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ABSTRACT ——————————————————————————————————

We investigate sources of economic fluctuations in Chile during 1998-2007 within the frame-

work of a standard neoclassical growth model with time-varying frictions (wedges). We an-

alyze the relative importance of efficiency, labor, investment, and government/trade wedges

for business cycles in Chile. The purpose of this exercise is twofold: (i) focus the policy

discussion on the most important wedges in the economy; and (ii) identify which broad class

of models would present fruitful avenues for further research. We find that different wedges

have played different roles during our studied period, but that the efficiency, labor, and in-

vestment wedges have had the greatest impact. We also compare our results with existing

studies on emerging and developed economies.

————————————————————————————————————————

JEL Classification: E32

Keywords: business cycle accounting, wedges, Chile
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1 Introduction

Chile has enjoyed an impressive economic performance over the past two decades. The

country has been at the forefront among emerging markets in achieving macroeconomic

stability and reducing economic vulnerabilities. Moreover, due to strong growth and pro-

poor policies, per-capita income has tripled in U.S. dollar terms since 1990 and the poverty

rate has been cut by two-thirds. A major challenge going forward is to maintain, or improve,

this record. In this context, while Chile’s growth potential remains high, it has no doubt

declined in recent years. Indeed, average real GDP growth fell from well over 6 percent

in the 1990s to just over 4 percent since. There are a number of plausible explanations

for this slowdown. For example, by now Chile has strengthened its macroeconomic policy

framework to a point where the marginal impact of further improvement may have declined.

It is also probable that Chile has already harvested most of the “low hanging fruit” in terms

of structural reforms.

Looking forward, Chile’s economy needs to be adaptable to global competition and chang-

ing global economic circumstances, in order to weather both short-term shocks and longer-

term trend changes. For example, there are questions regarding the flexibility of the labor

market; hiring and firing costs are high by international standards, and labor participation

relatively low, especially among women. In addition, the quality of human capital appears to

lag countries at similar level of development, complicating skills-matching and retraining of

the labor force. By contrast, Chile’s financial system is generally well-developed, providing

ample access to financing for households and large corporations. However, embryonic ven-

ture and risk capital markets limit financing for new and smaller firms, thereby hampering

innovation and entrepreneurship. Other kinds of rigidities may also affect the efficiency of

the Chilean economy, and its capacity to cope with shocks.

This study attempts to quantify the relative importance of the type of rigidities or shocks
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mentioned above for the cyclical behavior of Chile’s economy during the 1998-2007 period.

The analysis is based on the Business Cycle Accounting approach developed by Chari et al.

(2007a). Specifically, we introduce time-varying wedges to a standard neo-classical growth

model, representing frictions in the labor and capital markets, and shocks to productivity

and government spending or net exports. The purpose of this exercise is twofold: (i) focus

the policy discussion on the most important wedges in the economy; and (ii) identify which

broad class of models would present fruitful avenues for further research.

2 Analytical Framework

Business Cycle Accounting (BCA henceforth), developed by Chari et al. (2007a), is a simple

framework for analyzing the sources of business cycle fluctuations. This methodology is

useful for identifying, within a unified framework, the dominating frictions or shocks within

the economy. The underlying model is a standard neoclassical growth model, in which a

number of time-varying wedges (each representing different types of distortions or shocks)

are introduced. The wedges are a labor wedge, an investment wedge, an efficiency wedge,

and an income accounting wedge, capturing government spending and net exports (referred

to as government wedge in Chari et al. (2007a)).

To see how these wedges work, consider a standard neoclassical growth model, with a

representative consumer optimizing lifetime utility, derived from consumption and leisure.

She maximizes her discounted lifetime utility subject to her budget constraint, law of motion

of capital, and non-negativity constraints:
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max
ct,xt,lt

E

∞
∑

t=0

βtU(ct, 1− lt)Nt s.t.

ct + (1 + τxt)xt = rtkt + (1− τlt)wtlt

Nt+1kt+1 = [(1− δ)kt + xt]Nt

ct, xt ≥ 0 in all states,

where ct denotes consumption, lt labor, xt investment, kt capital, rt rental rate of capital,

wt wage rate, and Nt working-age population1. In the above equation, τlt can be compared

to a time-varying tax on labor income, which interferes in the choice between consumption

and leisure. All else equal, an increase in this implicit tax leads to a decrease in labor input.

Similarly, τxt can be compared to a tax on investment, which interferes in the representative

agent’s intertemporal choice between consumption and investment. For purely presentational

purposes, we will define (1− τlt) as the labor wedge and 1/(1+ τxt) as the investment wedge.

This definition facilitates visual inspection of the wedges, with an increase in either wedge

benefiting growth, just like an increase in the productivity level would. A more extensive

discussion on the interpretation of the wedges is presented below.

The representative firm maximizes its profits from sales of final goods:

max
Kt,Lt

F (Kt, ZtLt)− rtKt − wtLt,

where Zt represents the efficiency wedge modeled as labor-augmenting technical progress.

1In this paper, all lowercase-letter variables represent aggregate (uppercase-letter) variables per working-
age person (population aged 15-64) rather than per capita. Bergoeing et al. (2002a) argue that this is an
appropriate choice since Chile experienced demographic transitions during the 1960-2000 period as popula-
tion growth rates fell sharply and the percentage of working-age persons in the total population changed.
This way, we ensure that no demographic changes are captured in the wedges of the model. In addition, all
variables are divided by a labor endowment of 1250 hours per quarter.
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Finally, equilibrium requires that the total amount of consumption, investment, and

government goods is produced by the representative firm, as well as that capital and labor

inputs used by the firm are supplied by the representative consumer, namely:

Nt(ct + xt) +Gt = F (Kt, ZtLt)

Ntkt = Kt

Ntlt = Lt,

where Gt is the income accounting wedge, which captures government expenditures and net

exports. We assume the following functional forms for the production function:

F (K,ZL) = Kθ(ZL)1−θ

and the utility function:

U(c, 1− l) = log(c) + ψ log(1− l),

where ψ is the relative weight of leisure in the utility function.

The first-order conditions are as follows (for detailed derivations see Chari et al. (2006)):

ĉt + ĝt + (1 + gz)(1 + gn)k̂t+1 − (1− δ)k̂t = ŷt (1)

ŷt = k̂θt (ztlt)
1−θ (2)

ψĉt
1− lt

= (1− τlt)(1− θ)
ŷt
lt

(3)

(1 + τxt)

ĉt
= β̂Et

1

ĉt+1

[

θ
ŷt+1

k̂t+1

+ (1− δ)(1 + τxt+1)

]

(4)

where gz is trend growth in labor efficiency (Z) and gn is working-age population growth,
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and:

x̂t =
Xt

Ntz0(1 + gz)t
.

The actual wedges are derived from the model and the data. The income accounting wedge

ĝt is taken directly from the data on government expenditure and net exports. The effi-

ciency wedge zt is computed from the production function. The labor wedge (1 − τlt) is

calculated from the consumption-leisure condition and the investment wedge 1/(1 + τxt) is

calculated from the intertemporal consumption condition. Note that all wedges except the

investment wedge can be derived directly from the data and static first-order conditions.

The investment wedge needs to be estimated, as it depends not only on observable data but

also on expectations. To do so, we follow Chari et al. (2007a) and assume that expectations

follow an AR(1) process, in which next period’s expected wedges can be fully determined by

current period data and wedges. In particular, we loglinearize equations (1)-(4) around the

steady state of the model and then use Maximum Likelihood Estimation in order to obtain

the parameters that govern the processes of the four wedges above2.

All variables are expressed in per-capita (actually per-labor force) terms and all (except

labor) are detrended by a labor productivity trend gz. Hence, the productivity wedge shows

the progress in productivity relative to this trend.

While the interpretation of the income accounting wedge is straightforward, it is impor-

tant to keep in mind that the model cannot identify the precise nature of the other wedges.

In fact, Chari et al. (2007a) demonstrate that a wide range of models including different

types of frictions would produce the same first order conditions as our prototype model.

Notably, the labor and investment wedges should not literally be interpreted as taxes. For

example, the labor wedge could capture unionization or sticky wages and monetary shocks.

2Throughout this exercise, we use the solution method and estimation suggested by Chari et al. (2006).
In fact, we modify the original code generously provided by Ellen R. McGrattan in order to apply it to our
study of Chile. We refer the reader to Chari et al. (2006) and Chari et al. (2007a) for a detailed explanation
of the accounting procedure.
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Moreover, the presence of credit restrictions or taxes/subsidies on capital income would

all have similar effects on the investment wedge. In addition, if one introduces a consumption

tax into the model it would be indistinguishable from the investment wedge. Hence, the latter

should be thought of as capturing frictions on investment spending relative to consumption.

Furthermore, the efficiency wedge captures the level of total factor productivity as well as

any input-financing frictions. Hence, a degree of caution is warranted when interpreting the

results. The point of the analysis is to determine which broad class of distortions have played

the greatest role for variations in growth, employment, investment, and consumption. The

results can also serve as guidance for the appropriate direction of a more detailed analysis.

In order to assess the importance of each wedge for the overall economy, the wedges are

fed into the model one by one, and in combinations. Accordingly, to measure the effect

of, say, the labor wedge, the model is run with all other wedges fixed at their first-period

(Q1 1998) values. Thus, we can identify which one(s) of the four wedges best explains

the observed economic fluctuations in Chile during the 1998-2007 period. Note that this is

an accounting exercise; by definition, if all wedges are included simultaneously, the model

returns the actual data.

2.1 Calibration

Table 1: Parameter Estimates for Benchmark Economy
Parameter Value Source (Assume Chile is in SS in 1998Q1)

θ 0.3000 Bergoeing et al. (2002a)

δ 0.0125 Bergoeing et al. (2002a)

β 0.9939 Calibration

ψ 3.3631 Calibration

gn 0.400% Match 1.6% annual growth rate of population

gz 0.500% Assume 2% annual TFP growth rate

In order to solve the model, we first calibrate its parameters to match certain observed

facts about Chile. The parameters we use in our benchmark calculations are summarized in
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Table 1.

As can be seen from Table 1, we follow Bergoeing et al. (2002a) in the use of the share

of capital in the production function, θ, and the quarterly depreciation rate, δ. In fact,

the authors find that, during the 1980s, the share of labor income in production for Chile

is 0.53 (which corresponds to θ = 0.47). However, they argue that the measured labor

compensation in Chile fails to account for the income of most self-employed and family

workers, who amount to a large portion of the total labor force. Moreover, as they point

out, Golin (2002) shows that, for countries for which there is sufficient data to adjust for

this mismeasurement, θ tends to be close to the US estimate of 0.3.3

Furthermore, Bergoeing et al. (2002a) calibrate the annual depreciation parameter for

Chile to 0.08 during the 80’s and the 90’s. However, they opt to use δ = 0.05 (which

corresponds to a quarterly depreciation rate of 0.0125) in their calculations because higher

values yield an implausibly low capital-output ratio in Chile during the relevant period.4

Notice that, in order to calibrate the model, we assume that our first-period observations,

namely those corresponding to the first quarter of 1998, represent the steady state of the

economy. Then, using the parameters suggested by Bergoeing et al. (2002a), together with

our data observations, we calibrate the discount factor and the weight of leisure in the

utility function as well as the first-period capital stock and efficiency level, in order to satisfy

equations (1)-(4) above. In doing so, we normalize the first-period labor and investment

wedges to unity. We construct the capital stock according to the law of motion of capital,

using actual investment data.

In addition, we take gn to be the quarterly equivalent of the observed average annual

growth rate of the working-age population during the studied period. Finally, we detrend

3We repeat the analysis with θ = 0.47 and we find no qualitative difference in the results. The detailed
results are available upon request from the authors.

4We repeat the analysis with δ = 0.02 (which corresponds to an annual depreciation rate of 0.08 as
calibrated by Bergoeing et al. (2002a)) and we find no qualitative difference in the results. The detailed
results are available upon request from the authors.

10



all per-capita variables by the calibrated first-period efficiency level and a 2%-annual TFP

growth rate, corresponding roughly to trend productivity growth in Chile during the studied

period.

3 Results

Using the calibrated model and quarterly aggregate variable data on Chile for the 1998-2007

period, we first compute the four wedges described in equations (1)-(4). Figure 1 below plots

these wedges.

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

0.9

0.95

1

1.05

1.1

Figure 1.Benchmark Model~Measured Wedges

 

 
Efficiency Wedge

Labor Wedge

Investment Wedge

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

0.1

0.15

0.2

 

 
Income Accounting Wedge

Figure 1: Benchmark Model - Measured Wedges

Figure 1 plots the efficiency (zt), labor (1 − τlt) and investment (1/(1 + τxt)) wedges
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normalized to their first-period realizations. The lower figure plots the income accounting

wedge (ĝt) as a fraction of total detrended per-capita output. Since the income accounting

wedge is much more volatile than the remaining three wedges, we show it on a separate

graph.

Notice that during the 1998-1999 crisis in Chile, both the efficiency and the labor wedge

fell. Since 2001, however, the labor wedge kept improving and it especially picked up starting

in 2005. The latter is consistent with the surge in employment in Chile, and may capture

the recent structural improvements in the functioning of the labor market discussed below.

Furthermore, beginning in 2004, the efficiency wedge started to increase and surpassed its

1998 levels. Throughout most of the decade, however, both the efficiency and labor wedges

remained below their 1998 levels indicating the presence of frictions in the labor or other

input markets.

According to an extensive report by the OECD (2009), Chile’s labor market can be

described as a segmented one. The segmentation that the OECD refers to is with respect to

the age, sex, and job tenure of workers. Table 1.1 in the report documents the employment-

to-population ratios by gender for selected working-age groups among the thirty-five OECD

member and accession countries. Chile represents the median country with respect to the

employment ratio for workers of age fifty-five and above. Furthermore, it falls in the bottom

third for employment of working-age men and in the bottom quarter for employment of

youths aged up to twenty-four. Finally, Chile’s employment rate for working-age women

amounts to a mere 39%, which is the lowest among all OECD countries, except for Turkey.

The OECD report argues that the high degree of labor market segmentation in Chile can

largely be attributed to high entry barriers for underrepresented groups such as youths and

women. The particular policy that gives rise to entry barriers is the high severance pay as

function of job tenure for indefinite-duration contracts, which represent the standard labor

arrangement in Chile (see also Edwards et al. (2000) for a detailed description of the labor
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market reforms in Chile during the 1970-2000 period). First, it is not possible for a firm to

dismiss workers on the basis of lack of skill. Second, while it is possible to dismiss workers for

economic reasons (ex. during a recession), the severance pay amounts to a one month’s salary

for each year of service, up to a total of eleven months worth of salary. Such severance pay is

high relative to the typical OECD country, where firms pay up to four months worth of salary

upon employee dismissal and workers are entitled to government-sponsored unemployment

benefits thereafter.

In order to avoid incurring the high labor adjustment costs, firms in Chile turn to alter-

native labor arrangements such as sub-contracting and the use of temporary work agencies

(TWAs). The first refers to performing separate work processes outside of the boundaries of

the firm, while the second amounts to hiring temporary workers via intermediary firms. Un-

like most OECD countries where standard labor laws apply to TWAs, both sub-contracting

and the use of TWAs were unregulated in Chile until 2007. According to a survey of firms

with five or more workers, by the mid-2000’s, over 40% of employers relied on sub-contractors

and TWAs. This widespread use of labor intermediaries rose considerably during the late

1990’s and early 2000’s during an attempt by the Chilean government to pass reforms that

were aimed at strengthening job security for employees. Labor reforms were finally passed

by the year 2007, and they included a regulation of TWAs, whose role in the labor market

became less dominant in subsequent years.

Overall, throughout the first half of the decade examined in the present paper, the combi-

nation of Chile’s labor practices and the inability of the administration to pass labor reforms

likely hampered the flexibility of firms to adjust their labor inputs efficiently and therefore

lowered average labor productivity, which potentially manifested itself into the labor and

efficiency wedges in the benchmark neoclassical model. The reforms that were implemented

during the second half of the decade likely led to increased levels of employment. As men-

tioned earlier, however, a more detailed model focusing on labor market imperfections would

13



be required to gain insights into the precise nature of such structural changes.

To continue, the income accounting wedge has been highly volatile throughout the period.

Government consumption has increased in a relatively steady fashion from roughly 13% to

15% of output during the period. Thus, most of the volatility is due to changes in net

exports. In particular, the sharp drop of the income accounting wedge beginning in 2004

is mostly due to the sharp increase in imports, which has been matched by increases in

consumption and investment.

The investment wedge appears to be negatively related to the efficiency wedge throughout

most of the decade. Moreover, beginning in 2004, it declines below its steady-state (1998)

level. Given that one interpretation of the investment wedge is the relative ease of financing

of investment versus consumption, the decline in this wedge is consistent with the improved

access to household, relative to corporate, credit in Chile in the mid-2000’s.

In particular, several capital market reforms took place in Chile during the 1998-2007

period. Livacic and Saez (2001) document that Chile dismantled all capital controls by

1997. However, the authors also argue that, at the same time, banking oversight began to

strengthen considerably. This policy effectively precluded smaller and less well-established

companies from enjoying the benefits of the inflow of foreign capital. Furthermore, according

to the Credit and Loan Reporting Systems Report for Chile, during the early years of the

new millennium, banks and large department stores in particular began extending consumer

credit. The argument is further supported by Figure 18 in Appendix D, which plots the

ratio of consumer loans to commercial loans in Chile between January of 2001 and March of

2007. Notice that the ratio of consumer to commercial loans nearly doubled between 2002

and 2007.

The combination of the last two policies effectively made consumption relatively cheaper

than domestic investment. Thus, the decline in the investment wedge may reflect these

changes in the Chilean economy. As argued earlier, however, a detailed model focusing on
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capital market imperfections would be required to make more precise statements.

Finally, as mentioned above, the investment wedge exhibits a negative correlation with

the efficiency wedge, especially in years in which the efficiency wedge experiences spikes. A

plausible explanation for this unexpected behavior of the investment wedge is that it is, in

a sense, a residual. It is the only wedge that is estimated rather than being directly taken

from the data. Moreover, since the total effect of all wedges should by construction replicate

the data, the investment wedge absorbs any estimation or calibration errors or exaggerated

spikes in the data.

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
0.9

1

1.1
Figure 2.1.Benchmark Model~Output Data and Efficiency Wedge

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
0.9

1

1.1
Figure 2.2.Benchmark Model~Output Data and Labor Wedge

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
0.9

1

1.1
Figure 2.3.Benchmark Model~Output Data and Investment Wedge

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
0.9

1

1.1
Figure 2.4.Benchmark Model~Output Data and Income Accounting Wedge

Figure 2: Benchmark Model - Output

Figure 2 shows the predictions of the model, simulated with each of the four wedges at a

time, for total detrended per-capita output during the 1998-2007 period. In all four subplots,

15



the solid line represents the actual data plotted relative to the first-period observation; other

lines correspond to output simulations using one particular wedge.

In 1998, Chile experienced a crisis and thus a drop in output. However, (detrended per-

capita) output remained below its 1998 level throughout most of the decade. It began to

recover in 2004 and reached its 1998 level in 2007.

Overall, the efficiency wedge does the best job predicting the fluctuations in output in

Chile during the 1998-2007 period. Although the efficiency wedge generates the initial drop

in output and tracks the fluctuations of output well, it does not maintain output sufficiently

below trend and it overpredicts the recovery.

The labor wedge aids the efficiency wedge in accounting for the behavior of output during

the period. At the beginning of the 1998-1999 crisis, the labor wedge predicts a fall in output.

It also appears to explain the movement in output in 1999 as well as during the 2001-2003

period. The wedge predicts a recovery beginning in mid-2004.

The investment wedge does not predict the observed movements in output well until

mid-2004, since it generates consistently counterfactual fluctuations. It does however track

the recovery in output beginning in mid-2004 quite well. The income accounting wedge

suggests that output should have remained nearly unchanged and perhaps it should have

risen slightly.

We have also simulated the impact of each wedge on hours worked, investment, and con-

sumption (see Appendix B). Overall, the efficiency and investment wedges play a central role

in explaining the movement in investment, the labor and investment wedges track hours well,

while the income accounting wedge predicts the observed fall and recovery in consumption.

Our results are consistent with similar studies on other Latin American countries. Graminho

(2006) uses the BCA approach and finds that the efficiency wedge plays a central role in

explaining the fluctuations of the major aggregates in the Brazilian economy during the 1980-

2000 period. Applying a slightly modified BCA model, Lama (2011) finds that business cycle
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fluctuations in the 1990’s were mostly explained by the labor wedge in Argentina, and by

efficiency fluctuations in Brazil and Mexico. Using a standard growth accounting method-

ology, Bergoeing et al. (2002a), Bergoeing et al. (2002b), and Bergoeing et al. (2002c) find

that total factor productivity fluctuations play a central role in explaining the behavior of

output in Chile and Mexico during the 1980’s and 1990’s.

Moreover, BCA studies of advanced economies have obtained similar results. In their

seminal paper, Chari et al. (2007a) demonstrate that the efficiency and the labor wedge ac-

count for the majority of the fluctuations in the US economy during the Great Depression

and the 1982 recession. Kersting (2008) finds that the labor wedge was largely respon-

sible for the business cycle fluctuations in the United Kingdom in the 1980’s. Similarly,

Kobayashi and Inaba (2006) argue that the labor wedge best accounts for the Japanese

recession in the 1990’s. In contrast, Chakraborty (2009a) argues that the efficiency and

investment wedges were critical in accounting for the behavior of the Japanese economy over

the 1980-2000 period. The author also offers an illuminating discussion on the sources of

the different findings across the two studies and sheds light on the importance of various

assumptions in BCA exercises.

4 Alternative Specification:

Adjusting for Copper Investment

Chile is the biggest copper producer in the world, and while mining as a percentage of

total GDP is in the single digits, copper exports and copper-related investment can be

quite substantial and volatile. Under the plausible assumption that resource extraction

behaves differently than the rest of the economy, it would be of interest to replicate the BCA

exercise on the non-mining sector of the Chilean economy. Unfortunately, available data

do not permit isolating the mining sector’s share in consumption, investment, and imports.
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Moreover, apart from mining revenues to the government, no data are available on flows

between the mining and non-mining sectors. The latter may be of less concern, since the

copper sector can be looked at as an enclave, with only limited links to the rest of the

economy.

We do, however, have annual data on mining FDI. As a sensitivity check, we make a

rough attempt to correct the investment wedge for mining investment. For this purpose,

we are forced to make a number of simplifying assumptions. First, we approximate mining

investment by mining FDI. On one hand, this ignores the fact that a part of FDI is for

purposes other than investment, and on the other it neglects investment by CODELCO, the

Chilean state-owned copper company. Second, because we have sectoral FDI data only at

an annual frequency, we assume the mining sector’s share of FDI is constant throughout

the year. We then subtract mining FDI from the quarterly investment observations and

move it to the income accounting wedge. Clearly this is just a partial solution, in that we

cannot adjust for mining on the supply side, as long as we do not have full information on

the sector’s demand components. However, this should not be a major shortcoming, since

mining is a relatively small and stable share of total GDP.

Table 2: Parameter Estimates for Alternative Economy
Parameter Value Source (Assume Chile is in SS in 1998Q1)

θ 0.3000 Bergoeing et al. (2002a)

δ 0.0125 Bergoeing et al. (2002a)

β 0.9915 Calibration

ψ 3.3631 Calibration

gn 0.400% Match 1.6% annual growth rate of population

gz 0.500% Assume 2% annual TFP growth rate

We replicate the calibration procedure to the benchmark model using the modified data

series. The results are reported in Table 2. We consider this our preferred model, and as

such, we also present more detailed results on hours worked, investment, and consumption.

The results are similar to those from the benchmark model above. In the calibration, only
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the parameter β changes, since we only modified the definition of investment.

Figure 3 below plots the four wedges of the alternative model.
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Figure 3.Alternative Model~Measured Wedges
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Figure 3: Alternative Model - Measured Wedges

Relative to Figure 1, the investment wedge is at a higher level, but it falls below its steady-

state level in 2004 and it exhibits a stronger and more persistent decline since. The income

accounting wedge, which now incorporates mining investment, is slightly more volatile than

before, but maintains its downward trend in recent years consistent with Figure 1. As ex-

pected, the labor wedge remains unchanged, since it is computed directly from the aggregate

data series. The efficiency wedge differs only slightly from the previous exercise.

Figure 4 below shows the predictions of the model adjusted for mining FDI, simulated

with each of the four wedges at a time, for total detrended per-capita output during the

19



1998-2007 period.
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Figure 4: Alternative Model - Output

Once again, the efficiency wedge does the best job predicting the fluctuations in output

in Chile during the 1998-2007 period. Similarly to the benchmark model, the efficiency

wedge does not maintain output sufficiently below trend and it overpredicts the recovery.

Furthermore, the labor wedge once again aids the efficiency wedge in accounting for the

behavior of output during the period.

The investment wedge performs worse relative to the benchmark exercise. In particular,

it does not only generate consistently counterfactual fluctuations, but it also no longer tracks

the recovery in output. Finally, the income accounting wedge effectively predicts no changes

to output as in the benchmark specification.
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Figure 5: Alternative Model - Investment

Figure 5 plots predicted and actual investment. Although the investment wedge tracks

the fluctuations in investment during the first half of the studied period, it fails to capture the

drop in the level of investment. Moreover, beginning in 2005, it counterfactually predicts a

large fall in investment. However, relative to the benchmark exercise, the income accounting

wedge does a much better job at explaining investment. This may at first come across as

puzzling since the investment series no longer contain the mining FDI component, while

the income accounting wedge does. However, since the income accounting wedge is largely

driven by changes in net exports, it is not surprising that it does a fair job at explaining

investment movements as investment goods in Chile are predominantly imported.

The movements in total hours worked do not seem to be explained very well by any
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Figure 6: Alternative Model - Hours

particular wedge (Figure 6), although the efficiency and labor wedges do explain the general

behavior of these series during certain sub-periods. Both wedges, however, predict a much

higher volatility in hours than suggested by the data. Total hours worked are calculated as

the product of total quarterly employment, average weekly hours worked per person, and

the number of weeks in a quarter. Since average weekly hours worked per person were only

available at an annual basis (see Appendix A for details), this may be contributing toward

the smoothness of the series.

It is interesting to note that actual hours worked did not fall immediately as the 1998-1999

crisis took place, but rather seem to show a downward trend with a lag. This may be due to

the high firing costs that characterized the labor markets during the period. As expected,
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the efficiency wedge predicts a fall in hours and a recovery consistent with the movements in

output shown in Figure 6. The labor wedge predicts a much larger fall in hours throughout

most of the period as well as a much stronger recovery than actually observed, which may

in part be due to data issues (see Appendix A). Finally, the income accounting wedge yields

little to no movement in hours throughout the period, which is consistent with its predictions

for output discussed earlier.
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Figure 7: Alternative Model - Consumption

The efficiency and labor wedges are poor predictors of movements in consumption (Fig-

ure 7). In general, the benchmark model produces rather smooth consumption series due

to the assumption of rational expectations and the representative consumer’s consumption-

smoothing preferences. However, the income accounting wedge does predict a drop in con-
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sumption, especially during the crisis. Again, as in the case of investment, this may be

driven by the changes in net exports as consumption goods to a large degree are imported.

Finally, notice that the investment wedge correctly predicts an increase in consumption in

recent years.

In sum, relative to the benchmark exercise, the notable difference in the results lies in

the performance of the investment wedge. While this wedge, once purged of mining FDI,

falls short of the income accounting wedge in predicting the behavior of investment, it does

account for the rise in consumption during the recovery. Given that one interpretation of

the investment wedge is the relative ease of financing of investment versus consumption, the

observed decline in this wedge is consistent with the improved access to household credit

discussed earlier. Should the investment wedge reflect these changes in the Chilean economy,

it would predict a fall in investment and a rise in consumption.

5 Discussion on Robustness of Results

5.1 Economy With Taxes on Capital Income

The benchmark and the alternative exercises produced different results regarding the im-

portance of the investment wedge in accounting for the business cycle fluctuations in Chile

during the 1998-2007 period. Drawing stark conclusions about the importance of the in-

vestment wedge may be of concern in light of the recent work by Christiano et al. (2006),

who argue that small changes in the implementation of the BCA procedure may yield dif-

ferent results relative to the benchmark specification. In particular, the authors argue that

financial frictions that manifest themselves as taxes on capital income, rather than taxes on

investment, may affect the fluctuations of key macroeconomic variables differently.

Hence, for robustness purposes, we repeat the analysis using capital rather than invest-

ment taxes. Following the arguments of Chari et al. (2007b), we introduce taxes on gross
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capital income. Let τkt denote the capital tax rate in period t. Then, the Euler equation in

expression (4) becomes:

1

ĉt
= β̂Et

1

ĉt+1

(1− τkt+1)

[

θ
ŷt+1

k̂t+1

+ 1− δ

]

.

As Chari et al. (2007b) demonstrate, there is equivalence between capital and investment

taxes, if capital taxes are chosen to satisfy:

(1− τkt+1)

[

θ
ŷt+1

k̂t+1

+ 1− δ

]

=
θ ŷt+1

k̂t+1

+ (1− δ)(1 + τxt+1)

(1 + τxt)
.

While the equivalence holds in theory, in practice taxes are estimates obtained from the

data. Hence, different estimates may potentially affect the quantitative results of the BCA

exercise. For these reasons, we re-estimate the benchmark economy from Table 1 with capital

taxes instead of investment taxes.

The results from the exercise are reported in Appendix C. There are two notable findings.

First, the capital wedge follows closely, but is more volatile and at a lower level than, the

investment wedge. Clearly, the remaining three wedges are identical to the benchmark

economy since they are computed directly from the data. Second, because of the drop in

the level, relative to the investment wedge, the capital wedge better accounts for the drop

in output and investment during the recession. As in the benchmark exercise, the capital

wedge fails to capture the recovery in investment, which appears to be mainly driven by

the efficiency wedge. Finally, the findings related to hours worked and consumption remain

unchanged.

Overall, the robustness exercise yields nearly identical results to the benchmark. This

finding reinforces the conclusions regarding the behavior of the investment wedge in Chile

throughout the period. Hence, much like Chari et al. (2007b) and Šustek (2011), we conclude
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that the particular modeling choice for the investment wedge does not change the nature of

the results in the BCA exercise.

5.2 Importance of Income Accounting Wedge

5.2.1 Sudden Stops

Both in the benchmark and in the alternative specification, the estimated income accounting

wedge is very volatile. Yet, the wedge predicts virtually no change in output and hours

worked throughout the decade. In fact, the wedge predicts an almost indistinguishable

increase in the variables.

One may be concerned that the poor performance of this wedge stems from the failure

of the BCA exercise to account for sudden stops in capital inflows. To understand the

argument, refer to Chari et al. (2005) who examine the Mexican crisis in the mid-1990’s.

The authors argue that when a sudden stop occurs, the fall in the capital account must be

balanced out by an increase in the current account, namely an increase in net exports due to

a fall in imports. In and by itself, this would stimulate output, but this impact is obviously

superseded by other manifestations of the sudden stop.

Chakraborty (2009b) demonstrates that a BCA exercise with an alternative preference

specification and an assumption of a small-open economy allows the income accounting

wedge to generate a drop in output and hours during a sudden stop episode. In particular,

the author advocates the preference parametrization in Greenwood et al. (1988), where the

marginal rate of substitution between consumption and leisure is independent of consump-

tion. In this environment, a sudden stop does not affect current-period hours and output, but

it generates a negative wealth effect which depresses current consumption. Consequently, the

marginal utility of consumption rises, which depresses investment in the next period as well

as the capital stock. A reduction in hours worked and output in the future period follows.

26



While this mechanism is admittedly very useful in accounting for the behavior of macroe-

conomic variables during sudden stop episodes, it is unlikely to improve the performance of

the income accounting wedge in the present exercise because there is no evidence that Chile’s

downturn was caused by a sudden stop.

To support this claim, we follow Chari et al. (2005), who examine the Mexican crisis in

the mid-1990’s, and we analyze the behavior of the current and financial accounts one year

before and after the start of the economic downturn. Figures 16 and 17 in Appendix D

plot Chile’s current and financial account, respectively, as well as their main sub-accounts,

during the 1997-1999 period5. The solid line represents the main account, while the dashed

line captures the particular sub-account in each sub-plot.

Denoting the year of 1998 as marking the beginning of the downturn, notice that there is

no reversal in the behavior of the current or the financial account in the previous year, 1997.

Figure 16 shows that Chile continued to run a current account deficit throughout 1997 and

1998 mainly due to the negative trade balance. The country briefly attained a trade surplus

in 1999. Throughout the three-year period, Chile continued being a net factor payee, which

is likely attributed to dividend payments to the foreign owners in the copper sector, and it

remained a net transfer recipient.

Figure 17 shows that Chile enjoyed capital inflows throughout 1997 and 1998 and suffered

a slight outflow in the first quarter of 1999. An inspection of the sub-accounts suggests that,

throughout the three-year period, foreign investors continued to invest in Chile, but they

changed the composition of their portfolio. Moreover, the Chilean government continued to

improve its reserve asset position during 1997 and 1998, which suggests that there was no

attempt to remedy an apparent sudden stop of capital inflow. Hence, it is reasonable to

conclude that Chile’s downturn was not associated with a sudden stop.

5The quarterly data were obtained from the Statistics Database of the Central Bank of Chile available
at http://si3.bcentral.cl/Siete/secure/cuadros/home.aspx
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5.2.2 International Borrowing Constraints

Given the size of the Chilean economy and its asset base, it is reasonable to argue that

Chile is a small open economy. With this assumption in mind, one may hypothesize that

the recovery of the Chilean economy beginning in late 2003 and the associated steady rise in

investment, and especially in consumption, is due to a loosening in the borrowing constraint

of Chilean consumers and firms on international markets. In particular, one may be lead to

believe that consumers have begun to enjoy more favorable terms of borrowing from abroad

relative to firms, given the sharp increase in the consumer-to-commercial loan ratio during

the period depicted in Figure 18 in Appendix D.

Unfortunately, detailed data on Chilean consumer and commercial loans by country of

origin are not available. However, in order to evaluate whether the aggregate economic

recovery in Chile is an artifact of loosening international borrowing constraints, we introduce

international debt in the presence of convex portfolio adjustment costs into a small-open

economy that borrows from the world at a constant exogenous interest rate. In particular,

motivated by Schmitt-Grohe and Uribe (2003), we modify the consumer budget constraint

in Section 2 above as follows:

ct + (1 + τxt)xt = rtkt + (1− τlt)wtlt + tdt

tdt = dt+1 − (1 + r∗)dt −
φ

2
(dt+1 − d̄)2

lim
j→∞

Et

dt+j

Πj
s=0(1 + r∗)

≤ 0

In the above expression, tdt represents the trade deficit (or the negative trade balance, −tbt),

which is governed by foreign debt dynamics. dt+1 represents external debt, which requires

interest payments at the world rate of r∗ = 1/β̃ − 1, where β̃ = β(1 + gn). The quadratic

term represents the cost to adjust the debt portfolio from the steady-state level of debt, d̄.

We repeat the benchmark business cycle accounting exercise with four standard wedges:
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efficiency, labor, investment, and government spending. Foreign debt represents an addi-

tional endogenous variable in the model that interacts with all other macroeconomic vari-

ables. Moreover, the foreign-debt dynamics fully guide the movements in the trade balance,

which in turn account for the majority of the fluctuations in the income accounting wedge

(comprised of government spending and the trade balance).

We follow Schmitt-Grohe and Uribe (2003) to estimate the two new parameters, d̄ and φ.

In particular, we let φ be 0.00074 as in Schmitt-Grohe and Uribe (2003). Furthermore, we

estimate d̄, together with the remaining parameters of the model, so as to match the volatility

of the current account-to-GDP ratio over the period of study. The resulting parameter value

is d̄ = 4.1416.

The results from the exercise are reported in Appendix E. Figure 19 plots the four mea-

sured wedges as well as the income accounting wedge, which comprises the government wedge

and the trade balance. The wedges resemble closely the ones obtained for the benchmark

economy. Furthermore, Figures 20 to 23 plot the predicted series for output, investment,

hours worked, and consumption in an economy with each one of the four wedges, respec-

tively. Finally, Figure 24 plots the predicted net inflow of foreign capital — the key new

variable of interest in the small open economy model.

Much like in the benchmark model, the efficiency and labor wedges continue to account

for the majority of the fluctuations during the period. Furthermore, the behavior of the net

capital inflow tracks closely the evolution of consumption during the period. This observation

is in line with earlier arguments that the fall and recovery in consumption during the period

can be attributed to a loosening in international borrowing constraints. Overall, however,

the increase in foreign capital inflow since the turn of the century does not appear to account

for the recovery in the remaining macroeconomic variables such as investment.
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6 Conclusion

In summary, our business cycle accounting exercise suggests that productivity and labor mar-

ket considerations best explain the behavior of output and hours worked in Chile throughout

the 1998-2007 period. The investment wedge tracks the fluctuations in investment, but it

fails to predict its recovery. Moreover, in an exercise that isolates away the mining sector

from the investment series, the investment wedge correctly predicts an increase in consump-

tion relative to investment in recent years. The latter is consistent with the increased access

to credit on the part of the Chilean consumers. Finally, the income accounting wedge gen-

erally reflects fluctuations in the trade balance and does not account for the behavior of

the main macroeconomic aggregates in Chile. However, the wedge explains the behavior

of consumption during the studied period, which is consistent with the argument that the

majority of consumption goods in Chile are imported.

The predictive power of the efficiency, labor, and investment wedges suggests that re-

laxing labor market rigidities and improving access to corporate credit should be a focus

for policy. However, specific policy recommendations would require a closer look at a more

detailed model that incorporates frictions that manifest themselves as efficiency, labor, and

investment wedges.
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Appendix

A Data Sources and Calculations

Table 3: Quarterly Data for Chile, 1998-2007
Code Description of Data Unit Source

O.1 Gross Domestic Product (SA, Mil.2003.Ch Pesos) Banco Central de Chile

O.2 Total Consumption (SA, Mil.2003.Ch Pesos) Banco Central de Chile

O.3 Gross Fixed Capital Formation (SA, Mil.2003.Ch Pesos) Banco Central de Chile

O.4 Change in Inventories (SA, Mil.2003.Ch Pesos) Banco Central de Chile

O.5 Government Consumption (SA, Mil.2003.Ch Pesos) Banco Central de Chile

O.6 Exports of Goods and Services (SA, Mil.2003.Ch Pesos) Banco Central de Chile

O.7 Imports of Goods and Services (SA, Mil.2003.Ch Pesos) Banco Central de Chile

O.8 Employment: Quarterly Mov-
ing Average Ended in Specified
Month

(SA by Haver, Thousands) Instituto Nacional de
Estaditicas

O.9 Net VAT Revenue (SA, Mil.2003.Ch Pesos) Banco Central de Chile

O.10 Import Duties (SA, Mil.2003.Ch Pesos) Banco Central de Chile

O.I.1 Total FDI (Liabilities in Chile) (NSA, Mil.USD) Banco Central de Chile

O.I.2 Exchange Rate (Ch/USD) Banco Central de Chile

O.I.3 Gross Fixed Capital Formation (SA, Mil.Ch Pesos) Banco Central de Chile

O.I.4 Change in Inventories (SA, Mil.Ch Pesos) Banco Central de Chile
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Table 4: Annual Data for Chile, 1998-2007
Code Description of Data Unit Source

O.11 Population ages 15-64 (Thousands) WDI

O.12 Hours actually worked, Men
and Women (Weekly Average
Hours)

(Hours per Person) ISIC-Rev.2

O.I.5 Mining Fraction of FDI (NSA, Fraction of Total) Banco Central de Chile

Notes:
Population data only available for 1998-2004. We assume that population grows at a constant rate given
by the quarterly equivalent of the annual growth rate of the available observations.

Hours data only available for 1998-2005. We take the 2005 observation for 2006-2007. Since weekly
hours per person have been declining in Chile, a linear interpolation of the last two observations resulted
in estimates that were too low. We assume that the yearly observation does not change for different
quarters and use it as if it were quarterly data. As discussed in the main text, the relevant variable in
the analysis—total hours worked—is calculated using employment for which quarterly data are available.

Table 5: Constructed Data for Chile, 1998-2007
Code Description of Variable

C.1=O.1-O.9-O.10 Yt =GDP - Net VAT Revenue - Import Duties

C.2=O.2-O.5 Ct =Total Consumption - Gov’t Consumption -
VAT - Import Duties

C.3=O.3+O.4 Xt =Gross Fixed Capital Formation + Change
in Inventories

C.4=O.5+O.6-O.7 Gt =Gov’t Consumption + Exports - Imports

C.5=O.11 repeated quarterly Population (Yearly Observation Repeated 4
Times)

C.6=% Changes in C.5 γn =Population Growth Rate

C.8=O.12 quarterly Average Weekly Hours Actually Worked

C.9=C.8*O.8*52/4 Lt =Total Hours Worked Per Quarter
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B Results from Benchmark Model
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Figure 8.1.Benchmark Model~Investment Data and Efficiency Wedge

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
0.1

0.2

0.3

Figure 8.2.Benchmark Model~Investment Data and Labor Wedge
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Figure 8.3.Benchmark Model~Investment Data and Investment Wedge
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Figure 8.4.Benchmark Model~Investment Data and Income Accounting Wedge

Figure 8: Benchmark Model - Investment
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Figure 9.1.Benchmark Model~Hours Data and Efficiency Wedge
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Figure 9.2.Benchmark Model~Hours Data and Labor Wedge
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Figure 9.3.Benchmark Model~Hours Data and Investment Wedge
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Figure 9.4.Benchmark Model~Hours Data and Income Accounting Wedge

Figure 9: Benchmark Model - Hours
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Figure 10.1.Benchmark Model~Consumption Data and Efficiency Wedge
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Figure 10.4.Benchmark Model~Consumption Data and Income Accounting Wedge

Figure 10: Benchmark Model - Consumption
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C Results from Benchmark Model With Capital Taxes
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Figure 11.Benchmark Model With Capital Wedge~Measured Wedges
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Figure 11: Benchmark Model With Capital Wedge - Measured Wedges
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Figure 12.1.Benchmark Model With Capital Wedge~Output Data and Efficiency Wedge

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
0.9

1

1.1
Figure 12.2.Benchmark Model With Capital Wedge~Output Data and Labor Wedge
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Figure 12.3.Benchmark Model With Capital Wedge~Output Data and Capital Wedge
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Figure 12.4.Benchmark Model With Capital Wedge~Output Data and Income Accounting Wedge

Figure 12: Benchmark Model With Capital Wedge - Output
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Figure 13.1.Benchmark Model With Capital Wedge~Investment Data and Efficiency Wedge
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Figure 13.2.Benchmark Model With Capital Wedge~Investment Data and Labor Wedge
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Figure 13.3.Benchmark Model With Capital Wedge~Investment Data and Capital Wedge
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Figure 13.4.Benchmark Model With Capital Wedge~Investment Data and Income Accounting Wedge

Figure 13: Benchmark Model With Capital Wedge - Investment
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Figure 14.1.Benchmark Model With Capital Wedge~Hours Data and Efficiency Wedge
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Figure 14.2.Benchmark Model With Capital Wedge~Hours Data and Labor Wedge
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Figure 14.3.Benchmark Model With Capital Wedge~Hours Data and Capital Wedge
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Figure 14.4.Benchmark Model With Capital Wedge~Hours Data and Income Accounting Wedge

Figure 14: Benchmark Model With Capital Wedge - Hours
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Figure 15.1.Benchmark Model With Capital Wedge~Consumption Data and Efficiency Wedge
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Figure 15.2.Benchmark Model With Capital Wedge~Consumption Data and Labor Wedge
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Figure 15.3.Benchmark Model With Capital Wedge~Consumption Data and Capital Wedge
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Figure 15.4.Benchmark Model With Capital Wedge~Consumption Data and Income Accounting Wedge

Figure 15: Benchmark Model With Capital Wedge - Consumption
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D Credit and the Balance of Payments in Chile
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Figure 16.1.Current Account and Trade Balance (in millions of USD)

1997 1997.5 1998 1998.5 1999 1999.5 2000
−5000

0

5000
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Figure 16: Current Account and Sub-accounts
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Figure 17.1.Financial Account and FDI (in millions of USD)
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1997 1997.5 1998 1998.5 1999 1999.5 2000
−5000

0

5000
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Figure 17: Financial Account and Sub-accounts
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Figure 18.Consumer to Comercial Loan Ratio (in billions of Ch. Pesos)

Figure 18: Consumer and Comercial Loans
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Figure 19.Small Open Economy Model~Measured Wedges
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Figure 19: Small Open Economy Model - Measured Wedges
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Figure 20.1.SOE Model~Output Data and Efficiency Wedge

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
0.9

1

1.1
Figure 20.2.SOE Model~Output Data and Labor Wedge
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Figure 20.3.SOE Model~Output Data and Investment Wedge
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Figure 20.4.SOE Model~Output Data and Government Wedge

Figure 20: Small Open Economy Model - Output
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Figure 21.1.SOE Model~Investment Data and Efficiency Wedge
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Figure 21.2.SOE Model~Investment Data and Labor Wedge
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Figure 21.3.SOE Model~Investment Data and Investment Wedge
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Figure 21.4.SOE Model~Investment Data and Government Wedge

Figure 21: Small Open Economy Model - Investment
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Figure 22.1.SOE Model~Hours Data and Efficiency Wedge
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Figure 22.2.SOE Model~Hours Data and Labor Wedge

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
0.9

1

1.1

Figure 22.3.SOE Model~Hours Data and Investment Wedge
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Figure 22.4.SOE Model~Hours Data and Government Wedge

Figure 22: Small Open Economy Model - Hours
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Figure 23.1.SOE Model~Consumption Data and Efficiency Wedge
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Figure 23.2.SOE Model~Consumption Data and Labor Wedge

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
0.55

0.6

0.65

Figure 23.3.SOE Model~Consumption Data and Investment Wedge
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Figure 23.4.SOE Model~Consumption Data and Government Wedge

Figure 23: Small Open Economy Model - Consumption
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Figure 24.1.SOE Model~Foreign Capital Inflow Data and Efficiency Wedge
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Figure 24.2.SOE Model~Foreign Capital Inflow Data and Labor Wedge
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Figure 24.3.SOE Model~Foreign Capital Inflow Data and Investment Wedge
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Figure 24.4.SOE Model~Foreign Capital Inflow Data and Government Wedge

Figure 24: Small Open Economy Model - Foreign Capital Inflow
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