in the long run. The choice
implicitly attributes all of the statistical discrepancy (6 transactions in the capital account, and it is
consistent, for example, with the phenomenon of capital flight prevalent in many Latin American
countries through the eighties, which goes as unrecorded financial transactions (acquisitions of foreign
assets by domestic residents). The current account itself has many other measurement problems, coverage
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problems within each country or problems of comparability across countries due to differences in
accounting practices. However, this type of problems are inevitable in any study of this nature that covers

a wide range of economies.

Figure 2.1 shows a plot of the average current account deficit as a percentage of GDP from 1971
to 1990 and the initial level of GDP per capita computed at international prices using the Summers and
Heston (1992) data set, for a panel of 114 countries, including industrial and developing countries.
Individual country observations and a smooth line that corresponds 10 a moving median of current
account deficits are shown in Figure 2.1. It is evident the existence of a weak negative relationship
between capital inflows and the initial levzl of output per capita, but there is substantial volatility around
this relationship that remains to be explained. Poor countries experience cuitent account deficits which
on average are equivalent to 4% to 6% of GDP, as the starting income level increases the magnitude of
the average current account deficit graduaily declines to converge to approximately 1%.1° Dividing
countries in quartiles according to their initial output per canita, shows that the relationship between this
variable and capital inflows is non monotonic. The lower quartile in the sample received on average
capital inflows equivalent to 3.6% of their GDP from 1971 to 1990, capital inflows were almost three
percentage points larger in the second quartile reaching 6.5% of GDP, and lower in the third and four
quartile, 3.0% and 1.3% respectively.

2.3.1 Main Results

This section estimates an empirical equation of the current account closer to the theoretical model
described in section 2.2, controlling for variables related to investment, savings and also to the degree of
financial and commercial integration. We start from a base model that we subsequently modify to include
additional variables and to test some specific hypothesis about the behavior of the current account in the

long run.

Table 2.2 shows regressions for the annual average (1971-1990) of the current account balance
with respect to GDP. The first six columns presents the results for a cross section of 65 countries, and the
last two columns excludes industrial countrics from the sample. The sample consists of the largest
number of countries for which I have been able to assemble data on the variables employed, only oil rich
countries were previously excluded from the sample on a priori grounds. The data set was assembled
from a variety of sources including among others Barro and Lee (1993), Summers and Heston (1992), the
World Bank's World Tables and Social and Development Statistics, the IMF, the United Nations and

10 may look paradoxical that the average line do not crosses the horizontal axis, who is lending if everyone is
borrowing?, but these are simple averagcs, not weighted averages.
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other sources. Means and standard deviations appear in Appendix 1; and a list of the countries in the
sample is in Appendix 2.

Because heteroskedasticity could be important across countries, the standard errors for the
coefficients are based on White's (1980) heteroskedasticity-consistent covariance matrix. These standard
errors do not differ greatly, however, from those obtained through ordinary least squares, nor do the
coefficients or standard errors differ from weighted least squarcs estimates using population and initial
GDP as weighting factors.

The inital specification of the equation includes the initial level of product per capita, the labor
growth rzte, a human capital proxy, the rate of GDP growth, the age dependency ratio and the fiscal
balance on the savings side and proxies related to market distortions. The implications of the coefficient
estimates for each of these variables are discussed below.

a. Initial level of GDP per capita

The initial level of GDP per capita (GDP70) proxies the incentives for convergence inflows coming from
imbalances in the relative capital endowments across countries, other things equal, higher output per
capita is associated to lower marginal profitability for capital which decreases incentives for capital
inflows. The initial level of income is an imperfect proxy of the ideal variable: the rate of retum of
capital, however, there are no obvious altematives. Using financial interest rates, for example, is a very
poor proxy of the physical rate of return, because financial repression and inflation severely distorts
financial returns, specially in developing countries. The initial capital stock is not directly available
either, and a previous effort to compute this variable from investment data using perpetual inventory
methods was unsuccessful, since for several countries in the sample the series on investment was not
long enough to eliminate the bias associated to imputing the initial value of the capital stock.

The estimated coefficient on GDP70 is positive and highly significant. Because GDP70 is
measured in thousands of 1980 US dollars at intemational prices (Summers and Heston v5.5), the result
in regression 1 of Table 2.2 means that an increase in per capital real GDP by $1.00{ lowers capital
inflows in 0.91% or GDP, doubling the slope obtained when regressing the c:urrent account against the
initial product alone. The sample range of variation in GDP70 from $431 to $17,290 "explains” a spread
of about 12 percentage points (the sample range of the average current account balance is -13.8% to
2.4%, with a mean of -3.41%). Including the square of GDP70 in the regression to capture a non linearity
in the relationship (not shcwn in Table I), delivered a negative coefficient on square output indicating
that the force towards capital inflows (the negative relationship between the current account deficit and
the initial level) attenuates as per capita GDP rises, however, the coefficient however was only
marginally significant (t=1.39), and did not have any significant impact on the rest of the coefficient
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estimates. The estimate of the coefficient in GDP70 from the sample cxcluding industrial countries
(regression 7 in Table 2.2) is practically identical to the coefficient in regression 1.

b. Human capital

Regressions of Table 2.2 indicate that capii:’ inflows are positively related to the proxies of human
capital (HUMANK), which corresponds to the educational attainment indexes computed by Barro and
Lee (1993) based on census data and interpolated through school enroliment data.'’ HUMANK is
measured in years, so the result in regression 1 means that an extra year of school in the adult population
increases capital inflows in 0.6 percentage points of GDP. The sample range of the school variable
“explains” a range of variation in the current account of about 7 percentage points. Given the strong
positive correlation between HUMANK and GDP70 (0.73), increases in HUMANK accoinpanied by an
increase in GDP70 are not systematically related to subsequent capital inflows. But increases in this
variable, with the initial level of output held fixed are highly correlated to subsequent capital inflows, and
viceversa.

Including proxies for human capital in the model helps to control for output differences not
related to differences in the relative endowment of capital, and for the profitability of marginal
investment which affects the incentives for capital inflows. The significant role of human capital proxies
in these regressions is consistent with the positive impact of human capital proxies in growth equations
and the large increase in the speed of convergence once the stock of human capital is controlled for.
Similarly, in these regressions the coefficient on initial output, which is a measure of the volume of
convergence flows, increases after the inclusion of a proxy for human capital.

One problematic aspect of the educational indices is how to add up across the different levels of
education to arrive to an overall index of human capital. HUMANK gives equal weights to all school
level. In a market economy, the ideal weights could be derived from relative wage structure across
educational segments, but we do not have the information necessary to build these weights. Including in
the regression indices distinguishing between primary (PSCHOOL), secondary (SSCHOOL) and high
school (HSCHOOL) instead of total schooling years in regression 4 of Table 2.2 indicates that the impact
of an extra year of high school on capital inflows is almost five times stronger than the impact of primary
or secondary school, although there is considerable imprecision on the point estimate. Since the rest of
the estimated coefficients stays unchanged, and the overall fit of the regression does not change either,
the distinction is dropped subsequently. Another proxy for human capital quality, life expectation at
birth, was included in the modei but its effect was very small and not significantly different from zero
(not shown in Table 2.2).

1See Barro and Lee (1993) for further details.
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c. Labor force and human capital growth

In the model of section 2.2 labor growth has an ambiguous cffcct on capital flows. Faster labor force
pulls up the rate of investment to kecp a constant capital-labor ratio, but similarly increases the rate of
savings to keep a constant level of wealth per worker. Further, lifc cycic models indicate that faster labor
growth increases the steady state level of assets per worker as young savers outnumber old retirees.
Regressions of Table 2.2 indicate that average capital inflows (current account deficit) are positively
related to the rate of growth in the labor force, an additional percentage point of growth in the labor force
increases capital inflows in 0.2% of GDP, but the coefficient however is not significant and explains a
very small amount of the current account as revealed by the standardized coefficients in regression 2,
which reestimate regression 1.

The same considerations apply to cxpansions in human capital (HGROWTH). Results in
regression 5 of Table 2.2 show that this variable has a positive and significant effect on the current
account balance, decreasing capital inflows, which is consistent with a positive aggregation effect on
savings.

d. Age structure

As suggested by life cycle models, the cocfficient of the age dependency ratio - population younger than
15 years old and older than 65 years old as a percentage of working-age population- in the regressions of
Table 2.2 is negative, and cxplains a relevant fraction of capital inflows as revealed by the standardized
coefficients in regression 3. However, there is substantial imprecision on the point estimate as re* “.iled
by its low t-statistic (t=-0.82). Including separatcly the percentage of population older than 6. jcars to
capture a bequest motive on savings delivered a positive coefficient on this variable (not shown in Table
2.2), according to expectations, but it was very small and non significant.

This findings confirm the results obtained by a number of authors on the role of demographics in
the determination of savings (Leff (1969), Ando and Modigliani (1957), Fry and Mason (1982)) and
more recent work by Taylor and Williamson (1994) in the context of capital flows in the late 19th
century. However, in contrast with the findings of the last two authors who claim that between one third
and all of the observed capital flows coming from England to the New World may have been attributable
to the high dependency in the periphery, the evidence for the contemporancous data shows a much
smaller role for demographics on the determination of capital flows.

d. Output Growth

The regressions reported in Table 2.2 show that the rate of growth of per capita GDP (YGROWTH) has
a positive and significant cffect on the cument account surplus, i.c. reduccs net capital inflows. This
results is consistent with the positive correlation between savings and growth documented in the
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empirical literature on savings, most recently by Edwards (1995), Carroll and Weil (1993) and Bosworth
(1993), and confirm one of the key implications of the life cycle model. The estimates indicate that an
additional percentage point of average growth increases the annual current account balance in 0.6% of
GDP per year.

In recent years, the new growth literature has reversed the interpretation of causality between
savings and growth, claiming that indeed reflects the correlation between investment and growth in a
world of approximately constant returns to scale. The additional assumption implicit in this interpretasion
is that most economies work in isolation from the rest of the world, because opening the economy breaks
the identity between investment and savings. Recent evidence based on causality tests repornted by Carroll
and Weil also supports the traditional life cycle interpretation of the positive correlation between savings
and investment, and the coefficient estimates of Table 2.2 are only slightly higher to the instrumental
variables coefficients estimated by Edwards (1995) in a series of saving equations.

e. Social security and the fiscal balance

Variable SSEC measures the generosity of Social Security benefits and is computed as the ratio of social
security benefits per person older than 65 ycars old with respect to the consumption per person below this
age. This variable was built from 1980 government expenditures on social security and welfare as a
percentage of GDP (SSY) obtained from the IMF Government Statistics, the age structure of population
and the ratio of private consumption to GDP (CY) using:

SSY 1-pop,
CY-SSY pop,

SSEC =

2n

The proxy for social security benefits (SSEC) is positively and significantly related to capital
inflows as shown by estimates in Table 2.2. The interpretation is that high perceived benefits tend to
depress the rate of savings because they decrease the incentives of active workers 10 accumulate assets to
cover for their retirement period. The point estimate indicates that doubling the generosity of sccial
security benefits, around the mean value, increases capital inflows about one percentage point of GDP per
year. The mean value for this variable in the sample is 1.35, and the range of variation in the sample goes
from almost 0 to 4.7, indicating that this variable could explain almost three percentage points of the
average current account variability in sample.

Data on the consolidated public sector surplus was obtained from Easterly, Rodriguez and
Schmidt-Hebbel (1994), and completed with daia from the IMF government statistics to compute the
average public sector surplus from 1970 to 1989 as a percentage of GDP. The regressions in Table 2.2
show that the public sector surplus (SGOV) has a positive and marginally significant impact on the
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current account balance. The coefficient estimates indicate that an additional point in the fiscal surplus as
a percentage of GDP increases the current account balance between 0.13 and 0.28 percentage points,
depending on the sample and regression specification. It is intcresting to note that the inclusion of
additional variables in the current account model, specially the inclusion of GDP70, significantiy reduces
the impact and significance of the fiscal budget on the current account. The simple correlation between
both variables in the sample is 0.55, but drops to 0.27 after the inclusion of the siarting level of GDP.

There is a theoretical debate about the role of public savings as an additional determinant of
savings, and therefore capital flows. Under the extreme assumpions of Ricardian equivalence the
distinction between private and public savings should not bc important. The assumptions that validate
this hypothesis are extreme and the empirical evidence indicates that most likely govemment savings has
an impact on total savings and thercfore on capital inflows, although not one for one. Surprisingly, these
estimates indicate that the impact of the fiscal budget on the current account is relatively smali, in fact in
most regressions of Table 2.2 the Ricardian equivalence hypothesis of zero impact of the fiscal deficit on
the current account cannot be rejected at the 1% significance level. This finding seems to contradict
evidence reporied by Corbo and Schmidt-Hebbel (1991) on the strong impact of public savings in
aggregate savings, but it can be reconciled under an altemative interpretation in 2 world with limited
capital mobility, where additional flows of savings tend to stay at home increasing domestic investment,
instead of flowing abroad (the Feldstein-Horioka finding). We come back to this subject on the next
section.

f. Market Distortions

The next two variables in Table 2.2 the black market premium (BMP) obtained from Barro-Lee (1993)
and a weighted measure of import tariffs (TARIFF), obtained from Lec (1993) proxy for market
distortions. Estimates across Table 2.2 indicate a positive and significant cffect of both variables on the
current account balance, implying that they tend to reduce average capital inflows. The coefficient on the
black market premium on regression 1 indicates that a onc standard error (68 percentage points) in this
variable is associated with a rcdixction in capital inflows of about half a percentage point of GDP. Overall
the sample, the range for BMP spread about 3.8 percentage points of variability in the current account.
Similarly, the TARIFF coefficient indicates that a one standard error (18 percentage points) increase in
this variable reduces capital inflows in about half a percentage point and the range for this variable
spreads about 3.9 percentage points.

This evidence is consistent with findings reported in the empirical growth literature on the
negative impact of the same or similar measures of distortions on the average growth per capita.
Presumably market distortions reduce the productivity of capital and increase the cost of capital, which
for a given level of initial product tends to reduce incentives for investment and therefore for capital
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inflows. The inclusion of govemment consumption, another variable commonly used in the growth
literature as a proxy for govemment distortions (Barro, 1991), delivered a practically zero coefficient.

An altemative interpretation of the positive association between capital inflows and these two
variables comes from potential sources of measurcment error in the current account. High impont tariffs
may be associated to extended smuggling practices and sysicmatic underreporting of imports. which
automatically tends to increase the reported trade balance and the current account balances. The existence
of a black market premium on the other hand may be systematically associated to underreporting of
export revenues, which tends to operate in the opposite direction of our findings. The significance of the
black market premium may be related to the use of the official exchange rate to compute the current
account balance (reported in US$) with respect to GDP, instcad of a shadow market value, some
weighted average between the official rate and the black market rate depending on the relative coverage
of the official market. For example, if net borrowers systematically impose restrictions to exchange
markets, the correlation may reflect the fact that the use of the official rate tends to blow up the current
account measure.

8. Cross-country variation in the price of capital

There is substantial evidence of wide differences in the price of capital across countries and the robust
and systematic association between investment performance and cross country differences in the price of
capital (Barro (1991), De Long and Summers(1991 and 1993), and Jones (1994)). De Long and Summers
(1991, 1993) and Jones (1994) show that high relative prices for investment goods - relative to the
domestic price of domestic consumption goods- reduces the investment ratio affecting negatively growth
performance. Recently, Higgins(1994) has argued that most of the income differences between
developing countries and developed economies can be traced back to important differences in the relative
price of capital which is systcmatically higher in poorer economics, that is they are equilibrium
differences which do not induce capital flows.

For our purpose it is necessary to distinguish between cross country variations in the price of
investment goods as compared (o the intemational price of investment goods (pi/pi*), and differences in
the relative price of investment goods with respect to consumption (pi/pc). Increases in the domestic
price of investment with respect to its intemational price directly reduces the profitability of investment,
decreasing the intensity of convergence flows for a given initial position and the stock of capital at the
steady state, which in tum reduces the steady state current account deficit, or altematively increases the
steady state current account surplus. However, increases in the relative price of investment goods with
respect to consumption may increase capital inflows as the value of wealth accumulated in that stock of
capital with respect to consumption increases, implying that residents need to accumulate less foreign
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assets to reach a given wealth target, or altematively they need more extemal funds to finance a given
stock of domestic capital, if their domestic wealth is not enough.

Regression 6 includes the relative price of capital with respect to intemational prices obtained
from the Summers-Heston PPP ratio for investment goods and the relative price of investment goods
with respect to consumption goods in domestic markets. Including direcuy the relative prices does not
affect at all the magnitude of the coefficient on the tariff measure or the black market premium, in fact we
cannot reject the hypothesis that both coefficients in relative prices are equal to zero. Further, the pi/pi®
variable has the wrong sign, indicating that a higher domestic price for investment goods attracts capital
inflows. Perhaps the problem derives from the simultancous determination of the current account balance
and the real exchange rate, large capital inflows tend to appreciate domestic goods with respect to foreign
goods (the real exchange rate) which preduces a positive association between capital inflows and relative
prices. The relative price of capital was entered as a deviation of the actual relative price of capital with
respect to the price predicted by a linear regression on the rcal cxchange rate, 10 capture deviations
beyond this common factor, but the results stood unchanged.

h. Political instability

The results in Table 2.2 show the systematic ncgative association between political instability and capital
inflows. The variable revolutions and coups obtained from Barro-Lee (1993) shows the average
frequency of violent govemment transfers through the period and indicates that a one standard error
increase in this variable decreases annual capital inflows in about one percentage point of GDP. Overall,
the impact of this variable on the current account is quitc important as revealed by the standardized
coefficients in regressions 5 and 10. Additional variabies related to intemal political instability like the
average number of political assassinations, and a war dummy if the country was involved in a conflict
between 1960 and 1990 (extemal instability), showed no significant impact on the current account once
the violent government transfer variable was included in the regression and were subsequently dropped.

i. Aid for development

Finally, the aid recipient dummy has a negative effect on the current account balance, but it is only
marginally significant. This dummy indicates if the country rcceives a significant amount of foreign aid
in terms of direct transfers or concessional loans, defined as aid flows beyond 2.5% of GDP, was built
from United Nations and World Bank data. International transfers do not affect our measure of capital
inflows as they are included in the current account measure, but this measurc does not make a distinction
between soft loans, at concessional interest rate and maturity terms, and market loans.
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Standardized coefficients and robus:ness

The standardized coefficients for the overall sample appear in regression 2 of Table 2.2. They show that
the single most important variable explaining capital inflows is the starting output level, other important
variables are the human capital proxy, output growth, social security benefits and political stability.

We checked the robustness of these findings obtaining scparate estimates for a sample consisting
of developing countries only (regression 3 in Table 2.2), but no significant change in the estimated
coefficients or in their significance is detected. A procedure to detect influential data points based on the
normalized residuals (Greene, 1993), revealed two outliers, with residuals beyond two normal standard
deviations, excluding these observations however did not alter in any significant form the estimation
results described in Table 2.2 .

2.3.2 Gther Variables

a. Trade integration

The theoretical model in section 2.2 assumed a one good model which is useful to obtain a simple
derivation of the current account, but hides a very relevant aspect of its determination: the transfer
problem. Because of transport costs and other trade barriers international trade involves only a narrow set
of goods and services, and capital iransfers must go through that narrow window, which limits the
substitutability between domestic savings and external savings as sources of funds for investment. In the
limit case when all goods are non tradable, the current account balance must converge to zero
independently of the stock of physical or human capital or other variables which affect capital
movements incentives. Since the degrze of integration should not alter the sign of capital flows but only
their magnitude, this variabie should enter interactively affecting the responsiveness of capital flows to
structural differences across countries.

Defining a summary measure of openness is difficult since there arc multiple variables which
have an impact on trade integration: tariffs, quotas, transport costs, idiosyncratic tastes, etc.. One variable
commonly used in empirical growth studies is the volume of trade, exports plus imports as a percentage
of GDP, but admittedly is an imperfect proxy as many factors unrelated to trade restrictions affect this
variable f00, i.c. the asymmetry of the resource base of a country with respect io the rest of the world
(HOS trade) or its size (economies of scale trade).

Regression 9 of Table 2.3 present the results of a reestimation of the base model in section 2.3.1
after including a proxy for trade integration. The volume of trade variable eaters interactively in this
regression through a mean zero dummy variable which indicates the position of the country with respect
to the median of the openness variable, and which affects all parameters in the same proportion. The
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coefficient estimate indicates no significant difference between the slope parameters of both subsamples
and the null of no difference in parameters cannot be rejected. Altemative formulations of the same
regression using quartiles instead of the median arrived to similar results, it was detected a lower
responsiveness in the lower quartile with respect to the openncss variable, but further examination
revealed that the coefficient shiﬁ captured the presence of the influential observations detected above,
affecting some specific coefficients but not their global responsiveness.

b. Country Risk

Regression 10 of Table 2.3 shows the results of including a country risk measure in the regression. The
probability of debt default or capital expropriation should increase the cost and reduce the volume of
intemational funds available for a given country, reducing the actual amount borrowed by that country.
Since 1979 the Institutional Investor publishes regularly a country risk index based on the results of a
biannual survey carried on leading intemational banks about individual country risks prospects. The
index covers only a subperiod of our sample, however country positions tend to be quite stable through
time so an 2verage of the 1979 to 1990 results may not be suci: a bad approximation of the country
position over the whole period. Lee (1993) tested the power of credit ratings as predictors of debt
rescheduling events finding favorable results.

The resulis of including the country risk index indicate a positive effect of credit risk on the
capital inflows, against our interpretation, however the coefficient is not statistically significant from 0 at
the 5% significance level. Perhaps the wrong sign on the country risk index is a consequence of reverse
causality. It is likely that the current account is an importani determinant of a country's position, even
after controlling by many other variables. The risk evaluation of countries which do not borrow on net
terms is better than similar countries running a current account deficit. An attempt to control for this
source of bias instrumenting the risk index in a set of structural variables which according to sovereign
borrowing models (Eaton and Gersovitz, 1981) should affect the country risk evaluation was not
successful, because of the lack of identification power in the instrumental variables.'?

2we included a set of variables measuring external and internal political instability which could produce
exogenous events affecting the country ability or willingness to pay: the frequency of violent government transfers
(coups and revolutions), the number of political assassinations and a dummy if the country was involved in a war
between 1960 and 1990; a set of variables related to the benefits of international trade which affect the size of
potentiai threats available to the international financial community: the volume of trade, terms of trade variability
and the rate of growth in GDP; and the initial debt 10 output ratio as well as GDP per capita. The results of the
first stage regression were satisfactory, the overall fit was about 0.85 and most vanables came with the expected
sign. The regression indicates that the most important determinants of country ratings are the level and rate of
growth of GDP, and the political stability variables, but the results continue to indicate a positive effect of credit
risk on the capital inflows, but not statistically significant from O at the 5% significance level.
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c. Net external asset position and external debt

The initial level of the net external asset position is one of the state variables which determines the
subsequent dynamics of the current account balance. Duc to data limitations, external debt as a
percentage of GDP (DEXT) is used as a proxy for the net extemal position, which introduces some
problem as it does not account for the value of the stock of portfolio and dircct investment by foreigners
in the country and for the value of extemnal assets in the hands of residents. Data on extemal debt for
1970, or the first available year up to 1974, was obtained from the World Baak Tables for a sample of
developing countries only.

The coefficient of DEXT in regression 8 of Table 2.2 is negative, but not different from 0 at
conventional significance leveis (p-value=0.28). The estimate indicate that an additional 15 points of
initiai debt as a percentage of GDP, about one standard deviation in this variable, increases capital
inflows in 0.3% of GDP per year. The model in section 2.2 predicted the opposite sign for the coefficient
on the net external asset position coefficient, this model exhibits a stationary property which predicts that
high initial liabilities tend to induce subsequent capital outflows until the economy converges back to its
steady state position, however most likely this convergence process is very slow. However, it is
important to point that this prediction is conditional on the steady state debt level, if the empirical model
does not properly capture all the relevant variables for the determination of the steady state extemal
liabilities, a negative sign may arise due to the positive correlation between the initial debt level and the
steady state debt level.

d. Public investment and infrastructure

The production function can be further extended to incorporate public goods capital, as a complementary
factor to private capital. Easterly and Rebelo (1993) report the robust corrclation between growth and
investment in transport and communications infrastructure, tasks generally allocated to the government in
the great majority of countries. The role of public infrastructurc on capital flows is similar to that of
human capital: an increase on the endowment of public capital should help to control for income
differences and increase the profitability of private investment inducing additional net capital inflows,
caeteris paribus everything else. The rate of government investment (IGOV) is used as a proxy of public

infrastructure.

The estimate of the coefficient on public investment is negative, as expected, and indicates that
an increase in public investment equivalent to 3.7%, about one standard deviation, induce additional
capital inflows for 0.15% of GDP per year. However, its coefficient is not significantly different form
zero at the 10% level, and sample variation of the rate of public investment "explains” a small amount of

the current account variability, approximately 0.85%.
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¢. Regional dummies

Table I showed the significant differences in the average current account deficits of industrial and
developing countries and within developing countries between regions of the worid. Regression xx of
Table 2.3 shows that differences across regions averages tend to disappear after controlling for the
variables described in subsection 2.3.1. Countries included in cach dummy variable are described in
appendix 2. The estimated coefficieat on the LATAM variable - which equals one for countries in South
and Central America, including Mexico- is negative but it has low statistical significance (t=-1.45), other
regional dummies are not significant at all. Since the estimated coefficients for the rest of the parameters
in the regression, their significance and the global fit of the equation are very similar to estimates without
the regional dummies, the low significance of these dummies is not a consequence of collinearity
between the explanatory variables.

2.4 Measuring Capital Mobility

The degree of intemnational capital mobility is a key element to understand the workings of growth in the
open economy. Feldstein and Horioka (1980) and many others subsequently, have examined investment-
savings regressions to estimate the crowding-out coefficient: the fraction of a decrease in domestic
savings which reduces domestic investment instead of inducing additional capital outflows. Sachs (1981,
1983) estimates an altemative but related measure: the fraction of marginal changes in investment
financed through extemal savings. In this section we estimate a related measure of capital mobility: the
fraction of the "structural” difference between domestic investment and savings which becomes a current
account imbalance - one under perfect capital mobility and zero under no capital mobility, but we take
into account several of the criticisms on the FH measure of capital mobility which are related to the
measure estimated in this section tco.

2.4.1 Identification and estimation

This subsection describes a simple framework which makes explicit the relationship between the
altemative measures of capital mobility and the implicit assumptions behind their interpretation. The
formulation is admittedly ad-hoc as savings and investment equations are not derived from explicit
dynamic maximization equations, however because the empirical work is based on long run averages
dynamics are not very interesting either. Feldstein (1984) presents a similar model to make explicit the
identification assumptions behind the FH results.

The structural model consists of 3 behavioral equations, one for the investment rate, one for the
savings rate and the last one for the intemational supply of funds, all as a percentage of GDP, and an
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equilibrium condition that equates the demand and supply for intemational funds through the shadow
cost of capital r;:

$; =Qg +ayy; +0,v; +8°r; +e;
i,=1°+‘y,yj+72w,--5‘ri+e;
= / “yegl
. = + - +
fi=@o+8'(r;~r")+e;
ij=s;+f;

(22a,b,c.d)

where y; represent variables which affect both savings and investment, w; represents a vector of variables
which affect only savings, and v; represents a vector which affects only investment, nory; v; or w; affects
directly external savings except through their effect on the shadow cost of funds, and € ,, €; and €;
represent random shocks which could be correlated among them, but are assumed to be orthogonal to
variables y;, v; and w;. This formulation has implicit some cross-cquation restrictions which provide the
necessary identification assumptions to test the perfect capital mobility hypothesis. Perfect capital
mobility is equivalent in this framework to an elasticity of extemal savings with respect to the domestic
rate of retumn, 8, equal to infinity, and no capital mobility to an elasticity equal to zero. An intuitive
measure of capital mobility is 8, the fraction of the “structurel” current account deficit which is closed
through intemnational capital inflows as opposed to adjustment in domestic investment or saving.

A finite interest rate elasticity of external investment is only a short cut for 2 number of factors
which limit the substitutability between domestic savings and extemal savings. This elasticity could be
less than infinity, for exampie, because liabilitics of country j arc not perfect substitutes of foreign
liabilities in the portfolio of foreigners and residents."*!* For example, if the demand for assets is derived
from a expected return-risk framework, risk aversion and real cxchange rate variability limits the
substitutability between domestic assets and external assets. Altematively, information asymmetries
between residents and foreigners about domestic asset's quality, the absence of an effective intemational
court to soive contract disputes (sovereign country risk), or simply regulatory restrictions on the capital
account of the balance of payments could play the same role. Even if home and foreign assets are perfect
substitutes, transport costs, market idyosincracies and other trade barriers may imply imperfect
substitution betweer: home and foreign goods, which limits the substitutability between domestic and

131f this is the case the relevant variable in equation (22c) should be the net extemal stock position not external
ﬂows. but since we are working with long run averages the distinction is less important.

considerations associated 10 exchange rate variability, sovereign country risk or information asymmetries
between foreigners and residents may cause this limited substitution.
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external savings. Finally, asscts and goods may be perfect substitutes, but country j may be too big in
world capital markets.

We treat the shadow rate of return as a non observable variable. Financial rates of retum which
are commonly available represent only a segment of the capital market, which only under an assumption
of perfect substitution can be equated to the rate of retum on domestic capital (Frankel et al., 1986)."%
Further, in many developing countries included in the sample it is common to find persistently negative
real rates of return, a symptom‘of financial repression which severely distort any informative value of
financial rates as proxies for the retum on domestic capital. The structural fonmn cannot be estimated, but
some identifying assumpticns implicit in the formulation of the model described above allow to estimate
subsets of the structural parameters or combinations of them, and the parameter of capital mobility can be
derived from here.

The reduced form of the system makes explicit the structural parameters which can be estimated.
The equations for investment and saving are:

Si{ |1-6%a, +08%, (1-6%)a, 687, s n;
.. - _ i i i _ i v/ + i
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(23)
where constants have been omitted and 0 coefficients are:
. i s/ r

o= gL g S -

& +8/ +8" & +8/ +8* and 5 +8/ +6°
Perfect capital mobility is equivalent to the joint restrictions: Ho: ®t,;=m,,=0, which can be easily
computed from the system estimates. This test on capital mobility checks if exogenous shifts on the
investment schedule (shifts on vector w)), uncorrelated to changes in savings under the null of perfect

capital mobility, have a statistically significant influence on savings, or if exogenous shifts in the savings
schedule affect investment.

An estimate of parameter 6, the fraction of the "structural” current account deficit which is

closed through intemnational capital inflows, provides an intuitive measure of capital mobility. Estimates
of 6;and 6,, and implicitly of 6, can be obtained from the following instrumental variables regressions:

BThe concept of capital mobility implicit in savings-investraent regressions, the crowding cut coefficient, should
not be confused with financial integration, the absence of arbitrage opportunities on tradable assets. Financial
integration is a necessary condition for perfect capital mobility, but is not sufficient.
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Since i; and u,; are correlated, and so are s; and u;;, an instrumentdl variables procedere must be
used to obtain consistent estimates of A. The restrictions implicit in the structural formulation provide the
necessary instruments to perform the estimation. Variables included in the empirical model of the current
account of section 2.3 are used as instruments, after classifying them in three groups which correspond to
vectors v;, w; and y; based on theoretical considerations. A 2SLS procedure provides consistent estimates
of 0, but efficiency can be improved using 3SLS to take into account the likely correlation between the
residuals u;, and u;;,. The coefficient estimate of A, is an estimate of 6,/(1-6,), and the coefficient estimate
of A,, is an estimate of 6,/(1-6,). Solving these two non linear equations gives estimates of 0, and 6, and
therefore of 8, the delta method provides standard errors for these estimates.

2.4.2 Alternative measures of capital mobility

The Feldstein-Horioka (1980) measure of capital mobility is the B, coefficient estimate on a cross-
country regression of the investment rate on the savings rate:

ij=PBo+Pys; +E;
(26;
Under some conditions B, provides an estimate of parameter ;4 in the regression above, which

can be used to bound the capital mobility parameter 0<0 (<1-A,,. There is wide and robust evidence of the

high comrelation between savings and investment, and regression estimates indicate coefficients very
close to one, which tightly bounds 8, '®

The interpretation of this finding however is the subject of an active and ongoing debate. On one
hand, there has been some conceptual confusion between the definition of intemational capital mobility
implicit in saving-investment cormrelations, the crowding-out coefficient, and intemational financial
integration, the absence of arbitrage opportunities in a much narrower range of intemationally ‘radable

I'SSachs(l981. 1983) estimated an alternative measure of capital mobility based on a regression of the current
account on investment. His estimates indicated a large and negative coefficient consistent with substantial capital
mobility, which originally was puzzling as simpie manipulations of national accounts identities indicated the
equivalency between his estimate and the FH parameter. However, further examination by Dooley and Penatti
(1984) showed that estimates were highly sensible to the selection of the sample and period of estimation.
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assets (Frankel et al. (1986)). Financial integration is a necessary condition for perfect capital mobility,
but not a sufficient condition, so finding evidence against perfect capital mobility does not reject
financial integration as many interpreted initially.

Another common criticism to this evidence is that a wide variety of models cain produce positive
comovements i savings and investment in response to exogenous disturbances even in the presence of
full capital mobility. For example, temporary productivity shocks or the business cycle which affect the
profitability of marginal capital and the level of transitory income can induce time series correlation
between savings and invesiment even in the presence of full capital mobility (Tesar, 1991; Obstfeld,
1993). The original FH regressions was estimated using long run averages in order to avoid the
simultaneity bias due to time series problems, but as argued by Obstfeld (1986) even long run cross-
section correlation are subject to this bias as variables like population growth can still produce positive
correlation between savings and investment which is irrelevant to evaluate the extent of capital mobility.

In terms of the simple model described above the discussion is on the independence assumption
on saving and investment disturbances. A common set of variables y; which affect simultaneously
savings and investment, correlation between vectors v; and w; and or correlation within the vector of
structural residuals €; can generate positive correlation between saving and investment under full capital
mobility.” Direct estimation of the FH regression produces biased estimates, if no attention is placed on
the iikely correlation between the savings rate and the residual. The reverse regression and the
correlation between saving and investment are subject to the same criticism.

More recently, Taylor (1994) estimates the correlation between investment and savings equations
residuals. His procedure is equivalent to eshmate the correlation left after filtering out all the correlation
coming from cormelation on fundamentals, and it is valid under the additional assumption of no
correlatior: on the structural disturbances. The set of fundamental includes the relative price structure,
demographic variables and the growth rate, and the estimates show that once these variables are
controlled for, the correlation of saving and investment largely disappears specially on recent years.

2.4.3 Structural restrictions and instrumental variables

Since the choice of instruments plays a key role in the estimation procedure the implicit assumptions
which motivates it are discussed at some detail. The empirical model of section 2.3 provides a set of
variables which affect the curreni account in the long run, according to the framework described above
these variables are assigned to vectors yj» vjand w;.

"o the original contribution by Feldstein and Horioka (1980) the savings rate is instrumented on demographic
and social security variables, so conditional on these exogeneity assumptions, their estimates are robust to this
problem.
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Vector y; includes all those variables which affects both investment and savings. The initial level
of GDP belongs to this vector. On the investment side, decreasing retumns to scale imply that deviations
of GDP with respect to its steady state level are negatively related to the marginal profitability of capital
and through that channel to the rate of capital formation. However at steady state, they could be
positively correlated to the rate of capital formation as countries with higher GDP probably have a higher
capital stock, relative to output, to maintain. On the saving side, positive deviations of GDP with respect
to its steady state should be positively correlated to savings if consumers follow the PIH'®, but since the
growth rate is directly included in the saving equation we expect the last variable to absorb most of the
explanatory power of GDP deviations on savings, more on growth below. At steady state, savings will be
unaffected by GDP if we assume the homotheticity of preferences between present consumption and
future consumption. On an introspection basis, it seems more reasonable a positive bias towards future
consumption as income rises, so initial GDP must be included in the savings equation too.

Labor growth is another candidate for vector y;. It affects investment directly through the
replacement effect, and it is closely correlated to the age composition of population which affects the rate
of savings. However, since the correlation is not perfect we include the rate of growth in the labor force
and the age composition of population (the percentage of population younger than 15 years old and the
percentage older than 65 years old) as scparate regressors, the first variable in y;, and the other two in v;
variables which affect directly only the saving equation.

Other variables included in vector v; are the social security variable, the fiscal surplus as a
percentage of GDP and the average rate of growth on GDP per capita. The first one is not controversial,
but the last two deserve more discussion. In relation to the fiscal surplus variable, Summers (1985) has
argued that fiscal policy is deliberately manipulated to target the extemal balance, which invalidates the
use of the fiscal surpius as an exogenous shifter of savings. However, it is reasonable to expect that this
instrumental use of policy explains fluctuations of the fiscal balance through the business cycle but not
long run averages as those considered in the empirical work in this section. In relation to growth, the
controversial assumption is not whether to include it on the savings equation, but if it should be excluded
from the investment equation. They are correlated since investment is one of the main determinants of
growth, exogenous factors not included in vectors y; or w; could shift investment and through that
channel growth and savings, inducing spurious correlation between saving and investment, so this
variable was included in vector y; to check the robustness of the results to this identification assumption.

Shifters of the investment schedule include labor growth, alrcady discussed, the initial stock of
human capital, the relative price of capital, a proxy for political instability (the frequency of violent

% The permanent income effect is assumed to dominate over the life cycle aggregation effect as this deviation is
by definition transitory.
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govemment transfers) and two proxies for market distortions: average tariff and the black market
premium. Their inclusion in the investment equation is not controversial, they control for the steady state
of capital, which determine the rate of replacement investment. It could be controversial however their
exclusion of the savings equation. In the case of the relative price of capital or market distortions this
seems a reasonable property, the assumption means that they lead to a reallocation of a given supply of
savings from domestic capital to foreign assets, but not an alteration of the level of domestic savings (as a
percentage of GDP). Political instability can affect savings through a precautionary savings effect and
human capital through an incocme effect.

We check the robustness of these identification assumptions adding these two variables and GDP growth
to the list of common determinants of saving and investment.

2.4.4. Results

Table 2.4 shows the simple correlation between variables included in the model. The cross-section
correlation between saving and investment rates in the sample is (.88, very close to one as expected from
reported evidence. More important the correlations in this table show that the fundamentals of savings
and investment are indeed highly correlated, which can induce spurious correlation between these two
variables even under perfect capital mobility. The initial level of GDP (GDP70), for example, exhibits a
negative correlation with the rate of growth in the labor force (LGROWTH) (-0.51), since the first
variable should have a negative ;cffect on investment and the second variable a positive effect on savings,
they induce positive correlation between investment and savings. But other correlations, the positive
correlation (0.70) between GDP70 and the proxy of social security (SSEC), for example, or the negative
correlation between GDP70 and the children dependency ratio (POP1S), induce the reverse pattern of
correlation between investment and savings, so it is hard to tell if they induce a substantial bias on the
FH estimates as measures of capital mobility.

Table V summarizes the results of the cstimation of (24) and (25) through 2SLS and 3SLS
procedures for the whole sample and subsamples defined according to (i) the level of development (LDCs
and industrial countries), (ii) the IMF classification by main source of funds (market borrowers, official
borrowers and diversified borrowers), (iii) openness (the upper half of the openness sample distribution)
and (iv) population (the upper half of the population sample distribution), criterions which we expect to
be comrelated to the degree of capital mobility. For example, we expect that financial integration is much
lower within the group of developing countries cr within the group of official borrowers and this implies
lower capital mobility coefficients for these groups, or better trade integration as proxied by the degree of
openness means higher substitution between domestic and extemal savings and therefore higher capital
mobility. Finally population is a rough measure of country size. The body of the table includes the 2SLS



and 3SLS estimates of A;; and A,; and their standard errors, the , joint test of perfect capital mobility
and the implied 0 coefficients and their corresponding errors (only for the 3SLS procedure).

The results for the whole sample (regression 1 of Table V) show no difference between the 2SLS
estimates and the 3SLS estimates. At face value both estimates of 6 indicate that about 27% of the
"structural” deficit (surplus) in the current account is closed through intemational capital inflows
(outflows), and the rest is closed through adjustments in the domestic saving rate (21%) and the domestic
investment rate (52%) which according to the stylized model comes through variations in the shadow rate
of retun on capital. The large values in the %, tests shows that the null of perfect capital mobility is
easily rejected in this sample, and so is in each subsample included in Table V. However, there is
considerable imprecision on the.estimate of 8, a 95%-confidence interval has a range between -0.08 and
0.62, tight enough to reject perfect capital mobility, but still leaving a substantial range for the location of
this parameter.

It is interesting to note that no significant differences were detected between the ¢-limation
results for subsamples and the results for the whole sample. In particular, the results indica.> no pattem
of association between these sampling criterions and the dcgree of measured capital mobility. The
hypothesis of full capital mobility is easily rejectec across all subsamples, and differences between the
point estimates of 6, are within reasonable limits considering their sampling error. The estimate for the
group of countries financed through private sources in regression (15) of Table V is surprisingly very low
(-0.04), however considering the large standard error on this estimate (0.52) its difference wiih respect to
the rest of the estimates is irrelevant.

The last column of Table V shows the results for a different set of assumptions about the valid
instrumental variables for investment and savings. The restrictions imposed by this specification are
much weaker: age composition, labor growth, GDP growth, political instability and human capital are
not restricted to affect either savings or investment exclusively, in terms of the model they belong to
vector yj. The remaining restrictions are that variables SSEC and SG do not shift the investment
schedule; and that market distortions variables, BMP and TARIFF, and the relative price of capital PI do
not shift the investment schedule. The results of 2SLS and 3SLS for the weaker set of restrictions, shown
only for the whole sample, are almost identical to the results for the complete set of restrictions in
regression (13). In particular, the rejection of the hypothesis of perfect capital mobility is very strong and
point estimates of 0, are almost identical in both specifications, 0.32 vs. 0.27, but standard errors are
much larger in the last column of Table V as a consequence of the loss of the information from the
restrictions left out.

In conclusion, the results confimn most findings from saving-investment regressions about the
low degree of intemational capital mobility. The evidence is consistent with a world where capital flows
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slowly. However, it must be remembered that since the model cxciudes the possibility of factor price
equalization and capital movements taking place through HOS trade, estimates represent a lower bound
of the degree of capital mobility. Indeed, it is interesting to notice that the results in Table V indicate that
the degree of capital mobility decreases as the degree of cpeness of the economy increases. This result
would be expected in a world where intemnational trade in capital mobility is a substitute of intemational
trade in goods.

2.5 Conclusions

We started the paper asking if the failure of intemational capital to flow to poor countries is a
consequence of differences in technology, market distcrtions and other factors which affect the
profitability of investment, or is it related to limited integration of world trade and capital markets, as
proposed by Feldstein-Horioka?. The theoretical model of section 2.2 makes the distinction between
steady state capital flows and convergence capital flows. The neoclassical prediction that capital flows
from rich to poor countries is a property of convergence flows, and proper testing of this prediction
requires to control for heterogeneity in the steady state position across countries. If this heterogeneity is
not considered it will probably lead to underestimating the importance of convergence flows in the
determination of the current account. The empirical mode! of capital flows is an attempt to evaluate the
neoclassical model controlling for these structural differences across countries. We find that once
structural factors related to the steady state level of output (the initial endowment of human capital,
market distortions, etc.) are controlled for, the role of convergence factors on the current account
increases. This control variables exercise a strong and significant cffect on capital flows and the direction
of their effects is according to theoretical presumptions. The estimates in section 2.4 indicate that even
when capital flows according to variables related to the ncoclassical-life cycle mode, there is a relatively
low degree of intemational capital mobility. The vclume of flows is small, perhaps because of the low
degree of integration of markets across national frontiers. Attempts to relate the degree of capital mobility
to structural characteristics of the countries, like the degree of openness, country size or the degree of
development, deserve further work.
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Table 2.1
Average Capital Inflows 1970-89

Current Account Foreign Direct
Deficit (%GDP) Investment (%GDP)

GDP70 Quartiles
Q! 3.6% 1.1%
Q2 6.5% 1.0%
Q3 3.0% 1.3%
Q4 1.2% 0.2%

Region

East Asia 2.1% 2.5%
Latin America 5.2% 1.2%
Africa Sub-Sahara 5.9% 1.4%
Industrial 1.4% 0.0%
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TABLE 2.2
Dependent Variable: Curtent Account Surplus (%GDP)
average ratio from 1971 1o 1990

Regression (¢)) () [©)) @ (5 (6) U] (8)

Sample All Al v Al b/ All All All LDC LDC

GDP70 0.907 1.030 0.869 0929 0.809 0918 0916 0.968

5.627 5.627 6.341 5.367 5.452 5.676 3.651 3.252

HUMANK -0.632 -0.553 0.629 - -0.601 -0.697 -0.458 -0.366

-4.066 -4.066 -4.384 - -3.673 -4.272 -2.431 -2.051

LGROWTH 0.223 -0.071 -0.130 -0.152 -0.828 -0.243 -0.045 -0.134

0.514 0514 0371 0350 -1681 0564 -0071  -0.204

AGEDEP -2.756 0.205 2374 2616 4220 -2.874 -2.796 -2.826

-0.823 -0.823 -0.836 -0.785 -1.294 -0.875 -0.648 -0.644

YGROWTH 0616 0.384 0.495 0.596 0.545 0.592 0.639 0.670

3.209 3209 3574 3030 2894 2704 3140 2932

SSEC 0.767 -0.321 0.942 -0.762 -0.797 -0.792 -1.391 -1.436

-2.050 22050 0334 2022 -2226 2093  -3.080  -3.130

SGOvY G.165 0.199 0.110 0.165 0.164 0.169 0.236 0.206

1978 1.97% 1728 2021 1.842 2097 2426 2.085

BMP 0.822 0.183 0.992 0.729 0.872 0.879 0.998 0.968

2.348 2348 3815 2040 2440 2454  4.191 3477

TARIFF 2943 0.174 1.904 2915 2.892 2.876 2.626 2.379

2661 2.661 2.115 2.648 2.669 2.336 2.305 2015

REVCOUP 4,087 0.336 3.586 4,287 3.843 4.070 3919 3.739

4915 4915 4678 4956 4642 4540 4232 4.087

ODA -1.181 -0.185 -2.110 -1.163 -1.390 -1.091 -1.255 -0.895

-1.343 -1.343 -3.561 -1.307 -1.471 -1.270 -1.403 -0.978

PSCHOOL - - - 0.533 - - - -

- - - -2.927 - . - -

SSCHOOL - - - 0392 - - - -
. - - -1.094 - - -

HSCHOOL - - - -2.871 - - - -

. - -1.682 - - - -

GHUMANK - - - - -0.486 - - -

. - - -1.590 - -

GHUMANK*GLPOP - - - - 0.283 - - -
. . . 1.930 -

Q ) . ; . . 0.516 ; .

. . . -0.530 . -

PPPI " . . . - 0292 . .

. . . -0.257 . .

DEXT70 . . . . . . - 1937

. - - - -1.0%4

R2 0618 0618 0.698 0.623 0.659 0.624 0.606 0.630

N 65 65 63 65 61 65 48 4)

a/ Standarized Regression: all variables normalized to (0,1)
b/ Excloding influential observations: xx and xx. (see description on lext)
OLS regressions, (-statistics below coefficients, all standard errors are derived using White-heteroskedasticity

robust errors.
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TABLE 2.3
Dependent Variable: Current Account Surplus (%GDP)
average ratio from 1971 to 1990

Regression 9) (10) (11) (12)
Sample All w All w All v All
GDP70 0.906 0.737 0.836 0.898
5527 4.468 6.089 5.660
HUMANK 0.630 0.644 0587 -0.608
-3.925 -4.336 -3.865 -3.431
LGROWTH 0.220 -0.445 -0.091 -0.049
-0.487 -1.067 -0.248 -0.101
AGEDEP -2.745 -0.747  -2.061 -3.359
-0.830 -0.231 -0.695 -0.968
YGROWTH 0616 0.375 0.429 0514
3.213 2.308 2.886 2379
SSEC 0.766 -0.683 -0.756 -0.749
-1.983 -1.929 -2.269 -1.849
SGOV 0.164 0.111 0.051 0.180
1.795 1.319 1.405 2.043
BMP 0.816 0.262 0.898 0.658
2.092 0.427 3.202 1.627
TARIFF 2948 2.408 1.921 2.385
2742 2.691 2.139 2.151
REVYCOUP 4.086 4.480 3.460 4.434
4.796 5.156 4.479 4.169
ODA -1.171 -1.110 -2.156  -1.422
-1.448 -1.168 -3.579 -1.789
OPEN>Q50% 0.007 0.080
0.029 0.651
COUNTRY RISK - 1.667 -
- 1.660 -
IGOV - - -0.050
. - -0.690
LATAM - - -1.119
N - -1.449
EAST ASIA - - -0.746
. . -0.688
AFRICA (sub-sahara) - - -0.321
. . -0.376
INDUSTRIAL - - -0.877
. . -0.602
R2 0.618 0.675 0.666 0.627
N 65 61 64 65
a/ NonLinear Regression (sce description on text)
b/ OLS regression.

All standard errors for t statistics are derived using White-heteroskedasticity
robusi errors.
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SAVING
INVWB
GDP70
LGROWTH

BMP

OWTI
REVCOUP
YGROWTH
SSEC
SGov
POP15
POPS5

SAVING
INVWB
GDP70
LGROWTH

BMP

OwWTI1
REVCOUP
YGROWTH
SSEC
SGov
POP15
POP6S

SAVING
1.00
0.88
0.46
0.14
0.54
-0.44
<0.19
-0.26
0.66
0.43
0.39
-0.53
0.41

REVCOUP

1.00
-0.20
-0.32
-0.24

0.35
-0.33

INVWB

1.00
0.24
0.03
041
-0.43
0.21
-0.36
0.64
0.35
0.22
-0.35
0.23

GRGDP

1.00
0.35
0.25
-0.33
0.23

TABLE 2.4
Correlation Matrix

GDP70 GLPOP HUMANK

1.00
-0.51 1.00
0.83 -0.45 1.00

-0.33 0.27 -0.32
043 0.27 -0.33
-0.33 0.15 0.23
0.14 0.05 0.35
0.70 -0.32 0.62
0.40 0.22 0.32
-0.84 0.76 -0.83
0.85 0.77 0.78

SSEC SUPF  POPI15

1.00
0.29 1.00
0.71 <0.39 1.00

0.66 0.34 -0.94
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BMP

1.00
0.17
0.38
-0.46
-0.24
-0.30
0.42
-0.37

POP65

100

OWTI

1.00
0.16
-0.06
-0.38
-0.17
0.39
-0.43



TABLE 2.5

Measures of Capital Mobility
2SLS and 3SLS Instrumental Variables

Regression (13) (14) (15) (16) (17) (18)
Sample All LDC Market Open>Q50% Popul.<Q50% All
2SLS
Al3 0.44 0.39 1.19 0.80 0.37 0.51
0.19) 0.21) 0.15) 0.12) (0.19) 0.29)
A23 0.65 0.57 0.97 0.73 0.72 0.65
(0.11) 0.13) (0.18) (0.08) (0.08) ©.11)
implied parameters

01 0.51 0.45 1.17 0.35 0.62 0.48

02 0.21 0.21 0.20 0.52 0.14 0.27

1-01-62 0.27 0.33 0.03 0.13 0.24 0.26

3SLS
Al3 0.44 0.40 1.12 0.78 0.36 0.21
0.17) (0.18) 0.10) 0.12) 0.19) (0.61)
A23 0.65 0.58 1.05 0.77 0.73 0.65
0.07 (0.10) (0.10) 0.07 0.07) (0.08)
%2(2): A13=A23=0 84.04 38.76 192.94 196.68 101.89 72.48
implied parameters

o1 0.51 0.44 0.70 0.43 0.63 0.59
0.13) (0.13) (0.20) 0.09) (0.16) (0.63)

62 0.21 0.22 0.33 0.44 0.14 0.08
0.09) (0.09) (0.60) (0.14) (0.08) ©.67

1-61-62 0.27 0.34 0.04 0.13 0.24 0.32
0.21) 0.21) 0.52) 0.21) (0.24) 0.47)

N 65 48 30 33 33 65

Notes: All regressions, except (6) assume that vector yj includes GDP70, vector vj includes POP15, POP65, SSEC, SG,
and GROWTH, and vector wj includes LGROWTH, HUMANK, IG, TARIFFS, BMP and PL. In Regression (6) variables
GROWTH, LGROWTH, POP15, POP65 and HUMANK are added to vector yj and correspondingly dropped from vj
and wj. Standard errors for parameters 113 and 123 are White-heteroskedasticity robust. Standard errors for 3SLS
estimates of q parameters are derived from standard crrors of | parameters using the delta mcthod.



APPENDIX

Table A.1
Summary Statistics
Series Observ. Mean StdEmor Minimum Maximum
CASA 65 -3.41 3.08 -13.76 241
GDP70 65 3.73 3.50 0.43 13.30
YGROWTH 65 1.50 1.92 -2.81 6.22
HUMANK 65 5.02 2.69 0.68 11.56
GHUMANK 61 2.46 2.81 -0.15 20.15
PSCHOOL 65 3.58 1.77 0.56 8.01
SSCHOOL 65 1.23 1.00 0.09 4.49
HSCHOOL 65 0.21 0.20 0.01 0.96
LGROWTH 65 2.14 0.99 0.48 4.18
POP 65 29242 74154 615 554911
POP15 65 36.68 9.59 19.26 51.82
POPS65 65 6.14 4.19 2.31 15.73
AGEDEP 65 0.66 0.23 0.29 1.16
SSEC 65 1.35 1.29 0.0G6 471
SGOV 65 422 3.71 -13.40 4.00
MONEY 64 70.49 39.63 10.58 188.03
INFLATION 64 50.17 141.60 3.85 776.84
ASSAS 65 0.03 0.08 0.00 0.47
COoupP 65 0.04 0.08 0.00 0.36
REVOL 65 0.14 0.19 0.00 0.88
REVCOUP 65 0.18 0.25 0.00 1.19
GOVWB 65 0.14 0.05 0.06 0.27
BMP 65 0.38 0.69 0.00 4.60
TARIFF 65 0.17 0.18 0.01 1.32
QRESTR 64 0.21 0.24 0.00 0.89
DY70 48 20.21 13.74 0.38 65.80
PPPY 65 0.64 0.26 0.20 1.19
PPPI 65 0.86 0.45 0.35 2.99
Q . 65 1.48 0.90 0.67 6.37
IGOV 64 7.23 3.73 2.44 20.89
VARTOT 63 0.04 0.03 0.01 0.13
OPEN 65 55.40 28.38 15.13 188.81
AREA 64 901 1992 1 9976
DISTANCE 64 5.87 2.46 1.73 11.52
COUNTRY RISK 61 47.49 26.53 8.00 96.42
INVWB 65 21.86 5.57 9.52 41.68
SAVING 65 18.45 6.51 5.99 4.7
FDI 64 0.68 1.23 -1.58 6.60
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Table A.2
Countries in the sample

COUNTRY WBCODE INDUSTRIAL  OPEN>QS50 POP>QS50 MARKET OFFICIAL

1 Benin BEN 0 1 0 0 0

2 Cameroon CMR 0 0 0 0 0

3 Central African Ref CAF 0 1 0 0 1

4 Egypt EGY 0 1 1 0 1

5 Ghana GHA 0 0 1 0 1

6 Kenya KEN 0 1 1 0 1

7 Malawi MWI 0 1 0 0 1

8 Mauritius MUS 0 I 0 0 1

9 Rwanda RWA 0 0 0 0 1
10 Senegal SEN 0 1 0 0 1
11 Sierra Leone SLE 0 0 0 0 1
12 Tanzania TZA 0 0 1 0 1
13 Tunisia TUN 0 1 0 0 0
14 Zaire ' ZAR 0 0 1 0 1
15 Zambia ZMB 0 1 0 0 1
16 Zimbabwe ZWE 0 0 0 0 0
17 Canada CAN 1 0 1 1 0
18 Costa Rica CRI 0 1 0 0 0
19 El Salvador SLV 0 1 0 0 1
20 Guatemala GT™M 0 0 0 0 0
21 Haiti HTI 0 0 0 0 1
22 Jamaica JAM 0 1 0 0 1
23 Mexico MEX 0 0 1 1 0
24 Nicaragua NIC 0 0 0 0 0
25 Trinidad & Tobago TTO 0 1 0 1 0
26 United States USA 1 0 1 1 0
27 Argentina ARG 0 0 1 1 0
28 Bolivia BOL 0 1 0 0 1
29 Brazil BRA 0 0 1 1 0
30 Chile CHL 0 0 1 1 0
31 Colombia COL 0 0 1 0 0
32 Ecuador ECU 0 0 0 1 0
33 Paraguay PRY 0 0 0 0 0
34 Uruguay URY 0 0 0 1 0
35 Venezuela VEN 0 1 1 1 0
36 Bangladesh BGD 0 0 1 0 1
37 India IND 0 0 1 0 0
38 Indonesia IDN 0 0 1 0 0
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Table A.2 cont.
Counitries in the sample

COUNTRY WBCODE INDUSTRIAL OPEN>QS0 POP>Q50 MARKET OFFICIAL
39 Korea KOR 0 1 1 1 0
40 Malaysia MYS 0 1 1 1 0
41 Nepal NPL 0 0 1 0 1
42 Pakistan PAK 0 0 1 0 1
43 Philippines PHL 0 0 1 1 0
44 Singapore SGP 0 1 0 1 0
45 Sri Lanka LKA 0 1 1 0 1
46 Syria SYR 0 0 0 0 0
47 Thailand THA 0 0 1 0 0
48 Austria AUT 1 1 1 1 0
49 Cyprus cYyp 0 1 0 0 0
50 Denmark DNK 1 1 0 1 0
51 Finland FIN 1 1 0 1 c
52 France FRA 1 0 1 1 0
53 Germany, West DEU 1 1 1 1 0
54 Greece GRC 1 0 1 1 0
55 Ireland IRL 1 1 0 1 0
56 Italy ITA 1 0 1 1 0
57 Netherlands NLD 1 1 1 1 0
58 Norway NOR 1 1 0 1 0
59 Spain ESP 1 0 1 1 0
60 Sweden SWE 1 1 1 1 0
61 Switzerland CHE 1 1 0 1 0
62 United Kingdom GBR 1 1 1 1 0
63 Yugoslavia YUG 0 1 1 0 0
64 New Zealand NZL 1 1 0 1 0
65 Papua New Guinea PNG 0 1 0 1 0
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Figure 2.1: Average Current Account Deficit vs. Initial GDP per capita

1,000 2,000 3,000 4,000 500 6000 7,000 8000 9000 10,000
GDP70 (USS80 Th.)
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Chapter 3

Current Account Imbalances and Real Exchange Rate
Dynamics

3.1 Introduction

Popular stories link the strength of a country’s currency with the state of its current account. The
recent depreciation of the dollar, for example, has been aitributed by the chairman of the FED, Alan
Greenspan, and the president of the Bundesbank, Hans Tietmeyer, on the persistent U.S. fiscal
deficit and its impact on the sustained current account deficit shown by the US economy during
the last decade.' Similarly, the devaluation of the Mexican peso on December 1994 was blamed on
the large and persistent current account deficits run by the Mexican economy through the first half

of the nineties.

The impact of current account imbalances (or, equivalently, intemational capital transfers)
on exchange rates (or terms of trade) is an old question in intemational economics. The issue goes
back at least to the famous debate between Keynes and Ohlin regarding the transfer problem and
the additional burden imposed on the paying country in the form of a terms of trade deterioration.
As it is well known, the issue hinges on the difference between residents and nonresidents marginal
spending propensities across domestic goods and foreign goods. Under the reasonable assumption
that each country has a higher marginal propensity to spend on its own goods, i.e. some goods are
not traded intemnationally, then a capital transfer requires of a deterioration in the terms of trade (or
the real exchange rate) of the paying country to be effected.

However, the effect of capital transfers on terms of trade or the real exchange rate should
be mostly transitory as capital transfers cannot go forever if the nation's intertemporal budget
constraint is respected. As Krugman (1985) poses it commenting on the appreciated dollar during
the mid 80°s: "In the absence of a shift of world demand toward US. goods, a permanent high
dollar would mean a permanent US. trade deficit and, because of interest payments on accumulated
debt, an ever growing US. current account deficit. Nobody believes this is possible forever; thus
any serious analysis of the exchange rate must presume that the dollar will eventually come down".
(Krugman, 1985). This issue is examined in section 3.2, which surveys theoretical and empirical

"The Economist, October 21, 1995

59



results on the literature of fiscal and extemal sustainability and implications of the intertemporal
budget constraint for income and expenditure processes.

Based on this idea, this chapter studies the exisience of transitory components on real
exchange rates associated to intemational net capital movements (or current account imbalances).
Detecting the existence of a transitory component in real exchange rate movements is analogous to
establishing the predictability of these movements, so we examine the theoretical and empirical
conditions under which current account imbalances predict fuiure movements of the exchange rate,
and the empirical significance of this source of volatility on exchange rates.

In the empirical literature developed to test the purchasing power parity condition, real
exchange rates have been characterized as near random walks, with unpredictable movements (Roll,
1979; Adler and Lehmann 1983; Meese and Rogoff, 1983). This literature is mostly based on
univariate models and establishes that lagged movements of exchange rates are poor forecasters of
future movements, but does not rule out that a larger information set could better forecast exchange
rate movements and detect a significant transitory component on real exchange rate fluctuations.’
This paper reexamines the issue of transitory components on real exchange rate movements but in a
multivariate setting which includes information about trade flows and other related variables.?

This chapter examines the empirical rclationship between current account imbalances and
the dynamics of the real exchange rate in a panel of Latin American countries irom 1950 to 1992,
We estimate their relationship in a structural vector autoregressive system (VAR) using pooled
annual data of a panel of 18 Latin American countries from 1950 to 1992. The simplest formulation
includes the trade balance and the exchange rate, but other formulations include related variables as
terms of trade and productivity differentials, and inflation differentials.

The interpretation of the estimation results requires to take into account the endogenous
nature of current account and real exchange rate determination. The pattem of correlation between
these two variables depends on the source of the exogenous disturbance affecting them.
Identification cannot be achieved imposing the contemporaneous exogeneity of either the cumrent
account or the exchange rate innovations as it is done commonly in VAR analysis, but requires of
an altemative set of restrictions. We identify the VAR system using plausible long run constraints

%See Rogoff (1995) for a complete survey on the empirical literature on PPP testing. Recently, several
authors have uncovered evidence in favor of long run PPP bascd on long samples, although the speed of
gnmn reversion is very slow. (Rogoff, 1995).

Several recent studies for the currencies of the G-7 economics have found evidence of transitory
components on real exchange rate fluctuations adding information on lagged inflation differentials. The
focus of these papers is on the existence of short run non-neutrality of nominal fluctuations on real
exchange rates while the focus of this paper is on real sources of fluctuation.
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as those of Blanchard and Quah (1989), leaving unrestricted the dynamic interactions between these
variables in the short run.

A simple model of the joint determination of the current account and the real exchange rate
suggests two sources of fundamental shocks to the real exchange rate: "capital account” or demand
shocks, that affect the real exchange rate because they affcct the equilibrium level for the trade
balance; and "trade acccunt " or supply shocks that affect the equilibrium real exchange rate for a
given level for the trade balance. We explore two alternative schemes to identify these shocks based
on long run constraints. The first scheme imposes the long run exogeneity of the net foreign asset
position, which is the cumulative result of trade imbalances, with respect to other unobservable
disturbances in the system which affect the long run real exchange rate through the trade balance
channel. In a sense, this assumption moves the dichotomy between the “"absorption” and the
“elasticities" approach to the trade balance from the short run to the long run, and argue that in the
long run the absorption level of the economy can be considered independent of the real exchange
rate level.

The second identification scheme takes the opposite view, assuming that the long run
exchange rate is exogenous to the long run level of absorption in the economy, consistent with a
view of the real exchange rate as fully determined by supply side considerations.

The estimation results indicate that trade imbalances help to detect transitory components
in real exchange rate movements, and the dynamics of the trade balance comrespond to what is
expected from capital flows shocks: trade deficits gn average arc associated with an overvalued
exchange rate in the sense that a future real depreciation is expected. The capital transfer shock
accounts for a significant fraction of the transitory or cyclical variability of the real exchange rate,
between 40% and 60%, ard for most of the variance of the trade balance, but for a small fraction of
the overall variability of real exchange rates, below 15%. Exploratory analysis indicates that the
origin of shocks on trade imbalances is important, as the expected dynamics are different whether
the source of the shock is a shift on investment or a shift on savings. Trade account imbalances
which originate on shifts on the investment schedule tend to be associated to a permanent reai
appreciation, while trade imbalances originated in shifts in private or public consumption are
associated to a permanent real depreciation.

The rest of the paper is organized as follows. The next section discusses the implications of
the intertemporal budget constraint of a nation on the issuc of the transitoriness of current account
imbalances or capital transfers and the existing empirical tests on the sustainability property.
Section 3.3 discusses the econometric methodology, and scction 3.4 presents and discusses the

main empirical results of the paper. Section 3.5 concludes.
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3.2 Implications of the Intertemporal Budget Constraint for the
Behavior of the Current Account

The effect of capital transfers on the real exchange rate shculd be mostly transitory as capital
transfers cannot go forever if the nation's intertemporal budget constraint is respected. The
implications of the intertemporal budget constraint (IBC) for the behavior of the current account
have been examined in the sustainability literature. In recent years, several researchers studying the
sustainability of the US fiscal and current account deficit have developed various tests of the
infinite horizon IBC.* Empirical tests of the IBC examine the stationarity of primary deficits (trade
account) or the interest inclusive deficit (current account), finding only mixed evidence for the
verification of the sustainability property on govemment and exteral deficits.>We are not aware of
similar studies for the countries in our sample, so we come back to this issue in section 3.4, where
empirical evidence is presented.

Following Trehan and Walsh (1991), a budget process is sustainable if the expected present
discounted value of the future siock of debt converges to zero. This requirement is needed for
wealth maximization of debt holders under the assumption that dynamic efficiency holds, and rules
out Ponzi schemes where debt is perpetually rolled over. Starting from the dynamic budget
corstraint:

dl = dl-lR- - "‘xl

0))

4*Hamilton and Flavin (1986), Hansen, Roberds and Sargeni (1987), Wilcox (1989), Bohn (1991), Kremers
(1989), Trehan and Walsh (1991) and Ahmed and Rogers (1995) present tests of the govenment IBC; and
;lusted (1992), Wickens and Uctum (1993) and Ahmed and Rogers (1995) test the extenal IBC.

Trehan and Walsh (1988) are unable to reject the hypothesis of intertemporal fiscal budget balance for the
US using data from 1890 to 1986; while Wilcox (1989), Hansen, Roberds and Sargent (1987) and Hakkio
and Rush (1991) conclude the rejection of the US intertemporal fiscal balance for the postwar period. Husted
(1992) rejects the sustainability of current account imbalances in the US based on a sample starting on
1960, while Wickens and Uctum (1994) allowing the endogeneity of the trade balance on the level of
accumulated debt conclude in favor of intertemporal external balance. Finally, Ahmed and Rogers (1995)
find evidence that strongly supports the hypothesis of extemal and fiscal intertemporal balance for the US
and the UK using a very long sample starting for some series even from the 17th century. .

In a different context, Goldberg, Gosnell and Okunev (1995) study the speed of adjustment of the
current account concluding that in a sampie of the G-7 countries, all countries, except Japan and Canada,
have constant long term means, which is the stationarity property described above implying the verification
of the IBC condition. Masson, Kremers and Home (1993) find evidence for the US, Germany and Japan
supporting a long run relationship between the net foreign asset position and demographic variables, and
document the existence of feedback mechanisms from debt accumulation towards expenditures, which
stabilize the external position of countries. Wickens and Uctum (1993) show that this feedback propesty is a
sufficient condition to verify the IBC.
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where d, is the real stock of outstanding debt at the end of period t, R* is one plus the intemational
real interest rate, assumed to be constant and positive, and nx, represents net exports or the trade
account balance. Taking expectations of (1) conditional on some information sct I, ,, and
recursively eliminating future values of the stock of debt yields the IBC:

& e Y
dl-l = ZR l-lnxlol + f‘_.m_ R l-l‘ile
i=0

2

where X, ., is the expectation of X,,; conditional on I _;,. The sustainability requirement means
that the last term in (2) must equal zero:

lim R ,.d,.,=0

&)

Trehan and Walsh (1991) show the restrictions implied by equation (3) on the joint process
of d, and nx,: If the evolution of d, is given by (1) with a constant and positive expected interest
rate, and (1-AL)nx, is a mean zero stationary stochastic process with 0<A< R*, then (3) holds if and
only if there exists a linear combination of d, and nx, which is stationary. (Proposition 1 (p. 209)).
The derivation assumes a stationary economy. but population and output per capita growth can be
introduced in this framework normalizing all variables by GNP, and discounting the rate of GNP
growth of the real interest to capture the expansion in the economy s resources.

This proposition implies that: i. if the debt stock (or the debt-10-GNP ratio in a growing
economy) is stationary, the IBC is verified iff the trade balance level is stationary. Then if xchange
rate movements are required o adjust transitory shifts in the trade balance, those effects must be
stationary or fully transitory. ii. If the debt stock has a unit root then the trade balance will be I(1)
too, as the trade deficit (Surplus) has to cointegrate with the surplus (deficit) on the balance of
financial services. If we take the stock of external debt as predetermined, an increase in the trade
deficit which increases the stock of external debt will be matched in the future by a permanently
larger trade surplus to service additional interest payments on accumulated debt The
accommodation of these predictable shifts on the trade balance will require of corresponding

predictable shifts on the exchange rate, or a temporary component on the real exchange rate. iii.
The same analysis as in ii. follows if the debt stock follows a stochastic exponential trend with (1-A

L)d, stationary and 1<A< R*, however this case seems lcss plausible as it implies an increasing
debt-to-GDP or debt-to-exports ratio increasing incentives for default and the risk of that extemal
debt.
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The conditions are modified in the case of a variable expectation of the real interest rate,
but as long as interest raies are bounded from below by a positive number, which rules cut the
dynamic inefficiency case, then stationarity of the current account is sufficient to show the
satisfaction of the IBC. (Trehan and Walsh (1991), Proposition 2 (p. 215)).6

In conclusion, fluctuations of the trade balance in one dircction create the expectation of a
future movement in the opposite direction (mean reversion). At the end of the process the trade
balance may end up at the original level, before the shock, or somewhat different if the stock of
extemal debt has changed, because changes in the stock of external debt create a flow of interest
payments or receipts to be matched through a larger trade surplus (deficit). The corollary is that if
capital transfers are significant contributors to real exchange rate movements and they correct
themselves relatively rapidly, they should predict significant transitory movements on this relative
price.

3.3 Econometric Issues
3.3.1. Identification assumptions

On the next section, we examine the empirical dynamics of exchange rates and the trade balance
using a VAR system. This section discusses some of the prior or structural assumptions used to
interpret the VAR's results described in the next section.

A simple model of the real exchange rate determination suggests two sources of
fundamental shocks to the real exchange rate: “capital account” or demand shocks, and “trade
account * or supply shocks.” Consider a small dependent economy (home) which trades with the
rest of the world (RoW) in a traded good -nd securities. Additionally, this economy produces and
demands a nontraded good. The excess of demand over supply in the market for nontraded goods,
d(t), is a fraction a of the excess of total absorption over GDP: the trade balance deficit, -nx(t);
minus the (negative) effect:on d(z) of the relative price of nontraded goods in terms of traded
goods, p(t),, i.e. the familiar Marshall-Lemer condition; plus a “"caich all" variable z(t) whichi
captures shifts in the incentives to demand or supply nontraded goods for a given real exchange
rate:

d(t) = —onx(t) —Pp(r) + z(t)
©)]

°Howeve:. is not a necessary condition, which means that the current account could show some non-
stauonanuw in an scenario of changes in the world interest rate or changes in output or population growth.

"See for example Mussa (1984), Kouri (1978), Dombusch and Fisher (1980), Rodriguez (1980), and
Faruquee (1994)



Assuming full employment, implies that equilibrium in noutraded markets requires that
there is no global excess demand for home goods, d(t) = 0.® From this condition, the standard trade
balance equation that relates net exports to the real exchange rate is derived. The real exchange rate
is defined as the relative price of the non-tradabie good with respect to the tradable good:

z(t) — onx(t)

p@2)=
B

(3

The role of relative price adjustments to effect intemational transfers hinges on the sign and
magnitude of parameter a/p. The standard result of the negative impact on the real exchange rate of
the paying country obtains if cv>0. This restriction encompasses the "orthodox" assumption in the
analysis of intemational transfers that the propensity of home residents to spent on kome goods is
greater than the propensity of foreigners, equivalent to o> O in this context as foreigners do not
demand domestic goods; and simultaneously rules out PPP since 3 must be finite.

Variable z(1) captures a variety of long run and short run influences on the equilibrium real
exchange rate. A partial list includes trend effects on real exchange rates derived {from differences
in productivity growth across tradable and nontradable sectors (the Balassa-Samuelson effect);
secular differences on demand growth across sectors (the Baumol-Bowen effect); and shifis in the
relative endowment of resources when the relative factor intensities differ across the traded and
non-traded sectors (Obstfeld and Rogoff, 1995; Kravis and Lipsey, 1983; Baghwati, 1984)9. Also
includes permanent and transitory terms of trade shocks; shifts in domestic and foreign trade
policies and other barriers to trade (Ostry, 1988; Edwards, 1989; Khan and Ostry, 1991); natural
resource discoveries; and changes in the sectoral composition of aggregate demand.'®

We need some restriction to identify "capital transfers” or "trade account” disturbances in
the data from the vector of innovations. Traditional VAR analysis assumes a triangular
contemporaneous decomposition of shocks, which for the simplest specification of the VAR would
be equivalent to assume that the exchange rate or the trade balance is exogenous in the short run.
The first assumption could be interpreted as the "elasticitics” approach to the trade balance, which

‘Allcmmivcly. nominal rigidities could be introduced in the model, letting d(t) endogenous, and assuming
gmdual adjustment for nominal prices to excess or deficits in d().

Obstfeld and Rogoff (1995) consider the case of labor intensive non tradable sector, where negative shifis
in the labor supply, due for example to wealth effects, tend to expand the tradable sector and contract the
non tradable sector for given prices, the Rybcinsky effect. Kravis and Lipsey (1983) and Baghwati (1984)
analyze the complementary case of gradual accumulation of capital stock due to investment.

root and Rogoff (1991) examine the consequences on the real exchange rate of shifts in the composition
of aggregate demand towards government expenditure.
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interpret movements on the trade balance as the result of exogenous exchange rate adjustments. The
second assumption could be interpreted as the "absorpuon™ approach to the trade balance, which
assumes the exogenous determination of the wrade balance, while the exchange rate adjust
endogenously. Both assumptions arc problematic, because variables are simultancously determined
by shocks to the fundamentals. An altemative identification scheme is nceded, we examine two
possibilities.

The first altemative is (0 use an instrumenial variablcs procedure, and project trade balance
fluctuatons in a set of variables related to the “capital transfers" shock, but uncorrelated to “trade
account” shocks. However, the problem is 10 get appropriate and correlated instruments. Some
candidates for instrumental variables are the govemment deficit, dcmographic variables
determining the savings rate, the world real interest rate and the volume of available capital inflows
(outflows) from the main world economies. All of them shift aggregate demand, without affecting
microeconomic incentives to supply or demand nontraded goods for a given price.“

The second altemative, and the one used in this paper, is 10 impose some a priori long run
constraint to achieve identification a /a Blanchard-Quah (1988), letting the data to speak freely on
the shape of short run dynamics. This approach has been successfully applied to decompose
movements on GNP and stock prices, where variables like the unemployment rate or the savings
rate in the case of output, or the price-dividend ratio in the case of stock prices, show significant
forecasting power for future changes in these variables (Blanchard and Quah, 1989; Cochrane,
1994; Fama and French, 1988).

Instead of assuming that either the curmrent account (absorption) or the exchange rate is
exogenous in the shornt run, the system is identified imposing the long run exogeneity of one of
these variables. We argue that in the long run the stochastic trend on net foreign assets, the
cumulative result of trade imbalances, can be considered “nearly” exogencus of the stochastic trend
of the real exchange rate, although in the short run their movements could be correlated. In a sense,
we move the dichotomy between the “absorption” and the “elasticities” approach from the short run
to the long run, and argue that in the long run the absorption level of the economy can be
considered independent of the real exchange rate level. The argument is that in the long run, shifts
in the net foreign asset position are the result of changes in trend savings and investment rates
which should be determined by factors related to the life cycle considerations, fiscal budget
policies, the world interest rate, the country risk perception and other barriers to intemational

"Edwards (1989) uses this approach in an uniequational mode! of the real exchange rate that includes
among other independent variables the ratio of net capiwal inflows 1o GDP. He uses lagged varnables,
however the method is potentially inconsistent as he includes the lagged dependent variable in the
regression.
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capital market integration; rather than related to the level of terms of trade shocks, the trade policy
regime or sectoral productivity differentals.

In this identificaton scheme, however, permanent movements on the net foreign asset
position could affect the long run real exchange rate through the demand channel, which implies a
positive long run relationship between the net foreign asset position and the real exchange rate,
since at steady state a larger stock of intemational assets creates a larger flow of interest receipts
compensated by a larger trade deficit.

The identification assumption is obviously questionable but as long as the most important
determinants of long run investment and savings rates arc orthogonal to the most important
determinants of the trade balance for a given real ecxchange rate, then the assumption is “nearly

cormrect” 12

The robustness of the results is assessed adopting the altemnative identification scheme:
the long run exogeneity of stochastic trend of the real exchange rate, which is consistent with a
view of the exchange rate as fully determined by supply side considerations. ' Further, another
ussessment of the validity of the identification scheme is derived from contrasting the resulting
dynamics against prior presumptions of how, for example, the pure "transfer” shock should look
like, an informal specification test.™ Finally, for some issues as the detection of forecastability or

transitoriness in real exchange rate movements, the identification scheme it is irrelevant.

3.3.2. Econometric Model

We describe the simplest specification of the model which includes the net exports-to-GDP
ratio (nx,) and the (log) real exchange rate, p,, We assume two types of disturbances affecting the
system. The first shock in vector v, is the "capital account” shock, which under the first
identification scheme has a long run impact on the net foreign asset position of the country and the
real exchange rate. The second shock v, is the "trade account” shock, which under the same
identification scheme has a permanent effect on the real exchange rate, but does not alter the net
foreign asset position of the country. Under the second identification scheme v,, has a long run
impact on both variables, and v,, affects only the net foreign assel position of the country.

Call the vector of variables Ax,’=[nx, Ap,]. and assume the data on x, as being generated

by the following structural VAR model:

Ax,=B(L)Ax,, +b+ilv, ,where E(v,)=0 and Var(v,)=1. (6)

12B1anchard and Quah (1989) derive the precise conditions that validate this assertion.

For example, in a 2x2 model of the dependent economy, with full intemmational capital mobility and labor
mobility, the real exchange rate is determined exclusively by supply factors (Rogoff, 1992).
“This is the "duck test” proposed by Clarida and Gali (1994): "If it walks like a duck and quacks like a
duck, it must be...".
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Matrix IT defines the contemporaneous structural relationship among the innovations to

foreign assets and the real exchange rate. The two independent structural shocks are stacked in
vector v,’=[v,' vf]. The polynomial lag B(L) can be cstimated dirccly using least squares
methods, while identification restrictions are needed to estimate I1.

First, we obtain the moving average representation of the VAR process estimated above:

Ax, = (1 — B(L))™' Iy, Q)
C(L)

The assumption that the first shock dess not have a long run impact on the net foreign asset
position implies that C,{l1+r")=0, where C,., is the upper-right polynomial term evaluated at one
plus the intemational interest rate. This is enough to identify the structural IT and recover an
estimate of the structural system dynamics defined by C(L), as well as a time series of the structural
shocks v,. Define the matrix of permanent impulse responses with respect to structural shocks as

C:

= En:[B“(H'.) B,,(1 +r‘)}1 ®
B, (1) By, (1)

where B(A)=B,+ BA+B\'+.... An estimate of C is obtained from the unique lower triangular
Choleski decomposition of the variance of permanent level innovations on x, with respect to e,

where ¢, = ITv, and the variance term is BVar(e,)B’; an estimate of ITis obtained B'C.

3.4 Empirical Results

The VAR is estimated using a panel data set of yearly data of 18 Latin American countries from
1950 10 1992 obtained from the Summers-Heston 5.6 data sct. The use of a panel data set instead of
individual country time series aliows to estimate more robust short run and long run dynamics, at
the cost of ignoring potentially imponant heterogeneity in the paramelters across countries. We deal
with this heterogeneity using fixed individual effects. We allow a heteroscedastic structure for the
residual variance, and correlation of time observations across countries is dealt with using fixed
time effects. Edwards (1989) uses a similar approach estimating an uniequational model for the real
exchange rate using pooled annual data for a sample of 12 developing countries from 1962 to 1984.
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3.4.1 Capital Flows and Real Exchange Rate Dynamics
a. Unit roots:

First, we characterize the stochastic long run behavior of the real exchange rate (RER) and the net
exports-t0-GDP rato (NX). An implicit assumption in the VAR specification is that the real
exchange rate follows an intcgrated process of order one while the net exports ratio is a stationary
variable. These assumptions can be tested directly using Dickcy-Fuller unit roots tests, but the
panel nature of the data set means that traditional critical values are inapplicable to test the null of
non stationarity. Quah (1994) shows that the critical values are close to nommal when individual
time series observations are drawn from a common distribution. However, the inclusion of a set of
country-specific intercepts drives the critical values 10 reject non-stationarity above 10 in absolute
value (Levin and Lin, 1993; Frankel and Rose, 1995).

Table 3.1 present the results of DF and augmented DF tests using one lag. The NX ratio is
measured at current intemational prices, thus avoiding the correlation induced by real exchange rate
movements on the size of the trade account relative to GDP, and RER is the log of the domestic
CPI to US CPI ratio."® The model includes a set of individuals and time dummies. Two extremely
large outliers (out of 750 observations) were previously excluded.'®

Tests reject the hypothesis of non-stationarity in the NX variable, but accept it for the RER.
Also included in Table 3.1 are the results of unit root tests for domestic GDP relative to the US
GDP (Y) and for the terms of trade (TOT), which will be included below in the VAR model. Tests
fail to reject the hypothesis of non stationarity for both variables. Finally, the existence of a
cointegration relationship between the three non-stationary variables according to tests results on
Table 3.1 -- RER, Y and TOT-- is rcjected.

The stationarity of the trade balance is not a sufficient nor a neccssary condition tc verify
the IBC condition, remember that what is nceded is the stationarity of a lincar combination betwesn
the trade balance and foreign assets. Only if r*=0 or forcign asscts, A, are stationary , both
properties are equivalent. If r* is small and the variance of A, is small compared to the total
variance of NX,, this may not be a bad approximation. Altematively, if r*>0 and we impose the
IBC condition, then the result implies that net foreign asscts follow a stationary process. In both
cases, cvidence of a stationary trade balance implics that the capital account determinants have no
long run effects on the real exchange rate through the demand side. We can test this implication on
the next section looking at the significance of the long run impact of the shock identified as the
“capital account” disturbance. The alternative is to imposc the IBC condition and use this finding to

15Using S-H 5.6 terminclogy: NX=100xLOG(CC+CI+CG), and RER=100xLOG(PC).
16 Bolivia, 1954, and Nicaragua, 1987.
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identify the "capital account” disturbance as the shock that has no long run impact on the real
exchange rate.

b. Dynamic effects:

The VAR is estimated using four lags of cach variable, and including a set of time and
individual effects. Results of Granger-causality tests are shown in Table 3.2.1. The first column
shows the results for the trade balance: lagged observation of itself have predictive power for its
future behavior, while we cannot reject the null hypothesis of exclusion on the set of lagged RER
movements. The second column shows test results for the first difference of the RER: both lagged
variables, NX and RER, have predictive power for future RER movements, implying that an
abnormal level for the trade balance is associated to a transitory movement in the real exchange
rate. This result is important because as shown by Evans and Reichlin (1994), finding evidence of
Granger causality of a variable W on a variable AV implies that the variance of the transitory
component of V conditional on its own lagged values and the lagged values of W is strictly larger
than the same ratio derived from an univariate representation. Therefore the inclusion of NX in the
RER equation adds forecasting power to the model. However, the small R? in the RER equation,
7.5%, indicates that overall the forecasting power is very small .

The dynamic effects of disturbances are reported in Figure 3.1, which contains the impulse
response functions of the two endogenous variables with respect to the two system's structural
disturbances. The identification assumption is that “trade balance" shocks have no long run impact
on the net foreign asset position of the country. The rate of accumulation of foreign debt-to-output,
r-g, is set at 3%, but estimations for larger or smaller rates had no impact on the results reported
below. The vertical axis in upper figures of Figure 3.1 dcriotes the log(RER)x100, and in lower
figures represents the trade account deficit as a percentage of GDP (measured at constant prices).
The horizontal axis denotes time in years. Each figure includes the point estimate and an interval of
confidence at the 90% significance level computed from 500 bootstrapping replications of the
estimation procedure. The large number of observations allows to estimate the impulse response
functions with considerable precision."

First, look to the dynamics induced by the “capital flows shock” in the first column of
Figure 3.1 described by labels k— NX and c— RER. An increase in capital inflows by definition
induces a trade account deficit, which gradually and monotonically disappears through time. The
half life of the impact on the trade deficit shock lasts between 2 and 3 years. On impact, the k-
shock increases the trade deficit in 1.8% of GDP, and appreciates the RER on 1.7%, but later as the

"In each case, we construct pseudo-histories of varniables RER and NX for each counury by drawing with
replacement from the empirical distribution of its VAR innovations, without mixing observations across
countries.
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volume of intemational funds flowing to the country declines, the RER depreciates. The initial
positive impact on the RER disappears between the second and third year, and the RER continues
depreciating, converging in the long run at a level 2% below its original level, before the k-shock.
This result is consistent with the model described in sccton 3.3.1, where initially the capital
account shock appreciates the domestic currency to effect the capital transfer, but in the long run
requires of a depreciation to service the additional external debt accumulaied in the process.

However, the permanent impact of the capital account shock on the real exchange rate is
not consistent with the finding of a stationary NX ratio described in Table 3.1. One possibility is
that indeed NX is non stationary, and inference based on Table 3.1 is wrong. This possibility is
likely as the variance of the permanent component is very small compared to the variance of the
transitory component. For example, consider the implications of the point estimates of the NX
stochastic process derived from the VAR system in Table 3.1. The persistence of capital account
shocks is well approximated by an AR(1) process with p=0.6, using r-g equal to 3%, the long run
impact on the net foreign debt-to-output ratio of a 1.8% shock on the trade deficit, as in Figure 3.1,
is 4.7%. If the intemational interest rate is approximately 5%, then the long m~in impact of the k-
shock on the NX ratio is -0.23%, which is relatively small compared to the standard error of the
same variable, 1.85%. This could explain the contradiction between the stationarity property of NX
asserted in Table 3.1, and the long run impact of the capital account shock on the RER. However, if
this was the case then there would be an inconsistency between the small impact of the initial
capiial transfer on the RER, which implies an elasticity of 1, and the long run elasticity of NX wiih
respect to RER which is approximately 0.1 18

Looking at the dynamics associated to the trade account or "competitiveness” c-shock. It
appreciates on impact the RER by 13.8%, c— RER, which is much larger than the impact of the

"capital inflows" shock. The initial impact is partially reversed and the permanent appreciation of

the RER is 9%, which is consistent with the existence of a unit root on this variable. Contrasting,
the impact of the trade account shock on capital inflows, c—=NX is negligible as shown by the

upper-right panel in Figure 3.1.
¢. Variance decomposition:

Since shocks in Figure 3.1 correspond to one standard deviaton of the corresponding
disturbance, they have been normalized and imply that c-shocks are a much more important source

18 Another possibility is that the model exhibits hysteresis through the supply side. For example, Baldwin
and Krugman (1989), and Dixit (1989) have studied the implications of costly entry and exit in trade
models. In this type of models, if the initial appreciation of the currency is large enough to induce the exit
of firms from the tradable sector into the domestic sector; then in the long run, once the impulse for
appreciation is gone, the real exchange rate returns at a level below its original level, to accommodate the
persistent contraction in the supply of tradable goods.
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of variability on the RER than k-shocks. We asses the relative impornance of both shocks on RER
dynamics looking at the variance decomposition statistics.

The top of Table 3.2 reports the split of conditional variance of ihe log-Jevel of the RER at
various horizons between unforecastable structural “competitiveness” shocks and unforecastable
structural “capital flows" shocks. The confidence intervals on these statistics, not reported, are
narrow as a result of narrow confidence bands in Figure 3.1. The standard error of the RER Jeyel
increases asymptotically as the horizon goes to infinity since this variable is i(1). The results
indicate that the "capital flows" shocks account for a very small fraction of the RER leyel variance
at all horizons, 1.4%, in the short run and 5.2% in the long run. The fraction is higher in the long
run, because the c-shock has a partial mean reverting component.

The bottom panel in Table 3.2 decomposes the conditional variance of the log-diffarence of
the RER at various horizons into fractions of the variance due 10 both structural shocks. As the
forecast horizon increases, the standard error and variance fractions converge to the corresponding
statistics on the unconditional distribution of RER differences. The results indicate that at seady
state, just 3.4% of real exchange rates shocks are accounted by the capital flows shock, while the
rest is accounted by compctitiveness shocks. The conclusion is that very little of total variability on
RER is due to the effect of capital transfers, however, the next section shows that capital transfers
represent a significant percentage of the transitory or cyclical component of RER movements.

The corresponding variance decomposition for the NX variable, not shown, implies that its
variance is almost completely due to the capital account shock as defined by this procedure.

d. Permanent and transitory components:

Looking at the dynamics in Figure 3.1 and Granger causality tests in Table 3.2.1, there is
evidence of transitory or cyclical components in RER movements as both shocks induce an initial
depreciation, later followed by a partial or complete reversion. The transitory or cyclical component
is defined in the Beveridge-Nelson (1981) sense, as the diffcrence between the current level of the
variable and the infinite horizon expectation of it, excluding deterministic trends. In other words,
the transitory component is the stochastic part of the expected appreciation (depreciation) on the
RER. We use as a summary measure of transitoriness the rato of the variance on the transitory
component relative to the RER variance, both measured as conditional 1-step variances. We
compare this measure to the corresponding measure derived from an univariate AR representation
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of the model estimated with the same number of lags in order to asses the marginal contribution of
the trade balance in the detection of transitory fluctuations in real exchange rates.'”

The results in Table 3.2.3 show that the conditional variance of the transitory component
19% of the conditional variance of RER, which is only slightly above the vanance of the transitory
component obtained from an univariate decomposition, 13%.20 This indicates that the inclusion of
lagged NX on the RER equation has only a marginal impact, although statistically significant, on
the predictability of the RER. It is important to remark that this result does not depend on the
identification assumption, only the allocation of the permanent and transitory component across
structural shocks is determined by it.

The decomposition of permanent and transitory innovations between both shocks, shows
that the capital account shock accounts for 38% of the 1-step conditional vanance of the transitory
or cyclical compenent of the RER, while its contribution to the permanent component of the RER
is just 5.5%. Therefore, capital transfer shocks as identified by this procedure account for an
important fraction of the transitory component on RER, but the transitory component represents a
very small fraction of the overall variance of RER.

e. Contrasts between investment and savings shocks to capital flows:

In the simple set-up of section 3.3.1, we could distinguish three sources of shccks on
capital inflows. The first two are irtemnal or pull factors: shifts in the savings schedule, shifts in the
investment schedule; and the last one corresponds to external or push factors: shifts in the
intemational interest rate or courtry risk perceptdon which shift the supply of extemal funds
available for the country. Now we ask if there is a difference in the response of the RER with
respect 1o investment and savings shocks. As it was argued in section 3.4 is more likely the
orthogonality of shifts on savings or external credit conditions with respect to shifts in the trade
balance determinants of the RER, than the orthogonality of investment shocks with respect to the
same fundamentals, because investment shocks are more likely correlated to productivity shocks
which affect the RER too.

We use a crude method to obtain a measure of investment and savings shocks
instrumenting the trade balance ratio directly on the investment and the consumption ratio, and then
running the same estimation procedure. Figure 3.2 shows two impulse responses of the RER

This measure is related to the persistence measure proposed by Campbell and Mankiw (1987) based on the
impulse response function of an univariate process. Consider the moving average representation (or impulse
response function) for one step movements in the log real exchange rate:

Ag, =C(Ly,
20Adding more lags to the VAR system increased the variance accounted for the transitory component 10
30%, but did not affect other results.
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associated to each instrumented capital account shocks. In both cases we observe an appreciation of
the RER in the shont run, later followed by a depreciation of the currency. However, the expected
reversion is much larger in the case of the savings shock. An additional percentage point in the
trade deficit induced by the savings shock is associated to an expected depreciation of 4.4%, while
if its associated to the investment shock the corresponding expected depreciation is 1.4%. In the
first case, the RER converges in the long run up to a level below its original level, while in the
second case it remains above it. The resuils are suggestive, but further exploration would require of
a better set of instrumental variables since under imperfcct capital mobility, or for other reasons,

investment and savings are highly correlated.
f. Alternative long run identification scheme:

As an alicmative identification assumption we considered a decomposition scheme that
defines the capital transfer shock as one that has no long run impact on the real exchange rate, but
allows real exchange rate shocks to have a long 1un impact on the net foreign asset position. This
assumption is equivalent to accept the joint hypothesis of a stationary NX ratio and the verification
of the IBC, as they imply that capital transfers have no long run impact on the RER through the
demand channel.

The dynamics appear in Figure 3.3, and related statistics are reported in tables 3.1 and 3.2.
The results are very similar: the temporary trade deficit identified as the capital transfer shock
appreciates the real exchange rate in the short run, and predicts a future depreciation ( k—RER).
There is a big increase on the impact effect of the capital transfer shock on the RER, which now
appreciates in 4.8% afier a 1.75% impulse on NX. The effect on the RER is almost completely
undone by the fourth year. Correspondingly, the size of the transitory component associated to the
capital account shock is larger and accounts now for 60% of the conditional variance on the
expected RER appreciation (depreciation). However, still the capital transfer shock accounts for
just 11% of the !-step conditional variance of the RER, 14.5% of the steady state (long run)

variance of the RER differences, and by definition 0% of the RER level variance.?'

Summarizing, the results indicate that the "capital transfer" shock, which in practice is
identified by the model as unexpected movements in the trade balance, induce transitory but small
movements on the RER. The capital transfer shock as identified by this procedure account for an
important fraction of the transitory component on RER, but the transitory component represents a
very small fraction of the overall variance of RER. The results indicate that trade account deficits,

2llncreasing the number of lags to 8, makes larger the initial impact of the capital transfer on the RER, 6%,
and the wransfer shock accounts for 21% of the 1-siep conditional variance of the RER Jeyel, and 25% of the
long run variance of RER differences, and by definition none of the RER Jevel.. The capital account shock
accounts now for 72% of the conditional variance on the expected RER appreciation (depreciation).
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below some normal level, are a sympiom of an “over appreciated” currency, in the sense that they
predict a future real depreciation, but not nccessarily evidence of any disequilibrium in the
economy.

3.4.2 Terms of Trade and Productivity Shocks

Next we add the terms or trade (TOT) and relative productivity (Y) to the VAR model
described above. Granger causality tests are reported in Table 3.4.1. The results continue to indicate
that lagged observations of the trade account have significant predictive power for future RER
movements, and so do lagged observations of TOT movements and RER differences, while lagged
observations of Y could be excluded at the 5% significance level. In the case of NX, lagged
observations of itself and of TOT movements have significant predictive power for the evolution of
this ratio, while Y and the RER rate can be excluded at conventional significance levels. In relation
to TOT shifts, only NX and marginally the RER have some predictive power for its future
evolution. Finally, all vanables, cxcept lagged TOT, have a statistically significant predictive
power for output.

It is interesting to notice the significant role of the trade balance in predicting transitory
movements on relative output and in the terms of trade. This property is consistent with the
implications of an intertemporal consumption smoothing model of the current account, where
transitory income movements are smocthed out through transitory capital flows (current account
imbalances). We come back on this issue below.

The dynamic effects of disturbances and confidence intervals based on bootstrapping
simulations are shown in Figure 3.4. The identification assumptions are equivalent to those in
Figure 3.1. We use a triangular long run decomposition of the vector TOT, y, NX and RER,
ordered from the most (long run) exogenous to the least (long run) exogenous. The stochastic trend
of net foreign assets (reiative to GDP) is exogenous to the stochastic trend of the real exchange rate
as in section 3.4.1., but productivity and terms of trade shocks could affect it.

First, look the dynamics of the RER with respect 10 cach of the structural disturbances in
the lower row of Figure 3.4. The impulse response function of the RER with respect to the capital
transfer shock (third column, last row, k—RER) is very similar to the impulse response function in
Figure 3.1: an innovation of 1.7% of GDP on the trade dcficit appreciates the RER in 2.0% on
impact, but through time as the trade deficit disappecars, the real exchange rate depreciates,
converging in the long run to a level 2.6% below its original value.
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Shecks on productivity have an immediate impact on rclative output of approximately 4%,
and almost no effects on TOT or NX (sccond column in Figure 3.4: Y—>TOT and Y—NX). The
RER shows no contemporancous cffcct of the increase in productivity but through time appreciates
gradually up 10 a 2.1% in the long run (Y—RER). The dircction of the long run effects is consistent
with the Balassa-Samuelson effect described in section 3.3.1, and quantitatively is remarkably
similar to panel estimates of 0.5 for the (long run) RER elasticity with respect to Y obtained by De
Gregorio (1995) for a panel of 78 countries.

An improvement on TOT has an immediate and permanent cffect on TOT and Y, which
includes a terms of trade correction (first column, TOT—-TOT and TOT—y). At the same time, the
response of NX is negligible (TOT—NX). However, the RER shows & strange pattem of response
to the terms of trade shock, it appreciates in the short run, but depreciates in the long run, however
the response is not significantly different of 0 (TOT—RER). Finally, the response of the RER with
respect to the competitiveness shock (RER—RER) is very similar to the response shown in Figure

3.1, showing a significant transitory component.

The variance decomposition of the RER Jevel between unforecastable structural
disturbances is reported in Table 3.4.2. In the short run, onc year, the "capital flows" shock
accountis for a very small fraction of total variance, 2.1% approximately, in the long run its
contribution increases 10 7.9% of the total variance. The competitiveness shock accounts for most
of the variance, 98% at the 1-step horizon and 85.8% in the long run. Surprisingly, the
contributions of the terms of trade and productivity shocks to the RER variance are very small.

The role of transitory components on real cxchange raic movements is shown in Table
3.4.3, and remains almost unchanged. The conditional 1-step variance of the transitory or cyclical
component is larger than the corresponding variance from an univanate representation, and most of
it is allocated to the capiial flows shock, 40%, and the competitiveness shock, 48.8%. In
conclusion, adding relative cutput and terms of trade does not alter the description of real exchange
rate dynamics obtained from: the simpler VAR mode! in Figure 3.1, but simply decomposes the
sources of variation on iis permanent component.

Looking at the rest of the dynamics in Figure 3.4, it is interesting to notice that the capital
inflows shock is associated to a uransitory terms of trade fall. The capital inflows shock is
responsible for 22% of the 1-step conditional variance of TOT, and 25% of the unconditional
variance. This result can be explained in the consumption smoothing framework for the current

account determination, where transitory terms of trade shocks arc smoothed out through temporary
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current account deficits (Svenson and Razin, 1983; Sachs, 1981).?2 The problematc aspect is that
this deterioration of terms of trade is associated to a real ecxchange rate appreciation which is
counterintuitive although theoretically possible. (Edwards, 1989)

One possibility is that these dynamics are the consequence of imposing a structure of
shocks which is too simple. For example, if there are two types of terms of trade shocks: permanent
and transitory, and economic agents can distinguish between them, then the dynamic response of
the rade balance and the real exchange rate will be different to each type of shock. However
incorporating this additional shock renders the empirical model unidentified and the estimated
impulse response functions comrespond to a mix of the true impulse responses function in the
systern. This could be the explanation of the strange pattem of response of the RER to the terms of
trade shock, and the predictive role of the trade balance for future terms of trade movements.

We attempted to deal with this problem including as exogenous variables lags and Jeads of
changes in the terms of trade and output, identifying a simpler VAR model with the two variables
NX and RER, using the same identification scheme as in Figure 3.1. The results, not reported,
essentially replicated those in Figure 3.1 and Table 3.3.2.

Finally, estimates based on the altemative long run identification scheme in which the trade
account shock by definition has no long run impact on the real exchange rate, are reported in Table
3.5. The results are very similar to those in Figure 3.4: trade account deficits are systematically
associated to transitory overvaluations of the real exchange, i.e. an expected depreciation of the real
exchange rate, and the trade account shock account for approximately 18.5% of the 1-stcp
conditional variance on innovations, and 20.3% of the unconditional variance (Table 3.5.1). The
capital flows shock accounts for 63.6% of the conditional variance of the transitory ot cyclical
component on rea! exchange rate movements. Since 87% of the variance on the trade account is
associated to the capital inflows shock, once again we confirn the finding that abnormal trade
deficits are associated to "over-appreciated” exchange rates. However, overall the permanent
component of RER movements is much larger than the transitory component.

3.4.3 Nominal shocks

Next we add nominal shocks to the VAR system. Several papers have investigated the role
of inflation differentials (or altermatively, nominal cxchangec rate movements) in predicting
transitory real exchange rate deviations (Clarida and Gali, 1994; Lastrapes, 1992; Evans and

ZThis finding suggests a permanent-transitory decomposition of terms of trade movements based on a VAR
between net exports and terms of trade. Cochrane (1994) uscs a similar framework o decompose income
movements in transitory and permanent looking at the joint behavior of savings and income.
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Lothian, 1993). The inclusion of lagged inflation differentials in the model does not alter any of the
conclusions obtained above, and panicularly we do not find any evidence of additional transitory
movements on the real exchange rate induced by the nominal shock. (Figure 3.5) In fact, the only
significant impact of the nominal shock on real variables is a transitory increase in real output (last
column, third row).

3.4.4 Individual Countries Results

The structural VAR for NX and RER was estimatcd separately for each individual country
in the sample. The main results related to the capital transfer shock are summarized in Table 3.6
and Figure 3.6 shows the dynamics for each country of the RER with respect 10 both structural
shocks. The identificadon assumption is that the capital transfer shock has no long run impact on
the RER. Overall, the results indicate that some cauticn is nceded in the interpretation of the results
obtained above, since there are important differences across individual country estimates. First, the
results of Dickey-Fuller unit root tests on the net exports-10-output ratio shows that for 5 countries
in the sample the unit root hypothesis cannot be rejected for the trade account ratio at the 5%
significance level and for 11 countries the hypothesis is not rejected at the 1% level. However, it is
known that unit root tests based on relatively short time series as those in Table 3.6 have small
power, and using a panel framework as in Table 3.1 can provide dramatic improvements in
statistical power compared (0 performing a separate unit root for each individ.al time series (Levin
and Lin, 1991). Second, there is wide dispersion on the point estimates of the short run impact of a
1% capital transfer shock on the RER, despite narrow confidence bands for individual countries.
The capital transfer depreciates the RER for 7 out of 18 countries, against theory and the results
described above. Third, the multivariate model detects significant transitory components on RER
movements, but the role of capital transfers on those movements varies widely across countries
from 2% 10 99%.

3.5 Conclusions

This paper has used a structural VAR methodology to examine the empirical relationship between
current account imbalances and real exchange rates dynamics in a panel of Latin American
countries from 1950 to 1992. We have assumed two types of fundamental disturbances generating
real exchange rate and current account dynamics, the first one having a permanent impact on the
net foreign asset position of the country and the sccond having only transitory effects. We call the
first one a "capital account” shock, and the second one a "trade account” shock. Under that
interpretation we have detected that capital inflows (outflows) shocks have a transitory and positive
(negative) impact on real exchange rates, and a negative (positive) impact on the trade balance
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which disappears approximately in 4 years. The dynamics correspond (0 what is expected from
capital flows shocks, since if capital flows do indeed require of ¢xchange rate movements to be
accommodated, then those effects should be mostly transitory as capital flows fluctuations should
themselves be transitory if the IBC of the country is venificd.

The main finding is that the capital account shock makes a significant contribution to the
transitory component of the real exchange rate, but overall it makes a small contribution to totai
RER movements, since the permanent componeat clearly dominates the variance of RER
movements. This evidence is consistent with evidence supporting a random walk description of
real exchange rates (Roll, 1979; Adler and Lehmann 1983; Meese and Rogoff, 1988), and it is
consistent with evidence on transitory components for the currencies of the main industrial
economies reported by Clarida and Gali, 1994; Evans and Lothian, 1993; Lastrapes, 1992 who
include inflation differentials in the information set. However, once the trade balance is included in
the VAR, inflation differentials show no predictive power for real exchange rate movements.

Finally, the evidence suggest that trade imbalances are an important piece of information to
asses the sustainability of exchange rates, as the data shows that trade deficits are on average
associated with an overvalued exchange rate in the sensc that a real depreciation is expected.
However, incorporating more information about the source of the imbalance could alter this
conclusion as for example trade account imbalances which originate on shifts on the investment
schedule tend to be associated to a permanent real appreciation, while trade imbalances originated
in shifts in private or public consumption are associated to a pecrmanent real depreciation.
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Table 3.1: Unit Root Tests

DF ADF(1)
unit roots
real exchange rate (RER) -5.46 -5.72
net exports (NX) -13.06 -12.20
relative output (y) 4.12 -5.04
terms of trade (TOT) -5.52 -5.11
cointegration
RER=o,TOT +0,Y -9.78 9.79
n 18 18
aT 748 748

Note: All regressions include a set of
individual and time effects dummics:

Ax, =px, , + ZS,D, +Y 8,D, +u,

Table 3.2.1: VAR(4) estimate

Real Exchange Rate and Net Exports
NX ARER

Granger causality test /12
{(NX)1.i 88.138 3.429
(0.00) 0.01)

(ARER}; 1.361 11.265
(0.25) (0.00)

R? 0.342 0.075

s.e. 1.849 14.236

n 18 18

nT 676 676

Notes: 1. VAR estimates based on a
panel of 18 latinamerican countrics
from 1950-1991. Regression includes a
constant, a complete set of specific time
and individual effects, and four lags of
each variable. 2. F-tests and p-valucs.
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Table 3.2.2: Variance Decomposition

horizon  stand.deviation capital flows compelitiveness

Real exchange rate [eyel
1 14.14 1.36% 98.64%
2 19.26 0.86% 99.13%
3 21.89 0.78% 99.21%
4 23.65 1.32% 98.67%
5 24.96 2.05% 97.94%
10 32.62 3.11% 96.88%
oo - 5.20% 94.80%
Real exchange rate difference
1 10.97 1.36% 98.64%
2 11.04 1.77% 98.22%
3 11.36 2.68% 97.32%
4 11.51 3.28% 96.71%
5 11.56 3.33% 96.66%
10 11.60 3.36% 96.93%
o 11.61 3.36% 96.63%

Notes: 1. Based on VAR(4) estimates in Table 3.2.1.

2. Identification procedure: net foreign asscts are long run
exogenous of the real exchange rate. The rate of
accumulation, r-g, is set equal to 3%.

Table 3.2.4: Permanent and Transitory Components

Real exchange rate

standard deviation capital flows compeltitiveness total multivariate  univariate
Transitory comp. 3.8 49 6.2 53
Permanent comp. 2.2 9.1 9.4 9.6

Total 1.6 14.0 14.1 14.9
V(TN 5.2 0.12 0.19 0.13

Notes: 1. Based on VAR(4) estimates in Table 3.2.1. 2. Identification procedure: net foteign assets are
long run exogenous of the real exchange rate. The rate of accumulation, r-g, is set cqual to 3%.
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Table 3.3.1: Variance Decomposition

horizon  stand. error capital flows competitiveness
Real exchange rate level
1 14.14 11.63% 88.36%
2 19.26 9.94% 90.06%
3 21.88 8.27% 91.72%
4 23.65 7.09% 9291%
5 2497 6.40% 93.59%
10 32.62 3.77% 96.22%
ad - 0.00% 100.0%
Real exchange rate difference
1 14.14 11.63% 88.36%
2 14.20 12.16% 87.84%
3 14.52 13.56% 86.44%
4 14.66 14.39% 85.61%
b 14.71 14.49% 85.51%
10 14.77 14.54% 85.46%
oo 14.77 14.54% 85.46%

Notes: 1. Based on VAR(4) estimates in Table 3.2.1.

2. Identification procedure: capital account shock has no long
run impact on the RER. Rate of accumulation, r-g, set equal
10 3%.

Table 3.3.2: Permanent and Transitory Components

Real exchange rate

standard error capiial flows competitiveness Total muitivariate  univariate
Transitory comp. 3.9 4.8 6.2 53
Permanent comp. 9.4 0.0 9.4 9.6

Total 13.3 4.8 14.1 14.9
v(@Tn)N 0.09 1.00 0.19 0.13

Notes: 1. Based on VAR(4) estimates in Table 3.2.1. 2. Identification procedure: capital account shock
has rio long run impact on the RER. Rate of accumulation, 7-g, set equal 10 3%.
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Table 3.4.1: VAR(4) estimates
Real Exchange Rate. Net Exports, Productivity and Terms of Trade

ATOT AY NX ARER
Granger causality tesi
2
(ATOT},; 1.15 1.11 6.02 3.77
(0.33) (0.35) (0.00) (0.00)
(AaY),; 0.50 332 .77 1.98
(0.73) 0.01) (0.54) (0.09)
{NX),.; 7.10 2.36 89.26 4.73
(0.00) 0.05 (0.00) (0.00)
(ARER) 2.93 3.66 1.28 13.67
(0.02) (0.09) 0.27) (0.00)
R? 0.046 0.044 0.361 0.103
s.c. 1.41 4.55 1.82 14.01
n 18 18 18 18
nT 676 676 676 676

Notes: 1. VAR estimates based on a panel of 18 latinamerican countries from 1950-
1991. Regression includes a constant, a complete set of specific time and individual
effects, and 4 lags of each variable. 2. F-tests and p-values.
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Tabie 3.4.2: Variance Decomposition

horizon stand. error terms of trade  productivity capital flows compeltitiveness
Real exchange rate [eve]
1 13.84 0.04% 0.01% 2.06% 7.89%
2 18.87 1.04% 0.15% 1.32% 97.48%
3 2141 1.22% 0.53% 1.10% 97.14%
4 23.16 1.23% 1.16% 1.41% 96.18%
5 24.43 1.19% 2.59% 1.56% 95.24%
10 31.73 1.01% 2.98% 3.04% 92.96%
o - 1.20% 5.12% 1.93% 85.75%
Real exchange rate difference
I 13.84 0.04% 0.01% 2.06% 97.89%
2 14.04 1.40% 0.35% 2.62% 95.63%
3 14.41 1.47% 0.55% 3.49% 94.49%
4 14.53 1.50% 0.68% 3.94% 93.86%
S 14.69 2.83% 0.76% 3.90% 92.49%
10 14.75 2.87% 0.86% 3.99% 92.29%
oo 14.75 2.87% 0.86% 3.99% 92.27%

Notes: 1. Based on VAR(4) estimates in Table 4.1.2. Identification procedure described in text.
Rate of accumulation, r-g, set equal 10 3%.

Table 3.4.3: Permanent and Transitory Components

Real exchange rate

stand. error  terms of trade productivity  capital flows competitiv.  multivariate  univariate

Transitory 1.3 2.2 4.6 5.1 74 53
Permanent 1.1 2.1 2.7 8.6 9.3 9.6
Total 0.3 0.1 2.0 13.7 13.8 14.9
V(v 24.15 445.34 5.48 0.14 0.28 0.13

Notes: 1. Based on VAR(4) estimates in Table 4.1. 2. Identification proccdure: capital account shock
has no long run impact on the RER.
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Table 3.5.1: Variance Decomposition

horizon  siand. error terms of irade  productivity capital flows competitiveness
Real exchange rate [eyel

1 13.84 0.04% 0.01% 18.46% 81.49% -
2 18.87 1.04% 0.15% 15.81% 82.99%
3 2141 1.22% 0.53% 13.53% 84.70% -
4 23.16 1.23% 1.16% 11.74% 85.86%
5 2443 1.19% 2.59% 10.70% 86.12%
10 31.73 1.01% 2.98% 6.52% 89.48% )
oo - 1.20% 5.12% 0.00% 85.75%

Real exchange rate difference
1 13.84 0.04% 0.01% 18.46% 81.49%
2 14.04 1.40% 0.35% 18.87% 79.37%
3 14.41 1.47% 0.55% 20.24% 71.74% -
4 14.53 1.50% 0.68% 20.85% 16.95%
5 14.69 2.83% 0.76% 20.42% 75.97%
10 14.75 2.87% 0.86% 20.31% 75.97%
oo 14.75 2.87% 0.86% 20.31% 75.97%

Notes: 1. Based on VAR(4) estimates in Table 4.1.2. Identification procedure described in text.
Rate of accumulation, r-g, set equal to 3%.

Table 3.5.2: Permanent and Transitory Components

Real exchange rate

stand. error terms of trade productivity  capital flows compelitiv. multivariate  univariate

Transitory 1.3 22 59 3.5 74 53
Permanent 1.1 2.1 0.0 9.0 9.3 9.6
Total 0.3 0.1 5.9 12.5 13.8 14.9
VTV 24.15 445.34 1.0 0.08 0.28 0.13

Notes: 1. Based on VAR(4) estimates in Table 4.1. 2. Identification procedure: capital account shock
has no long run impact on the RER. .
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Table 3.6: Individual Countries Results _
Summary of Resulis Related to Capital Flows Shock

DF Test shormt run % of V(RER) % of V(RER) % of RER V(Tr)/V(RER)

on NX RER impact 1-step 2-steps transitory l-step
1% shock variance

CostaRica  -3.19 441 32.7% 21.2% 89.8% 59% -
Dom.Rep. -3.80 1.78 10.6% 10.9% 35.4% 54%
El Salvador  -1.81 4.25 34.8% 42.1% 9.6% 606%
Guatemala  -3.37 -0.55 0.5% 0.6% 2.0% 50%
Honduras 4.15 1.25 8.1% 4.5% 17.1% 70%
Jamaica -2.73 -1.09 1.9% 4.6% 99.7% 28% -
Mexico -1.74 4.14 2.9% 2.0% 67.8% 21%
Nicaragua -3.28 1.69 10.3% 5.7% 36.5% 53%
Argentina -2.95 3143 40.6% 37.5% 99.3% 4%
Bolivia 4.62 -1.78 5.9% 12.6% 12.4% 67%
Brazil -3.04 11.15 27.2% 20.0% 60.3% 67%
Chile -3.73 0.72 1.8% 8.1% 12.7% 29%
Colombia -2.96 6.83 38.2% 45.7% 60.8% 80%
Ecuador 444 052 0.98% 2.9% 4.0% 46%
Paraguay -3.48 8.68 59.3% 53% 76% 88%
Peru -3.23 6.24 40.1% 44.0% 99.8% 63%
Uruguay -2.57 10.9 47.1% 47.3% 81.7% 76%
Venezuela -2.92 -0.99 10.9% 10.1% 42.0% 51% =

Notes: 1. Based on VAR(4) estimatcs. 2. Identification procedure: capital account shock has no long run
impact on the RER.
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Figure 3.1
VAR(4): NX and RER
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Nctes: 1. Confidence interval at the 90% significance level
obtained from 500 bootstrapping simulations. 2. The K-shock
corresponds to the capital flows defined as the stochastic trend
of net foreign assets (debt), and the C-shock corresponds to the
competitiveness shock, defined as a shock that has no impact on
the long run level of net foreign assets.
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Figure 3.2
RER Dynamics: Instrumented K-shock
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Notes: 1. The K-shock corresponds to the capital flows defined as the stochastic uend of net foreign
assets (debt). The KIV-Investment corresponds to the results of instrumenting the trade balance
fluctuations on investment, and KIV-Saving corresponds to thc results of instrumenting the trade
balance fluctuations on savings.




Figure 3.3
VAR(4): NX and RER
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Figure 3.4
VAR(4): Y, TOT, NX and RER
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Figure 3.5
VAR(4): Y, TOT, NX, RER and P
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Chapter 4

Consumption of Durable Goods in Israel and Chile

4.1 Introduction

This paper is an empirical study on the determinants of durable consumption in Chile and Israel.
Understanding the empirical behavior of durable purchases it is important because it represents the most
volatile pant of private consumption, and it is a major fraction of consumption goods imports in
developing countries. Furthermore, at least theoretically, its behavior should be very different from non-
durable consumption. Fluctuations on durable purchases should be highly predictable, and largely
transitory, while non-durable purchases should follow approximately a random walk, and therefore its
fluctuations be unpredictable.

One interesting and related question is to understand the behavior of durable purchases in major
stabilization programs anchored in the nominal exchange rate. Two recent studies of exchange rate-based
stabilization programs (ERBS's) implemented in Latin America and Israel point out the puzzling
expansionary effects of these programs. Large irncreases in private consumption -- particularly, on durable
consumption— are observed at the beggining of these programs, while a recession comes only at a second
stage of the program. (Kiguel and Liviatan (1992) and Vegh (1992)). Two of the leading hypothesis offered
to account for the pattern of response of private consumption through ERBS’s: permanent income revisions
and abandonment expectations, have distinctive predictions on the behavior of durable consumption
through the stabilization process. If abandonement expectations drive the behavior of durable goods in
ERBS's, we expect booms in durable purchases to be short lived and largely reversed after a few periods,
and without impact on the long run stock of durable goods. Furthermore, we expect a positive correlation
of financial variables measuring devaluation expectations and durable purchases. In contrast, when
permanent factors as wealth revisions or expansions on credit availability drive the boom, we expect a
permanent change in the stock of durable goods.

The dynamics of durable consumptions are estimated separately for each country using a structural
VAR approach. The VAR provides a flexible tool to describe the dynarnics of consumption of durables and
non-durable goods, but at the same time imposes enough structure o interpret the source of their
fluctuations and understand the nature of their dynamics. Using the methodology pioneered in papers by
Blanchard and Quah (1989), Shapiro and Watson (1988) and King, Plosser, Stock and Watson (1989),
long run restrictions identify the structural VAR system. In the first stage, the long run cointegration vector
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that links durable and non durable consumption is estimated, idenufying the “deep” parameters that
describe consumer preferences. In the second stage, the dynamics of the vector of aggregate consumption
are estimated. imposing the long run relationship found in the first stage. The dynamics are dccomposed in
three types of shocks: a wealth shock, that affect in a permanent way both components of consumption; a
price shock, that reallocates consump:iion between durables and non-durables; and an inteniemporal
substitution effect that shift purchases, mainly of durables, across time, but does not have long run effects
on the consumption vector.

The main empirical results of the paper can be summarized as follows. First, the long run behavior
of durable purchases is estimated from a cointegrating relationship containing a wealth and a price trend.
The elasticity on the wealth trend is esimated to be above 1.0 in the cases of Chile and Israel, and theprice
elasticity is estimated to be between -0.5 and -1.0. Second, the short run empirical dynamics of durable
purchases shows that stock adjustment is slow, much slower than predicted by the standard permanent
income model with no transaction costs (Mankiw, 1982; 1985). Durable purchases appear to be positively
correlated in the short run. contradicting the negative correlation predicted by the standard model
However, there is evidence that the adjustment period good is characterized by an initial period of
overshooting when most of the stock adjustment happens followed by gradual convesgence to its long run
value. Third, the model shows that most of the variance in durable purchases is accounted by permanent
price and weath shocks, but substitution shocks account for a significant component too, particularly in the
case of Israel. Furthermore, the substitution shock on durable purchases, which in practice corresponds to
surges or depressions in durable purchases not accompanied by changes in non-durable consumption, is
significany associated to financial vaniables like the black markct premium and measures of capital flight
showing the importance of speculative factors in the timing of durablc purchascs.

The complexity of the dynamics revealed by the empirical estimates indicates how difficult is to
provide the night account of the developments in durable purchases just from looking to the series. In the
case of Israel, the structural VAR empirical model is used as a filter to disentangle the particular shocks
hiting the economy during the stabilization program initiated in 1985, and provides an historical account of
the leading shocks through the period. The estimates indicate that the initial expansion observed in durables
through 1986, two quanters after the stabilization program started, is within normal levels once the special
dynamics of durable goods are taken into account, and other structural variables like prices and permanent
income are included in the regression. However, substitution cffects start appearing towards the end of
1986 and continues for the next two years, and surges in durable purchases precedes actual devaluations of
the Shekel. The abandonment expectation hypothesis, stressed by Calvo (1986, 1991, 1992) and Drazen
(1990) among others, do not appear to explain the initial period of expansion, but explains why it sustained
in a later stage as the govemment delayed for political reasons a necessary and according 1o observers

expected devaluation.
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The next section presents a theoretical model of durable consumption. Section 4.3 describe an
empirical model for durable consumption and section 4.4 estimnates this model for Isracl and Chile.

4.2 The Model

In this section we derive a model of the aggregate demand for consumption of durable goods based on
the representative consumer assumption. The model is a version of the permanent income frictioniess
model of consumption, and the same structure has been used by Mankiw (1982, 1985), Lusardi (1990)
and several others for studying the behavior of durable goods in the U.S.. The pemmanent income
frictionless model imposes tighi restrictions on the stochastic behavior of durable consumption which are
rejected by the data, (Caballero, 1994), but despite this, provides a useful framework to understand the
main determinants of the demand for durable goods and organize the empirical work of this paper.

The representative consumer maximizes the following utility function:

Max }E( ZB ‘U(Clu 'Ku-:)

{clu-xl-l =0

(M
subject to an intertemporal budget constraint, which has the dynamic representation:
A.=R.,(A-C-FX)
¢
The stock of durables changes over time according 10 the following equation:
K, =X, +(1-0),
3

where :

E,= expectation conditional on information available at time t;

C, = consumption of non-durable good at time t;

K, = stock of the durable good at time t;

X, = durable good purchases at time t;

A, = stock of wealth at time t (measured in units of non-durable good);
Ry41 = interest rate at time t (measured in units of non-durable good);

P, = relative price of durable goods at time t (measured in units of non-durable good);
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The solution to this problem is standard so I skip the details 10 focus direcdy on the first order
conditions necessary for the maximization of (1),

6, +E[B1-8)A,.P.]= AR

@

A =E[BR A,.,]
(&)
where:
A = marginal uiility of non durable good consumption at time t;
8, = marginal utility of durable good consumption at time t;

Equation (4) shows that along the optimal plan the consumer is ex-ante indifferent between
buying an extra unit of the durable good and selling it on the next period, or buying P, units of the non-
durable consumption good. Equation (5) is the standard Euler equation for non-durable consumption.

In order 10 link theory with obscrvations we need some parametrization ©, and A, in terms of
observable variables. Following the standard in the empirical literature I assume separability across goods
and an iso-elastic utility function for each good. (Mankiw (1982, 1985); Clarida (1993)):

0,=6K"
(6)
A =C"°
Q)
Ex-post equation (4) can always be written as:
8, +B(1-3)A, R, =AFG,,
®

where Gy, 1= ex-post excess retums on buying a durable good at time t;

The excess returns variable {G,,,} accounts for a varicty of factors that prevent (4) from holding
exactly at each point in time. It includes innovations to the information set, unobservable taste shocks,
adjustment costs, liquidity constraints, measurement error and other possible departures of the model
from reality.

This equation can be log-lincarized using a first order Taylor approximation for the right hand
side of equation (8):
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log(G,,,) +log(A L) =1log(©,+B(1-0)A,, 5.}
)

gul + 7\'1 + pl Eaﬁ +p(.}‘|.| + p‘.l) +(l _p)e,.|

(10)

where lowercase letters represent the log of the corresponding uppercase letter and p is a number below

but very close to one.
Defining a new variable z;:

z,=A,+p, -9,
(11)

equation (10) can be written as:

zl = ao + pAe:-l - glol + pzr—l
12)
solving forward, and using the fact that z, is a stationary variable, and the orthogonality of the excess
retumns variable g,,, with respect to all information available at time t, Eg,,, =0, Vs2/, then (12) can

be expressed as a present discounted value relationship:

Z, EYkl -0, +p = zp'(pYAk“')‘*.l—i‘n_p

(13)

The intuition behind this cxpression is straightforward, z, represents the deviation of the stock of
durables K, from its long run demand, therefore positive deviations from the long run demand level
predicts a period of falling durable. If K, is an I(1) variable, one implication of equation (13) is the
existence of a cointegrating relationship between K,, C, and P,.

Yk, —ac, +p, ~1(0)
(14)

The cointegrating vector corresponds to the variable z, and the coefficients from this vector
identify the parameters from the utility function. Holding constant the marginal utility of wealth, the
long-run price elasticity of durable goods with respect to its relative price is -1/y, holding constant the
price, the long run elasticity of durable consumption with respect to non-durable consumption is ¢ /y.

Mankiw (1982) simplifies the model, and assumes certainty equivalence, R=R and P=P, and
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arrives to the following expression characterizing the behavior of durabie purchases:
Kl = Kl-l + el'

AX =e” -(1-0)e,
(15)

where ¢~ is a White noise innovation that represents wealth shocks. Fluctuations in durable purchases are
expected to be more volatile than non durable purchases, more predictable and negatively autocorrelated.
As it is well known, the tight restrictions on the variable g, implied by the standard frictionless permanent
income model are drcmadcally rejected by the evidence (Mankiw, 1982; Caballero, 1994). At the
aggregate level, there is too much inertia in durable purchases, implying the predictability of g,.,. As will
be evident in the empirical section of the paper, the same observation is true for the sample of developing
countries considered here. However, this does not neccssarily invalidate the cointcgration restriction
derived in (14). Imposing the weaker restriction that the excess retums variable g, follows a stationary
mean zero process, the model still predicts the existence of a cointegrating vector between K,, C, and P,.

The next step is 1o combinc the two first order conditions in (4) and (5), to understand where do
transitory deviations z, come from. First, I write the ex-post log-lincarized version of cquation (5):

AH,, =BR A,
(16)
h+h=a+r, +4,,
a7

where H, = excess log-retums on holding wealth (financial asscts). Combining equatons (13) and (17)
and after simple manipulations we arrive t0:

/r —_
Z Eaz"'m_'_.l)'_gm +phl-l
1-p

(18)

Taking expectations conditional on information available at time t, and imposing the
orthogonality condition on the residual term h, we have an cquation that describes the relationship

between z, and the real interest rate in terms of durable goods:

Z, .=.a, + pEl(rl-l _Ap:-l) = Yk, = O,C' "I), +a2 + pEl(’;'I —Apl‘l)

1-p 1-p

(19)
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This cquation highlights the three determinants of durable goods consumption: permancnt
income, measured here by ¢, the relative price p, and the real interest rate measured in terms of durable
goods. The expectation of a low interest rate increases the durable stock beyond its long run demand.

As in the case of durable goods, there is a relatively large literature showing that the tight
orthogonality conditions imposed by the standard permanent income model on h, are rejected by the data,
both in developed and developing economies. The rejection is less severe that in the case of durable
goods, because ¢, follows approximately a random walk as implicd by the model; however, a number of
variables, in particular expected income growth, have significant forecasting power for consumption
changes. The same observation is true for the sample of countrics considered in this paper. Given this
evidence, I do not place too much emphasis on this aspect of the data. For the purposes of this paper, the
main result of this section refers 1o the long-run propertics of the data: the existence of a cointegration
relationship in the system (K,, C,, P). Under the mild restriction of stationarity of g, and h,, the model
predicts that these three variables should share two stochastic trends: the wealth trend and the price trend.

4.3 An Empirical Model for Durable Consumption

In this section an empirical model for durable consumption is set-up based on the discussion of
section 4.2. One possibility would be to pursue an explicit formulation of the theoretical model
described above and to test the implied restrictions. This strategy is not followed because there is enough
evidence documenting the rejection of the standard consumption model, particularly for durable goods.
Instead, a more general model is studied, which is likely to be more useful to understand the behavior of
durable purchases. The empirical strategy follows the same approach that papers by Blanchard and Quah
(1989), King et al. (1990), Shapiro and Watson (1987) in the context of output fluctuations. In particular,
I use the long run properdes of the model, that are more likely to be robust to specification issues than
the short run properties, as a way to decompose its dynamics.

a. Long run properties

Assume that the first difference of Y,= [P,, C., K, ] is gencrated by the vector autoregression of

order p:
AY, =pu+ A(L)AY, , +4,
(20)

The 3-dimensional sequence of disturbances (u,} is white noise with zero mean vector and
covariance matrix L. Empirically each of the variables in Y, will be shown to be I(1), and following

King et al. (1988) the model can be written as a generai factor model, where the common factors are

random waiks. The common trends representation can be written as:
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Y =x+ AT, + D(L)E,

T,=V+T_ +1,
20

where X is a 3x! vector of constants, T, is a kx1 vector of random walks with drift v and innovation
vector N, (where k<3), L is the.lag operaior, D(L) is a 3x3 matrix of lag polynomials, and ¢, is a 3xl

vector of serially uncorrelated innovations. The lag polynomial D(L) is assumed to decay sufficiently
rapidly such that D(L)g, is stationary. The matrix A has dimension 3xk, and it is assumed to have full
column rank. Innovations in 1, may be correlated to innovations g,.

The formulation in (21) decomposes the vector Y, into permancnt and transitory components.
The first component cn the right hand side, A,, is non-stationary and tracks the stochastic trend of the
system, while the second component D(L)e, captures the short run dynamics of the vector. The fact that

one of the components is nonstationary while the other is stationary means that certair characteristic of

(21) can be investigated without additional assumptions about the relation between the innovation of the
two components. Particularly, optimal estimates of At , can be obtained without any additional

assumption about the correlation betwecn the permanent component and the transitory component. Since
D(L)g, is stationary, it cannot have any influence on the long run level of the first component. Similarly,
issues like the number of common stochastic trends in T, or estimates of the coefficients in the

cointegrating vector can also be studied without imposing extra identifying assumptions on (21).
The theoretical model on durable consumption predicts the exisience of one cointegration
relationship that links P, , C; and K, in the long run, so the vector 1, includes only two elements: Ty,

the wealth trend, and T, the price trend. Estimation of the cointegrating vector identifies the parameters 7y
and o in the utility function, the elasticitics of marginal utility with respect to the durable good and non-

durable good respectively.

With estimates of y and ¢ at hand, the basic model described in section 4.2.1 is exactly
identified and tests of the orthogonality conditions on h, and g, could be computed. These restrictions are
easily rejected for the data, so I proceed to describe a more general framework to study the dynamics of
adjustment of durable and non-durable purchases to price, wealth and substitution shocks.

b. Dynamics
It is useful to write the VAR model in (20) in terms of its fundamental Wold representation:

AY =3+ C(L)u, where u, = Fe,
(22)

The restriction of one cointegrating vector implies that the matrix C(1) is singular, that is o'C(1)
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=0, where a is the cointegrating vector. The vector e, contains the structural shocks to Y, matrix F and
the lag polynomial C(L) describe how thesc shocks arc propagated to Y,. Based on the model described
in section 4.2, three different structural shocks are postulated, only two of which have permanent eftects
on the vector Y,.

The first permanent shock represents a wealth or permancnt income shock, ¢y, that increases the
long run level of durable and non-durable consumption; the sccond one, ¢y, represent a relative price
shock that reallocates expenditure from the durable goeds to the non-durable good. The third sheck to the
system is a transitory shock, e, that we interpret as an intertemporal substitution cffect that captures
intertemporal shifts in expenditure due to changes in the relevant interest rate, but other stationary shocks
like measurement errors could also be captured by this shock.

The cointegration rclationship is imposed by replacing one of the variables in first differences by
the residual of the long run rclationship, interpreted here as the departure from the long run demand for
durable goods. We replace the third variable, changes in the durablce stock K, by the variabie z, estimated
from the cointegration relationship.

The interpretation of impulse response functions from cstimates of the reduced form requires of
additional identification assumptions on the underlying innovations. The three structural shocks are
assumed to be uncorrelated at all lags and leads, however these does not restrict a priori their correlation
with the vector of observed variables, because this depends on the matrix F. The identification of F
requires of at least three additional restrictions.

The first two restrictions come from the assumption that the long run level of nondurable
consumpton is exogenous to changes in prices or substitution effccts. In other words, its stochastic trend
depends exclusively on the shock ey,. This is obviously an approximation which is very useful for our
purposes, although changes in relative prices or in the rclevant interest rate do have a long run impact on
non durable consumption. However, these are likely to be small on a priori grounds.

Durable purchases represent a small fraction of the consumer budget, 12 percent on average in
Israel and 5 percent in Chile, therefore we can assume as an approximation that price shocks do not have
a long run impact on non durablc consumption.

Similarly, transitory changes in the intcrest rate which drive substitution shocks have a
permanent effects on the long run consumption of both goods, because they have wealth and income
effects that affect both current and future consumption in the same direction, and substitution effects that
imply a permanent shift of consumption between the future and the present, but in the opposite direction.
However, the 1otal magnitude of these two long run effects is likely to be small for transitory shocks in

the interest rate.
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Consider the magnitude of the impact on consumption of a one percent increase in the relevant
interest rate which lasts for just one period. First, compute the long run impact through the wealth and
income channel from the intertcmporal budget constraint assuming that all financial wealth is invested at
short run horizon:

380+ 5)(X,., +C.)= S8+ 5K, + A

1=0 130

(29)

1
where 8(t +5) = is the discount factor.

(M+r)d+r,,)...(1+r,,.)

Taking the derivative with respect to r, on both sides, we get o the following expression for the

income and wealth effect of a transitory increase in the intercst rate on total consumption, C+X;:

din(C+X) AW,
dr, 1+r

The magnitude of the impact depends on the ratio of short maturily outside assets with respect to
total wealth, including human wealth. I do not have a direct estimate of this fraction, but could be
assimilated to a fraction of the total stock of capital in the economy. At the individual level, short
maturity assets correspond mostly to liabilities agzinst the govemment (money) or the financial system
(quasimoney). However, banks and more gencrally the financial system transform an important fraction
of those assets in long term loans which match long term invesiment projects at firms, therefore at the
aggregate level the fraction of wealth invested in short term asscts is much smaller. If, for example, shont
term assets represent a 25% of the capital stock, and the capital stock capital in tum represents
approximately one third of total wealth, then the semiclasticity above is 0.08, and a 1% increase in the
interest rate induces a permanent fall in total consumption of the order of 0.1%. Longer lasting changes

in interest rates multiply arithmetically this estimate.

Consider now the size of the permanent effect induced by the substitution channel for the same
transitory one per cent charge in the interest rate. As a first order approximation, the long run effect on
future consumption corresponds to the annuity value of the change in current consumption. Empirical
estimates of the intertemporal elasticity of substitution typically find a small number, of the order of one
or two, so a plausible estimate of the size of permancnt cffect of a substitution shock in future
consumption is again on the order of a tenth of a percentage point. but has the opposite sign. Based on
these considerations I adopt the assumption that transitory changes in the intcrest rate have only

transitory effects on consumption.
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The third restriction comes from assuming that the price trend is exogenous to the substitution
shock in the long run. The most restrictive assumpticn would be to postulate strict exogeneity of the price
process from the other two vanables. This would be equivalent to estimate the stochastic properties of
the (C,, Kp vector after partaling out the long run and shor run effects of lagged and contemporaneous
prices. In the context of this paper, the assumption of absolute exogeneity of the price trend with respect
to the substitudon shock would be incorrect as rising or falling inventories of durable goods may
anticipate actual changes in prices that are expected by consumers but are not known by the
econometrician who uses an incomplete information set. The set of identifying assumptions described

above allows this anticipatory role of durable goods.1

The three identification assumptions imply the [ollowing 3 restrictions on the coefficients of

matrix F:
C(1), F, +C(1), F, +C(1), F,, =0
CQ), F, +C(1), Fy +C(1), Fy =0
C(l), Fy +C(1)p Fy +C(1), Fy =0
(29)

c. Estimation

First, we estimate parameters £ and A(L) in (20) after imposing the long run cointegration
relationship between the elements of Y,. From A(L), the impulse response function C(L) that appears in
(22) is derived. From C(L) we identify the polynomial lag D(L) that defines the system dynamics
associated to structural innovations e,.

*An implicit assumption in the empirical surategy described above is that all changes in the real interest are
transitory or their permanent component have a relatively small variance compared to the other structural shocks
in the system. A large variance on pcrmanent changes in the rcal interest ratc would misspecify the model
described above, because these kind of shocks would be confused in the other three shocks invalidating the
decomposition strategy. The total effect of a permanent change in the intercst rate on the vector [Cy, K¢] can be
analytically decomposed in three separate channels. The first channel includes the traditional wealth and income
effect of changes in the interest rate, that affects current consumption and future consumption of both goods in the
same direction. This part is not problematic for the procedure because it would be picked by the structural shock
ewt. The second channel is the intertemporal substitution effect that shifts expenditures across time and has
significant long run effects on the level of consumption, this channel is not captured by the empirical model
described above and it is likely that it would bias the esitimatcd dynamics of both the weaith shock and the
substitution shock. The third effect accounts for the impact of permanent changes in the real interest rate on the
long run user cost of durable goods. This is a relative price effect that affects the allocation of expeunditures across
durable and non-durable goods in each period. Although the econometric framework described above does not
incorporate this channel, the empirical strategy described above is robust 1o this possibility, because the presence
of these shocks would add a third stochasuc trend to the system that would become evident at the time of
estimating the cointegration vector.

106



First, we obtain the moving average representation of the VAR process estimated above:

AY, =(1 - A(L) ' Fe, ,
D(L)

Define the matrix of permancnt impulsc responses with respect to structural shocks as D:

B-EF—[C"(') Cu(l)]F
R oA (Ve ¢ VY

An estimate of C is obtained from the unique lower triangular Choleski decomposition of the
variance of permanent level innovations on Y, with respect 10 up; where the variance ©m is

DVar(u,)D’. Then an estimate of F is obtained from C™'D.

The identification assumptions allow us to compute the typical dynamic response of consumption
and purchases of durables and consumption of non-durables to price, wealth and substitution shocks, and
also to recover the underlying history of shocks that have affected an economy.

One way to check the adequacy of the identification assumptions is 1o compare the history of the
substitution shock obtained from the model with vanables that should be related to it, like the interest
rate, the black market premium and other variables from the financial market that reflect expectations
about future prices.

4.4 Empirical Results
4.4.1 Israel

The log-series of non-durable consumption, durable purchases and the stock of durables, all
detrended by population, are shown in Figure 4.1. Quarterly data cover the period 1978:1-1992:4. Since
the original data contains only the serics of durable purchascs, additional assumptions are needed to
obtain a series for the stock of durables. In particular, a constant depreciation rate, 10 percent a quarter,
was assumed, that is the half life of the average durable good is around two years and a half, and the
initial stock of durables was obtained using perpetual inventory methods.” Throughout the paper the

The steady state ratio of the stock of duiables with respect to consumption k is used to estimate its iniual

value:x= , where 7 is the ratio of durable purchases to consumption at steady state and Ac/c is the steady

—L
S+Ac/c
state rate of grov/th, both computed from sample averages.
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sensitivity of the results was checked for two altemative values of the depreciaton rate (5% and 20%).3

Durable purchases represent around 12% of total consumption on average, but this fracton is far
from stable. There is a secular trend in durable purchases with respect to non-durable consumption
mostly explained by the negative trend in the relative price of durable goods. Also durable purchases are
far more voladle than non-durable consumption. The standard deviaton of log-changes in durable
purchases is almost six times as volatile as its equivalent for current consumption. Therefore at the
margin, the contribution of durable purchases to total consumption volatility is of a similar order of
magnitude than the contribution of current consumption, despite its relatively small size. (Table 4.1)

The behavior of durable purchases contradicts the implications of the Mankiw permanent income
fricionless model described in section 4.2. The estimation of an MA(1) process on changes in durable
purchases, Ax, finds a positive coefficicnt, but statistically not significanuy different from 0, instead of

coefficient close to minus one as expected from theory. (Table 4.2)

The relative price of durables shows a substantial downward trend throughout the period. The
negative trend that is mostly explained by the real trend appreciation of the Israeli Shekel through the
sample period. The tradable component of durable goods consumption is very important as revealed by
the close correlation of its price index with an index of tradable prices. The cross-correlation of both
series in levels is 0.93 and the correlation in first differences is 0.69. In contrast, an index of relative price
of durable to non-durable consumption that uses only the imporied gnods component shows no
significant trend through the period. This fact is impornant because it lends support to the relevance of
exchange rate expectations on the behavior of durable goods, at least the anticipation of a devaluation is a
major determinant of the user cost of durable goods.

a. Unit roots and cointegration tests:

I begin reporting the results obtained from ADF tests of the null hypothesis that each series in Y,
follows a unit root process. The altemative hypothesis are in tum that these series are staticnary around a
constant and a deterministic trend. Table 4.3a shows that neither test can reject the null hypothesis of a
unit root in any of the three variables: nondurable consumption, relative price and the stock of durables,
nor in durable purchases. Table 4.3a also includes test results for the ex-post measure of the relevant
interest rate on the durable good. All of them, except the ADF test without trend, support the stationarity
hypothesis.

Table 4.3a also checks the stationarity of the first differcnce of each variable. All the results,
except those of Ak,, suppor the stationarity of growth rates. The apparent nonstationarity of Ak, is

? Data on consumption and deflator scries for [srael have been kindly provided by Rafi Melnick of the Bank of
Israel.

108



troublesome as it invalidates the assumptions used to denive the [{0) cointegraton relationship. It could
be a conscquence of problems with the imputed stock of durables. Using the wrong level for the initial
stock, or a depreciation rate which is too small could inducc a trend on the imputed stock of durables.
However, using the 20% a quarter depreciation rate does not solve the problem. Since the problem could
be related to the imputed durable stock, we investigate the cointegration hypothesis using directy the

flow measure.

Theory predicts the existence of at least one cointegraling veclor, interpreted as the long run
demand for durable goods. The existence of a cointegration vector is tested using the Engle and Granger
(1987) approach and the Johansen's MLE approach. Since the initial value for the stock of durable goods
is not available, but only an imputed value from the perpctual inventory mcthod, computations are
performed truncating the first two years of observations in order 1o reducce the influence of any error on
the initial stock value. An altemative procedure is to conduct the cointegration test directly on durable
purchases instead of the durable stock. Under the assumptions of stationarity of the depreciation rate and
of the rate of growth of the (actual) durable stock, log-durable purchases should cointegrate with its stock
(in logs) and the test based on durable purchases should be cquivalent to the test based on the true stock
of durables.

Table 4.4a presents the results of a battery of tests of coiniegration on the relationship between
K,, C, and P;; and between durable purchases, X;, and C, and P,. The critical values for these tests come
from Engle and Yoo (1987) and Johansen and Juselius (1990). The results are mixed: those based on the
imputed durable stock tend to reject the cointegration hypothesis, while the results base on durable
purchases are more supportive. The p-values of the maximal cigenvalue and the trace test based on the
MLE procedure reject the hypothesis of no cointegration relationship with p-values of 0.80 and 0.95
respectively, while results based on DF and augmented DF tests are unable to reject the no cointegration
hypottiesis at the 10% significance level. Tests based on durable purchases are more supportive for the
altemnative hypothesis of one cointegration relationship, the p-values for the maximal cigenvalue test and
the trace test are 0.90 and 0.95 respectiveiy, but the values of the DF and augmented DF are below the
0.90 p-value.

b. Dynamics:

Since the existence of cointegration is not clear, three altemative models are studied in this
section. The first model includes the durable stock, current consumption, and the relative price; and
imposes the MLE cointegration relationship estimated in Table 4.4a. The second model includes the
same three variables without imposing the cointegration relationship, while the third model uses durable
purchases instead of the durable stock and imposes the cointegration relationship estimated in Table 4.4a
(model III). The cointegration relationship is imposed by replacing onc of the variables in first
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differences by the residual of the long run relationship. If the cointegration relaticnship is imposed two
lags are included. while six lags are allowed when the model does not include the cointegration

relationship in order to capture long term relationships between variables.

b.l1 Model 1

Table 4.5a summarizes some of the results of the VAR system for the first model. Non-durable
consumption, C,, appears 10 follow a martingale, no lagged variable appears significantly on its equation,
therefore Granger causality tests are rejected. Prices changes are more predictable, lagged values of
changes in C, and P, appear significantly in the price equation. The third variable, the error correction
term is highly predictable, due to the gradual adjustment of the durable stock to the shocks in the system.

The matrix of residuals, not shown, indicates that there is significant contemporaneous
correlation across equations, so the sct of identification assumptions used to discniangle the disturbances
is key to interpret them.

Figure 4.3 shows the impulse response functions for the sct of identification assumptions
described in section 4.3, where price shocks are restricted to have no long run impact on non-durable
consumption, C,, and substitution shocks are restricted to have no long run impact on either non-durable
consumption or its relative price. A confidence band of 2 standard deviations is also included to asses
the robustness of the results.’ There are 3 columns and 4 rows in Figure 4.3, each column represents the
impact of one of the shocks -- €w, €, and e,, respectively--, and each row represents one of the four
variables -- P,, C,, K, and X,-- respectively.

The response of non durable consumpticn with respect to the wealth shock is almost immediate,
and indeed is the only shock that elicit some type of responsc in non-durable consumption. This was
expected because none of the variables in the VAR system had any predictive power for consumption
growth. Durable purchases respond contemporaneously to the wealth shock by 3.2% as compared to
2.1% in non durable purchases, but continues to increase to 7.2% on the next quarter and stays above the
2% level for the next 6 quarters. Therefore, there is an agglomeration of durable purchases at the
beginning of adjustment period which partially explains its high volatility with respect to the rest of
consumption. However, the stock of durables builds up slower than would be implied by the frictionless
model. The point estimates of the adjustment process of K, indicate it takes about six to eight quarters to
complete most of the stock adjustment.

Looking at the variance decomposition of series in Table 4.7, thc wealth shock accounts for
most of the variance in non-durable consumption, and a significant component of the variance in the

durable stock and durable purchases. However, for the latter variables the fraction varies according to the

*Confidence bands are obtained through bootstrapping techniques (500 draws)
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horizon: in the short run, it accounts for approximately 30% of the conditional variance of cach variable,

but in the long run it accounts for ncarly 80% of the unconditional variance of these variables.

The wealth shock induces a permanent response on prices, which, however, is not statistically
different from O at the 5% significance level. One explanation of this cffect is that price shocks are
closely correlated with movements in the real exchange rate that in tum are associated to important
macroeconomic developments like changes in the temms of trade, changes in govemment expenditure and
others that on itself have significant wealth effects.

A price shock of approximately 4% has no effect on non-durable consumption at any horizon. In
the case of durable purchase, the effects stant after a few quarters and they affect negatively durable
purchases in minus 3%. The durable stock declines gradually towards its long run value. Most of the
variance of the price variable is accounted by its own shack, and very little of the variance in the other
variables is accounted by this shock.

Finally, the substitution shock on durable purchases identifies surges or depressions in durable
purchases not accompanied by changes in C,. It accounts for most of the short run -- conditional--
variance in durable purchases and the durable stock, 70%, while unconditionally only a 10% and 15% of
the variarce respectively is accounted by this shock. Intcrestingly enough, the substitution shock
anticipates changes in relative prices, that is booms (recessions) in durable purchases give an early
wamning of future price increases (falls), however the predictive power is not significant as revealed by
the variance decomposition series. Only a 7% of the variance is cxplained by this component. (Table
4.7).

b.2 Model 11

The impulse response functions associated 1o the second model, that includes the same variables
than model I, but does not impose the cointegration relationship appear in Figure 4.3. The identification
of the shocks is achieved using a triangular decomposition of contemporaneous disturbances, that is the

price shock has no contemporaneous effect on C,, and the intertemporal substitution shock has no
contemporaneous effect on P, nor in C,. The impulse response functions associated to the wealth shock
identified this way are very similar to those in Figure 4.3, they look more unstable because they include
more lags than those in Figure 4.3, and they do not include a long run relationship. The adjustment of
the durable stock is slow, but still durable purchases agglomerate in the first part of the adjustment
penad.

Tre price shock induces a once for all increase in the relative price, and durable purchases
decline slowly to reach a trough by the secuna year and then slightly recover towards their original level.
Correspondingly, the stock of durables declines slowly too.



The third shock identificd here as a shock that alfects durable purchases without affecting
contemporaneously P, nor C,, tums out to be very similar to the e shock estimated in model I using long
run restrictions. As in model I, it anticipates increases in prices and its effects on X, and K, is mostly
transitory. The last characteristic is important since in contrast to model [, this is not imposed to the data
in model II. However, the substitution shock is now associated 10 a permancnt negative effect on non
durable consumpton, while in model I it was restricted to l:ave no permanent effect.

b3 Model 1ll

Figure 4.5 shows the results associated to model IIl. The difference is that in this case the VAR
is estimated directly on durable purchases instead of changes in the imputed durable stock, so the results
are not contaminated by specification errors in the depreciation rate or in the initial stock of durables. The
dynamics identified by the system arc almost identical to thosc appearing in modecl I, so they look robust
to the assumptions used to construct K,.

Summarizing the results, the empirical dynamics show that the adjustment of durable goods to
permanent shocks is relatively slow and is characterized by a period of overshooting in durable
purchases, that refiects the stock adjustment process. It takes between four to six quarters to complete
most of the adjustment. Also, the model identifies important transitory fluctuations in K| and X, that help
to explain why the volatility of durable purchases is much larger than that of C,. Overall, the estimated
dynamics seem to be robust and error bands are narrow despite a relatively short sample (56 quarters), the
sampling variability of durables and non-durables purchases compensates the short length of the
estimation period.

Where do the transitory fluctuations identified by the model come from? As discussed in Section
4.3, they may be explained by transitory fluctuatons in the interest rate relevant for durable goods that

shifts intertemporally durable purchases, but there are other explanations t0o: stationary taste shocks or

stationary measurement error.

One independent test of the adequacy of this identifying assumption is obtained running a
regression of the substitution shock against other variables related to the expected interest raie. In the
standard model, the expected interest rate would be a sufficicnt statistic to capture substitution cffects. In
practice, the available measure of the interest rate is a noisy ex-post measure of this variable, particularly
large fluctuations in the inflation rate make very hard to obtain an estimate of the expected rate. The
expected measure is obtained instrumenting the ex-post measure on lagged variables of itself, the black
market premium and a measure of capital flight obtained from Pesach and Razin (1992). The inclusion of
innovations to the black market premium and capital flight attempts to capture devaluation expectations
which are important since the tradable component of durable goods is large.

The results of the regression in Table 4.8 are encouraging, coefficients have the expected signs,



and although they are not individually significant because they are correlated through the sample, overall
they are very significant, explaining the 33% of the varability of the substitution shock. In contrast,
running the same regression but replacing the substitution shock as the dependent variable by the wealth
shock and the price shock respectively, shows no significance at all. In conclusion, exchange rate
expectations are important to understand the behavior of durable purchases, and the substitution shock
identified above is related to them.

c. Durable purchases and the 85° stabilization plan

The complexity of the dynamics revealed by the empirical estimates indicates how difficult is to
provide the right account of the developments in durable purchases just from looking to its series. The
structural model described above provides a more adequate tool to discntangle the particular shocks
hitting the economy in any given period. In particular, we usc the model to provide an historical account
of the boom observed after the stabilization effort started in 1985:3.

After more than a decade of scalating inflation and recurrent balance of payments crisis, in July
1985 the Israeli govemment started an stabilization effort to reduce inflation. One of the key elements of
the program was the peg of the exchange rate after an initial compensatory devaluation, as well as the use
of other nominal anchors on wage and credit growth, price controls, and more structural measures to
reduce the fiscal budget deficit. Inflation declined rapidly from the 300 percent level in annual terms
exhibited until the second quarter of 85, but stayed at the 20% level, while the nominal exchange rate was
pegged implying a trend rcal appreciation of the Israeli Shckel. Soon after the stabilization effort srarted,
instead of a recession there was a big increase in consumption, 14% from 1985 to 1986, particularly
concentrated on durable purchases and inventory accumulation of imported goods. Bruno(1988, 159x)
attributes part of this boom 10 expectations of price increases, panicularly on imported goods, after the
partial relaxation on price controls initiated through 1986. After a decade of experience with recurrent
balance of payment crisis and revaluation/devaluation cycles, it was natural to expect that as the
exchange rate appreciated and competitivencss eroded, the govemment would be forced to devalue the
nominal exchange rate once again.

Many authors have noticed the massive increase in the imports of durables through exchange rate
based programs. Dombusch (1986) suggest it was crucial in explaining the peso collapse in Chile in the
early 80's. Calvo (1986) and Calvo and Vegh (1990) examine the implications for consumption and
activity of exchange rate freezes and trade reforms that are not fully credible. He shows that intertemporal
substitution effects induced by expected movements in the cxchange rate can cxplain the pattem of
expansion/depression found in ERBS.

Drazen (1990) focuses particularly on durable goods. He presents data on durable imports for
Argentina, Chile, Israel and Mexico through the eightics when cach of these countries implemented an
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ERBS, showing that in each case there is a large increase a few quaners alter the program stabilization
starts. Then he builds a model where intertemporal substitution effects are crucial to explain the
dynamics of durable consumption. If the stabilization program is not fully credible, and for simplicity is
expected to collapse at some definite date there will be a run just before the collapse. This may be the
result of hedging against devaluauon when there is no free access to forcign cxchange or in anticipation
to the imposition of impor restrictions following a Balance of Payments crisis. Introducing uncertainty
about the timing of the collapse will explain a wave of speculation instead of a single run. He suggest as
evidence of the relevance of intertemporal substitution effects the corrclation between the black market
premium and the surge in durable imports in mid 87, but the linkage is not assessed formally.

A different hypothesis is suggested by De Gregorio, Guidotii and Vegh (1993) which suggest
that the wealth effect associated to inflation reduction lcads to an aggregaic consumption boom as all
consumers replenish their stock of durables at the beginning of the period, lcading to an agglomeration of
purchases. The agglomeration effcct is amplificd becausc transaction costs lead to infrequent and large
adjustments at the consumer level. The macro wealth shock coordinates all consumers (o go at the same
time to the market, and once they have replenished their stock, a recession comes.

Figure 4.6 shows the historical decomposition of the shocks hitting the system between 85:3 and
88:4, the solid line represent the actual series, the long dashed linc represent the expected evolution of the
variable and the short dashed line represent the effects of the shock in the system. The estimates for this
figure come from model III, but very similar accounts are obtained from the other two models.

The estimates indicate that most of the expansion observed in durables from 86 on is a
consequence of wealth shocks, which in practice correspond roughly to the white noise innovation to
consumption of non-durables. Durable purchases and non-durablc consumption adjust simultaneously to
the wealth shock as identified by model I11. However, towards the second half of 1986, there is a surge in
durable purchases of approximately 15%, which corresponds o innovatons associated to the
intertemporal substitution shock, and interestingiy they precede the devaluation of the Shekel in January
of 1987, the first one since the program started in July 1985. Through 1987 and 1988, dynamics
associated to the substitution shock start playing a more imponant role in the evolution of durable
consumption. Purchases of durable goods stay high during these two ycars and even continue increasing
despite the dynamics associated to wealth shocks would predict them to stay constant or decrease. The
continuation of the build up of durable stocks is associated to the transitory or substitution shock, and it
is consistent with the abandonment expectation hypothesis stressed by Calvo (1986, 1991, 1992) and
Drazen (1990). Particularly, the large increase in durable purchases through the second semester of 1988
is fully explained by intertemporal substitution shocks, and precedes the new devaluation of the Shekel
determined on December of 1988.
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Substtution effects are important in a later stage as the govemnment delayed for political reasons
a necessary and expected devaluation. As described by Bruno and Meridor(199x): “...the Bank of Israel
advocated another alignment of 6-7% in March 1988,... However, with clections approaching, the
Minister of Finance adopted a "wait and see" attitude: at no stage during most of 1988 was it made clear
to the business sector that there would be no devaluation. At the same time no alignment was in fact
made undl afier elections, in December 1988,...and only after very heavy capital outflows.” Devaluation
expectations explain why it took longer for durable purchases to retum to normal levels as compared to
other episodes of wealth shocks.

4.4.2 Chile

The log-series of non-durable consumption, durable purchases and the stock of durables, all
detrended by population growth, are shown in Figure 4.2. Quarterly data cover the period 1980:1-
1994:1.° Since the original data contains only the series of durable purchases, the same methodology
than in the case of Israel was used to obtain a series for the stock of durables. However, the results were
unsatisfactory, similarly to the case of Israel, the stock of durables was estimated to be an I(2) process, so
we continued working with the flow measure only.

Durable purchases represent a2 5% of total consumption on average, however the range of
fluctuations is enormous from 2% to 15% of total consumption. The sample period starts with the
consumption boom of 81, when durable purchases reached peak levels, and then shows the severe
impact on durable purchases of the recession starting towards the end of 1981. The durable stock fall
continues until the second quarter of 1986, when both durable purchases and current consumption start
showing a steady recovery. Durable purchases arc far more volatile than non-durable consumption, the
standard deviaton of log-changes in durable purchases is almost five times as volatile as its equivalent
for current consumption, so despite its relatively small size, the contribution of durable purchases to total

consumption volatility is significant.

As in the case of Israel, the relative price of durables moves in parallel with the real exchange
rate. The period starts with a substantial increase in the relative price of durable goods associated to the
real depreciation of the Chilean peso after the abandonment of the peg against the dollar in mid-82, the
positive trend continues until 1986 and becomes slighily ncgative in 1987. Prices fall strongly in 1988 as
the peso started appreciating and import taxes were reduced, this negative trend continues until 1989.

> The original data used in this scction has been constructed by S. Lechmann (1991) for the 1980-1989 period,
and extended until 1994:1. Unfortunately, it has not been possible to extend the sample before 1980, due to the
lack of dissagreagated data on consumption before 1980:1.
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a. Unit roots and cointegration tests:

ADF tests cannot rejec: the nuil hypothesis that cach series in Y, follows a unit root process.
Table 4.3b shows the results of these tests and none of them can reject at the 10% level the null
hypothesis of a unit root.

Table 4.4b shows the results of the two step Engle and Granger (1987) approach and the
Johansen's MLE approach. The results are mostly consistent with the cxistence of a cointegration
relationship linking X,, C, and P,. The p-values of the maximal cigenvalue and the trace test based on the
MLE procedure reject the hypothesis of no cointegration relationship with p-values above 99% , while
the p-values of the DF and augmented DF tests arc marginally significant at the 10% level.

One problematic aspect is the difference of the clasticitics estimated by the MLE procedure and
the two step procedure. As shown in table 4.4b the consumption elasticity obtained from the MLE
approach doubles that from the two step procedure, while the MLE price elasticity is one half of the two
step price elasticity. Since the results based on the MLE procedure for durable purchases are more
sensible than those based on the two step procedure, [ only report them.

b. Dynamics

Table 4.9 summarizes some of the results of the VAR system for a lag order of two. Fluctuations
in durable purchases and relative prices, AP, and AX, are highly predictable through lagged values,
showing that the adjustment of the durable stock towards its long run relationship is slow. Estimation of
an MA(1) model for AX, finds a positive and significant coefficient, instead of a coefficient close to
minus one as expected from the simple Mankiw model. The matrix of innovations shows that there is
significant contemporaneous correlation across equations, so the sct of identification assumptions used to
disentangle the disturbances is key to interpret them.

Figure 4.6 shows the impulse response functions for the set of identification assumption
described in section 4.2, that allows wealth shocks 10 have long run effects on P,. The adjustment of non
durable consumption is almost immediate and permanent, while the adjustment of durable purchases
shows some evidence of overshooting as the stock adjustment proceeds. Purchases reach a peak two
quarters after the wealth shock is observed and stay high for the next four quasters, gradually declining
towards its long run level. The effect is sizable, a 3% increasc in nondurable consumption is associated
with an increase of the order of 20% in durable purchases, however the total cffect includes both a wealth
and a price effect. Indeed, there is a strong price effect which we attribute to the corrclation of wealth
shocks and other events in the economy like terms of trade improvements that simultaneously appreciate
the cumrency in real terms and increase permanent income. The wealth shock accounts for almost 100% of
the consumption variance, and close 10 68.2% of the variance of durable purchases in the long run, but a

smaller fraction in the short run: 38.4%.
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The price shock has almost no impact on non-durablc consumption and cause an immediate fall
in durable purchases, with 2 mild cvidence of overshooting, but overall the implied stock adjustment is
very slow. The price shock accounts for a 30 percent of the unconditional variance of durable purchases,
and 41 percent of the conditional I-step variance. Finally, the substitution shock, e, accounts for a 21%
of the conditional 1-step variance of durable purchases, but it is shont lived and after a year, two thirds of
the original shock have disappeared. One intriguing aspect of this shock is that the increase in durable
purchases is accompanied by a contemporaneous and transitory - by construction- increase in P, so it
anticipates a decrease in the relative price of durable goods. Obviously, this is at odds with the
interpretation of the identification assumptions given in section 4.3.

The regression of the substitution shock against financial variables-- the interest rate (expected)
and the black market premium on foreign currency-- has the cxpected pattern of signs, and overall
explain approximately 27% of the vanability of the substitution shock. (Table 12) In contrast, the same
variables are not significant in a similar regression replacing the wealth shock and the price shock as the

dependent variables.

Unfortunately, in the case of Chile data is rot available to investigate durable purchases
dynamics through the 1979-82 ERBS episode. A later surge in durable purchases is observed towards the
end of the eighties, and simultancously an increase in the black market premium. The boom coincides
with the shift of power to the newly elected democratic government, which until then had been very
critical of economic policies put in place by the military administration, creating some uncertainty about
the future course of economic policy, and particularly about trade import taxes.

4.5 Conclusions

This paper has characterized the behavior of durable consumption in Chile and Israel using a
structural VAR approach. It has shown that durable purchases are much more volatile than non durable
consumption, and volatility comes from the dynamics of stock adjustment with respect to wealth shocks
and substitution shocks. The speed of adjustment on the stock of durables is shown to be slow, much
slower than predicted by the standard model with no adjustment costs (Mankiw (1985)), because durable
purchases appear 10 be positively correlated in the long run, contradicting the ncgative correlation predicted
by the standard model. Furthermore, the substitution shock, which in practice corresponds to surges or
depressions in durable purchases not accompanied by changes in non-durable consumption, is shown to be
associated to financial variables like the black market premium and measures of capital flight showing the
importance of speculative factors in the timing of durable purchascs. This lends support to explanations of
the boom in durable purchases that acompanies ERBS based on abandonement expectations. The
application of the empirical model to disentangle the behavior of durable purchases after the Isracli
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stabilization effort of 1985 shows that "substitution” effects play an imponant role in the dynamics of
durable purchases, panicularly through the second haif of 1986 and 1988, both episodes preceding
expected devaluations.
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Table 4.1

Non Durable (c) and Durable (x) Consumption Basic Statistics

Statistic Israel Chile Mexico
E(Ac) 0.5% 0.4% 0.5%
E(Ax) 2.1% -1.5% 0.4%
o(Ax) 11.5% 24.8% 5.0%
o(Ax)/a(Ac) 5.2 7.5 2.2
p(Act,Act-1) 0.18 0.02 0.10
p(Axt,Ax(-1) 0.06 0.30 -0.24
n.obs. 60 53 43

Notes:

(1) Seasonally adjusted data. Per capita.
(2) Durable series for Chile corresponds to durable imports.

Table 4.2
Univariate Process: Axy

Model Israel Chile Mexico

ARIMA(0,1,1)
ma(l) 0.08 0.26 0.09
(0.58) 0.13) (0.16)

ARIMA(1,1,1)
ar(1) -0.72 0.31 0.64
0.11) (0.43) (0.63)
ma(l) 1.03 -0.10 -0.52
(0.03) (0.43) (0.70)
n.cbs. 57 50 42
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Table 4.3
Unit Root Tests

a Isracl
Vanable ADF(4) ADF(@4): S-W(4) S-W(4):
trend trend
cl -2.63 -0.68 -12.59 -1.13
Acy -2.92 -2.92 41.64 41.64
kq -2.14 -0.99 -9.67 -0.97
Ak -1.98 -1.99 -11.93 -11.77
Pt -3.14 -0.94 -172.77 -1.66
Ap -3.19 -3.25 -70.65 -70.01
Xt -2.06 -0.91 -12.03 -2.76
Axq -3.62 -3.67 -44 96 -44 83
iky -3.01 -3.02 -34.19 -30.85
Aikg -3.26 -3.28 -73.65 -73.52
critical values
10% -3.12 -2.57 -24.1 -11.2
5% -3.41 -2.86 -27.9 -14.1
1% -3.96 -3.43 -35.5 -20.6
b. Chile
Variable ADF(4) ADF®@4): S-W(4) S-W(@4):
trend trend
ct -2.82 -0.78 -16.42 -0.42
Acy -2.86 -2.63 -57.49 -571.49
Pt -2.09 -1.65 -5.41 4.07
Apt -241 -1.84 -27.38 -25.06
Xq -3.04 -1.81 -1.79 -543
Axy -2.99 -3.25 -34.53 -32.7
ikq -3.03 -2.13 -26.92 -26.93
Aikq -5.62 -5.60 -60.25 -60.2
critical values
10% -3.12 -2.57 -24.1 -11.2
5% -3.41 -2.86 -27.9 -14.1
1% -3.96 -3.43 -35.5 -20.6
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Table 4.4
Long Run Properties: Cointegration

a. Israel
Model | Model 11 Model 111 Model IV
ky =aQ + ajc; +a2p; ky = ag +ajcy + a py+iit X =QQ +ajc +ap; X =ag+acp+ap+l
MLE OLS MLE OLS MLE OLS MLE OL
param.
ay 1.27 1.69 -0.321 0.86 1.58 1.72 1.71 2.
(0.25) ' (0.33) (0.35) 0.4
a? -0.53 -0.43 .147 0.00 -0.34 -0.39 -0.63 Q..
(0.12) (0.16) 0.17) 0.2
cointegration
tests
A max 20.80 18.47 19.67 17.57
trace 31.69 33.76 30.27 35.89
df -2.49 -2.47 -2.20 -2,
adfi4) -2.11 -1.78 -2.31 -2,
n.obs. 60 60 60 60 60 60 60 .
b. Chile
Model 111 Modcl 1V
X1=aQ+a|c +a2p; X =a g +a ¢y + a 2p+0t
MLE OLS MLE OLS
param.
aq 2.77 4.37 1.93 7.91
(0.25) (0.67)
a2 -0.77 -0.43 -1.29 0.76
0.12) (0.33)
coint.
test
A max 20.80 18.71
trace 31.69 36.24
df -2.49 -3.03
adf(4) -2.11 -2.12
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Table 4.5

Short Run Dynamics: VAR(p) results

a. Isracel
Model 1 Modecl 11 Model III
AY1= A(L)AY1-140Zs-1--ut AYi= A(L)AY1+ w AY'= AL)AY1-140Za- 14w
exclussion tests Ap Act Ak Apt Act Ak Ap Act Axt
{ Apr1,Ap2 ) 0.01 0.79 0.16 0.01 0.75 0.74 0.01 0.64 0.02
{ Ac-1,Ac1:2 ) 0.05 0.62 0.01 0.05 0.61 0.02 0.04 0.47 0.14
( Aks-1, Aks-2 ) 0.52 0.66 0.00 0.41 0.65 0.00 0.15 0.82 042
-l 0.38 0.56 0.00 - - - 0.09 0.70 0.01
TxR® 16.71 730 53.89 16.07 730 5321 18.13 6.96 9.50
nobs 57 57 57 57 57 57 57 57 57
able 4.6
Impulse Response Function
a. Israel
steps Cw € (8
a p ko x{ a p ko x{ a p k x
1 021 -012 .004 .03 .003 .050 .001 .009 .001 -014 .006 .05%
2 025 003 .012 0727 .001 .031 .002 .007) .002 -.005 .011 .042
3 024 013 019 069 .001 .040 .002 .001} .001 -005 .013 .930
4 023 011 .024 062 .000 .038 .000 -.013 .001 -.004 .014 .022
5 023 011 .028 .05 .000 .040 -.002 -019 .000 -.004 .014 .01
6 .022 012 .030 .043 .000 .041 -.006 -.0z5/ .000 -.003 .013 .001
7 .022 012 .030 .03 .000 .042 -.008 -.028 .000 -.002 .012 .00
8 .022 013 030 .030 .000 .043 -.011 -.O3q .000 -.002 .010 .
12 .022 014 026 .017] .000 .044 -.019 -03% .CO0O .000 .00s -.00
16 021 015 .022 015 .022 .044 -.023 -028 .056 .000 .001 -

Notes: (1) Identification ass.: long run restrictions ( e, has no long run effects on c,, €, has no long
run effects on ¢, p or ky).

122



Table 4.7
Forecast Variance Decomposition

a. Israel

steps C P X

oc) ew € el ap) e ¢ cf o) e ¢ o

0.05% 97.8 20 0.2 0.28% 5.1 88.0 6 0.38% 269 2.1 71.0

0.21% 98.8 0.7 04| 0.70% 12 93.7 5.3 1.99% 54.3 1.3 44.4

0.87% 99.4 03 03 263% 0.9 96.2 3 7.66% 72.1 0.0 27.3
1

132% 998 0.1 0qf 11.11% 36 951 19.33% 811 50 13
5.01% 999 0.0 0.0 18.06% 47 945 0.8 23.22% 789 10.8 10.

$§ o© & 0 ~

Notes: (1) Identification ass.: long run restrictions ( e, has no long run effects on c,, €, has no long
run effects on ¢,, p, Or k).

Table 4.8
Financial Variables and Structural Innovations
a. Israel
innovations Cw € €
black market -5.28 0.25 2.26
premium (5.66) (4.22) (3.53)
interest rate -0.02 4.08 -1.91
9.25) (6.88) (5.78)
cap flight (x1000) 0.39 0.46 0.69
(0.64) (0.48) (0.40)
R? 0.023 0.064 0.338
exclussion test (p- 0.77 0.68 0.05
value)
n.obs. 21 21 21

Notes: (1) Identification ass.: long run restrictions (¢, has no
long run effects on c,, e, has no long run effccts on c,, p, or k).
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Table 4.9
Short Run Dynamics: VAR(p) results

b. Chile
Modecl 111
AY,= A(L)AY . +8Z, +u,
exclussion tests Ap, AC AX,
{ AP A2} 022 088 041
{ ACy.1,AC.2 } 003 062 048
( Axyq, AX2 ) 0.13 021 058
2. 000 091 003
TxR? 2346 550 12.00
nobs 50 50 57
Table 4.10
Impulse Response Function
b. Chile
Cw % &
Sleps |G P Xy (Y P Xy < P X;

1 2.9% -0.4% 12.9% 0.0% 2.6% -13.2% -0.1% 1.9% 9.5%
2 3.1% -1.7% 19.0% 0.6% 3.1% -16.0% 0.4% 2.5% 6.7%
3 315% -2.6% 23.5% -0.5% 3.5% -16.5% 0.4% 1.6% 3.7%
4 3.6% -3.2% 23.7% -0.5% 4.0% -15.4% 0.3% 0.8% 31.2%
5 3.6% -3.9% 22.8% -0.4% 4.6% -13.8% 0.2% 0.6% 1.2%
6 3.5% -4.6% 21.3% -0.4% 5.0% -12.6% 0.2% 0.5% 1%
7 34% -5.1% 19.8% -0.3% 5.3% -11.6% 0.1% 0.4% 1.3%
8 3.3% -5.5% 18.6% -0.2% 5.5% -10.7% 0.1% 0.3% 1.3%
12 1.1% -6.2% 15.3% -0.1% 6.0% -8.6% 0.0% 0.1% 0.4%
16 3.0% -6.4% 14.3% 0.0% 6.1% -8.0% 0.0% 0.0% 0.1%

Notes: (1) Identification ass.: long run restrictions ( ep has no long run cffects on c,, e, has no long run
effects on ¢, p, or ky).
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Table 4.11
Forecast Variance Decomposition

b. Chile
steps () P, X,
oc) ew € ef op) ew & e ox) ew € &

1 009 999 00 o1 0.0 13 626 36| 431 384 407 209
2 037 988 08 0. 055 76 s68 354 2133 417 399 12
4 176  98.1 14 0. 279 220 612 16.7] 105.27 59.5 354 5.1
8 740 986 1.1 0. 1923 377 585 39 39196 666 307 2
- 99.0 08 0. - 420 560 2. 682 298 A

Notes: (1) Identification ass.: long run restrictions ( e, has no long run effects on ¢, e, has no

long run effects on ¢, p, or ky).

Table 4.12
Financial Variables and Structural Innovations
b. Chile

innovations €w €p ¢,
black market 2.88 2.45 1.30
premium 3.27) (2.66) (2.29)
interest rate 23.54 -21.46 -38.73

(11.98) (12.51) (10.28)
R? 0.058 0.058 0.32
exclussion test (p- 0.26 0.27 0.00
value)
n.obs. 31 31 31

Notes: (1) Identification ass.: long run restrictions ( €p has no

long run effects on c,, e, has no long run effects on ¢, p, or ky).



Figure 4.1: Israel 1979-1992
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Figure 4.2: Chile 1980-1993
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Impulse Response Function Model |

Figure 4.3: Israel
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Figure 4.6a: Israel

Durable Purchases: shock history from 1985:3-1988:4
Base Forecast at 1985:2 Model III

aeé

[ §]

(8]

[ §]

Q4

a)

02

3]

al

020

013

alo

al10

a1

03
0.e
o)
02
01
ao
a1
Y T T T 02 T T Ty T
1986 1988 1988 1968
Figure 4.6b: Israel

Durable Purchases: shock history from 1988:1-1988:4
Base Forecast at 1987:1 Model III
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Figurc 4.7: Ch'le
Impulse Response Function Model I
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