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Chile has exhibited sharp cyclical and trend variation in its GDP and TFP growth
rates during the last half century. This paper presents new estimates of the sources
of Chile’s growth and new measures for factor inputs and TFP during 1960-
2005. Capital series are adjusted by utilization and labor employment series by
hours worked and labor quality measures. Using a Cobb-Douglas function, the
paper presents eight series for TFP based on alternative combinations of input
measures. Three alternative cyclical measures for GDP suggest that the full period
can be divided into three sub-periods of similar length, with similar cyclical
features, and that coincide closely with distinct historical eras: 1960-1973, 1974-
1989, and 1990-2005. Across the latter time spans, a negative relation between
the first and second moments of GDP growth is confirmed, consistent with
international experience. This paper also reports econometric evidence on the
behavior of Chile’s TFP during 1960-2005. TFP dynamics are shaped by cyclical
variables (the terms of trade and real exchange rate undervaluation) and
structural policy variables (macroeconomic stabilization and microeconomic
reform progress), as well as positive interaction effects between macro
performance and micro policies.
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1. INTRODUCTION

Nearly half a century ago, Solow (1957) developed a method for
decomposing economic growth based on the contribution of the primary factors
of production (capital and labor) and the efficiency with which they are used.
This allows decomposing the sources of growth into a “perspiration” component,
corresponding to factor accumulation, and an “inspiration” component,
corresponding to productivity gains. The latter component can lead to sustained
higher GDP growth; hence measuring productivity growth is important.1  At the
same time, good institutions, combined with good policies, should encourage
inspiration in a country and thus lead to sustained growth, a hypothesis that is
explored in this paper.

The Chilean economy has gone through major changes in its growth pattern
and the contribution of growth factors in the last decades, as documented in
earlier studies (for example, Loayza and Soto, 2002). Total sector productivity
TFP growth has observed strong fluctuations, both in trends and along business
cycles. GDP and TFP growth rates were very high in Chile during the “golden
years” of 1986-1997, falling to more moderate rates since 1998 (Gallego and
Loayza, 2002). Are the earlier estimates robust to longer data series and alternative
measures of capital and labor, in comparison to previous studies? What explains
the behavior of TFP in Chile from 1960 to the present?

This paper aims at addressing the two latter questions. First, we present
new estimates of the sources of Chile’s growth and new measures for factor
inputs and TFP (sections 2 and 3). Capital series are adjusted by utilization and
labor employment series by hours worked and labor quality measures. Using a
Cobb-Douglas function, we identify the contribution of factor inputs and obtain
residual TFP series. This work is part of the empirical literature on growth and
TFP measures for Chile.2  However, in this paper we expand on previous research
along two dimensions. We extend the time coverage by using annual data for the
period 1960-2005 and we make use of a larger variety of capital and labor series,
giving rise to eight alternative measures for the residual TFP series.

There is scant research on the determinants of TFP for Chile. Therefore
we analyze the dynamics of TFP in Chile in section 4. We specify and estimate a
parsimonious model for TFP, based on cyclical variables and structural policy
determinants that help in explaining the short-run and trend behavior of the
economy’s aggregate efficiency during the last half century.

1While it is possible to separate the components of growth into factor accumulation and efficiency,
this does not mean that they are unrelated. When TFP increases, the demand for productive factors
tends to rise, leading to higher accumulation.
2Recent empirical studies on Chile’s growth include De Gregorio (1997), Rojas, López, and Jiménez
(1997), Roldós (1997), Coeymans (1999), Bergoeing, Kehoe, Kehoe and Soto (2002), Beyer and
Vergara (2002), Contreras and García (2002), Gallego and Loayza (2002), Solimano and Soto (2003)
and Chumacero and Fuentes (2006).
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The paper closes with the main conclusions drawn in section 5. Appendix 1
presents data definitions and sources and appendix 2 reports the new 1960-2005
data series that are generated and used in this paper.

2. MEASURES OF AGGREGATE CAPITAL, LABOR AND OUTPUT

This section presents different measures of Chile’s stock of capital, labor
input and TFP. These measures include adjustments for utilization and input
quality, using annual data covering the 1960-2005 period.

Our basic measure of aggregate capital is the stock of physical capital,
the sum of investment in machinery and equipment and in buildings and
construction. This primary measure does neither reflect changes in capital
utilization rate during the business cycle nor take into account changes in the
quality of capital.

When capital is not adjusted for quality, the variations in capital quality
are residually attributed to changes in TFP. To avoid this problem, several authors
use the capital quality index proposed by Jorgenson and Griliches (1967), based
on a weighted average of investment in machinery/equipment and buildings/
construction, where the weights are determined by the relative rates of return on
the corresponding investment categories. Greenwood and Jovanovic (2000)
provide an alternative measure of capital quality, based on the evolution of the
relative price of investment to consumption. We have computed both indexes for
the period 1960–2005. We found that capital quality in 2005 is close to the level
in 1960, which suggests serious measurement problems. Considering this result
and the absence of other adequate quality indexes for Chile, we decided not to
adjust capital for quality. Thus all our residual measures for TFP also reflect
changes in capital quality.

Not adjusting for capital utilization can lead to errors in measuring TFP
along the business cycle, as changes in the use of the physical capital stock are
attributed to TFP. If we assume that capital and labor have a relatively similar
rate of utilization, we can take the labor unemployment rate as a relevant proxy
of the capital utilization rate. However, a drawback of this approach is that it
assumes strong complementarity of capital and labor along the cycle.

Costello (1993) proposes an alternative measure of capital input: electricity
consumption. In contrast to using labor utilization, the latter approach has the
advantage of being based on an independent measure, but it does not consider
plausible substitution between electricity and other sources of energy. We use
the information on energy consumption, instead of only electricity, to compute a
new measure of the degree of capital utilization: the deviation of the actual energy
consumption series from its long-term trend, based on a Hodrick-Prescott filter
estimate. By multiplying the gross capital stock by one minus the deviation, we
obtain a new capital series that adjusts for the degree of utilization.
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Figure 1 depicts the evolution of the three alternative capital series for
the 1960-2005 period: gross capital, capital adjusted for employment rate and
capital adjusted for energy consumption rate. The three measures of capital
follow a similar pattern, although the capital series adjusted for utilization using
energy consumption is more volatile than the other two series. The definitions
and sources of the variables –for capital and all other series used in this paper–
are summarized in Appendix 1. Appendix 2 reports the new data series spanning
1960-2005.

FIGURE 1
CAPITAL, CAPITAL ADJUSTED FOR UTILIZATION BASED

ON EMPLOYMENT RATE AND CAPITAL ADJUSTED FOR UTILIZATION
BASED ON ENERGY CONSUMPTION RATE IN CHILE, 1960-2005

(logarithmic scale)

Source: Appendixes 1 and 2.
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The high correlation between the three series over the 46 years of our
sample –which combines the cyclical and trend correlation– is reflected in Panel
A of Table 1. The correlations for variables in levels are very high, ranging from
0.995 to 0.997. The correlations in Panel B (growth rates of variables) are
considerably lower, reflecting the strong trend component of all three series.
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Our basic labor employment measure is the number of workers employed
in the economy. Our first adjustment to this measure is to correct for the average
number of hours worked per week. We then adjust employment for labor quality,
using two different methods. The first is based on average years of workforce
schooling. The second draws on an index of work quality developed by Jorgenson
and Griliches (1967), based on relative wages to weigh labor quality according
to labor productivity associated to the acquisition of human capital. The latter
index has an advantage over the adjustment based on years of schooling because
it reflects labor productivity validated by labor markets.

Figure 2 shows the series for employment, hours worked, years of
schooling, and wage-based labor quality during 1960-2005. With the exception
of hours worked, all series present a positive trend and similar cyclical behavior.

Table 2 reports the correlations between our four employment series
studied: employment, employment adjusted for hours worked, employment
adjusted for hours worked and years of schooling, and employment adjusted for
hours worked and labor quality. Panel A reflects high correlations between the
four employment series, for variables in levels (all above 0.99). In Panel B, for
variables in growth rates, the correlations among the four variables continue to
be high (ranging from 0.71 to 0.91).

TABLE 1
COEFFICIENTS OF CORRELATION BETWEEN THREE MEASURES

OF CAPITAL, FOR VARIABLES IN LEVELS (PANEL A)
AND GROWTH RATES (PANEL B)

(A)  Variables in levels

Capital adjusted for Capital adjusted for
employment rate energy consumption rate

Capital 0.997 0.995
Capital adjusted for employment rate 0.995

(B)  Variables in growth rates

Capital adjusted for Capital adjusted for
employment rate energy consumption rate

Capital 0.504 0.196
Capital adjusted for employment rate 0.552
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FIGURE 2
EMPLOYMENT, HOURS WORKED, YEARS OF SCHOOLING,

AND WAGE-BASED QUALITY IN CHILE, 1960-2005

Source: Appendixes 1 and 2.
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TABLE 2
COEFFICIENTS OF CORRELATION BETWEEN FOUR MEASURES

OF EMPLOYMENT, FOR VARIABLES IN LEVELS (PANEL A)
AND IN GROWTH RATES (PANEL B)

(A) Variables in levels

Employment Employment Employment
adjusted adjusted for adjusted for
for hours hours and hours and

schooling  wages

Employment 0.995 0.997 0.994
Employment adjusted for hours 0.995 0.997
Employment adjusted for hours
and schooling 0.996

(B) Variables in growth rates

Employment Employment Employment
adjusted adjusted for adjusted for
for hours hours and hours and

schooling  wages

Employment 0.847 0.741 0.711
Employment adjusted for hours 0.837 0.844
Employment adjusted for hours
and schooling 0.906
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Chile’s GDP grew by an annual average rate of 3.89% during 1960-2005.
This long-term growth pattern exhibits strong cyclical and trend variations (see
Panel A, Figure 3).

FIGURE 3

(A) ACTUAL GDP, HODRICK-PRESCOTT TREND GDP, AND BAXTER-KING
TREND GDP IN CHILE, 1960-2005 (LOGARITHMIC SCALE)

Source: Appendixes 1 and 2.

(B) CYCLICAL MEASURES BASED ON EMPLOYMENT AND TREND
GDP IN CHILE 1960-2005 (IN PERCENTAGE)
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In order to identify trend growth in relevant sub-periods, we proceed to
isolate the business cycles effect applying three standard methods. First, we use
the employment series, with business cycle measured by the percentage difference
between the corresponding year’s actual employment rate and the average
employment rate in the full 1960-2005 period (9.04%). For the second and third
method we apply the Hodrick-Prescott (HK) and Baxter-King (BK) filters to the
GDP series to derive the percentage difference between actual and trend GDP in
levels. The filtered GDP series are depicted in Panel A of Figure 3, while Panel B
shows the cyclical measure based on employment and the two cycle measures of
the applied GDP filters.

The correlations between the cyclical measure based on employment and
the two cyclical measures based on the trend GDP are presented in Table 3. The
correlations between the employment cycle measure based on employment and
both cyclical measures based on GDP trends are close to 0.6, while the correlation
between the two cyclical measures based on output is considerably higher, at
0.9, as expected.

TABLE 3
COEFFICIENTS OF CORRELATION BETWEEN THREE CYCLICAL

MEASURES BASED ON EMPLOYMENT AND TREND GDP

HP-based cycle BK-based cycle

Employment-based cycle 0.600 0.575
HP-based cycle 0.906

The three cyclical measures (Figure 3, Panel B) suggest that the full 46-
year period can be divided into three sub-periods of similar length and with similar
cyclical features, separated by those years when both employment and GDP levels
were close to their trend levels: 1973 and 1989.3  The resulting three periods
–1960-1973, 1974-1989 and 1990-2005– are of similar length and roughly
coincide with distinct historical eras that differ strongly in terms of international,
economic, and political conditions. In this sense, the “golden years” (1986-1997)
are not a useful reference period, because they start in a bust year and end in a
boom year, thus reflecting a strong cyclical recovery.

Table 4 reports Chile’s average GDP growth rates and their standard
deviations for the sub-periods that we have identified as relevant, cyclically-

3The selected sub-periods are those in which the cyclical measures are on average close to zero.
However, these same periods might not appear to be the most adequate if we take the measures
individually. For example, for the 1960-73 period, the cyclical measure based on the HP filter starts
below zero, hence our 1960-1973 growth measure includes a slight cyclical recovery component.
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adjusted growth periods. The data reflects the following stylized facts. First, the
sub-period with the lowest average growth rate (1974-1989) also exhibits the
highest volatility. Second, the opposite can be said about the 1990-2005 period.
These results confirm the international finding that first and second growth
moments are negatively correlated (Ramey and Ramey, 1995). Finally, dividing
the third sub-period (1990-2005) in two highlights the significant drop in the
growth rate in 1998-2005 relative to 1990-1997, although volatility also slightly
decreased.

3. FACTOR CONTRIBUTION TO GROWTH

We now apply the traditional Solow method for decomposing growth into
the contributions from factors of production and residual TFP. The decomposition
of GDP growth and the measurement of total factor productivity is based on a
standard Cobb-Douglas production function, which defines the level of output
(Y) as a function of total factor productivity (A) and the factors, capital (K) and
labor (L):

(1) Y A K Lt t t t= −α α1 ,

where a represents the share of capital in output. Extending factor measurement
to include changes in factor utilization rate and in quality, we obtain a new version
of equation (1):

(2) Y A K L H Qt t t t t t= ( ) −� � α α1
,

where �At  represents adjusted TFP, �Kt  capital adjusted for utilization, Ht hours
worked, and Qt labor quality. The equations for residual calculation of the growth
rate of unadjusted and adjusted TFP are then derived as follows:

(3) A Y K Lt t t t
� � � �= − − −( )α α1 , and

(4) �� � �� �A Y K L H Qt t t t t t= − − −( )α α1

TABLE 4
AVERAGE AND STANDARD DEVIATION OF GDP GROWTH IN CHILE,

RELEVANT SUB-PERIODS

1960-2005 1960-1973 1974-1989 1990-2005 1990-1997 1998-2005

Average GDP growth rate 3.89% 3.12% 2.88% 5.30% 7.14% 3.08%
Standard deviation 5.35% 4.23% 7.25% 3.45% 2.71% 1.82%
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where the hat represents percent changes. The only parameter required to apply
the above method is capital share α. Using national account data from the Central
Bank of Chile, we obtain an average share of capital in national income for the
1960-2005 period of 50%. This measure is biased upward, however, because it
includes the income share of independent workers. Information from the
Universidad of Chile Survey indicates that around 20% of workers in Chile are
independent workers. Subtracting independent-workers’ income from the national
account figure yields a final capital share of 40%. This figure is consistent with
international evidence and with previous estimates for Chile obtained from
production function estimations (e.g. Roldós, 1997). We carried out a sensitivity
analysis using different values of this parameter, and the results were qualitatively
similar to those reported below.

Table 5 presents eight selected results for the decomposition of Chilean
growth in 1960-2005, based on alternative measures of the contributions of capital
and labor.4

TABLE 5
SOURCES OF GDP GROWTH IN CHILE, 1960-2005

GDP Contribution Contribution Contribution
growth of capital growth of labor growth of TFP growth

A. Unadjusted capital, various employment measures

1. Capital and employment 3.89% 1.48% 1.19% 1.22%

2. Capital and employment adjusted for hours 3.89% 1.48% 1.04% 1.37%

3. Capital and employment adjusted for wages 3.89% 1.48% 1.69% 0.72%

4. Capital and employment adjusted for hours
and wages 3.89% 1.48% 1.54% 0.87%

B. Capital adjusted for utilization, various employment measures

5. Capital adjusted for energy consumption
rate and employment 3.89% 1.51% 1.19% 1.19%

6. Capital adjusted for energy consumption
rate and employment adjusted for hours 3.89% 1.51% 1.04% 1.34%

7. Capital adjusted for energy consumption
rate and employment adjusted for wages 3.89% 1.51% 1.69% 0.69%

8. Capital adjusted for energy consumption
rate and employment adjusted for hours
and wages 3.89% 1.51% 1.54% 0.84%

4For reasons of space, we refrain from reporting all the possible combinations of alternative measures
of capital and labor. We include only those that we consider the most representative. For instance,
we do not show results obtained using capital adjusted for the utilization rate proxied by the
employment rate, because the latter assumes strong complementarity of capital and labor during the
cycle. Similarly, we do not report the results based on employment adjusted for years of schooling,
because we consider more appropriate the quality index based on wages.
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The average annual contribution of (unadjusted) physical capital to Chilean
growth in 1960-2005 was 1.48% (that is, the 40% capital share times the 3.7%
average growth rate of capital), as reflected in measures 1-4 in Table 5. When we
use the alternative measure that corrects for the rate of capital utilization (using
the energy consumption rate as a proxy for utilization), the estimated contribution
of capital to growth increases slightly to 1.51%, as reflected in measures 5-8 of
Table 5.

The average annual contribution of unadjusted labor to growth was 1.19%
(the 60% share times the average 1.98% growth rate of employment), as reflected
in measures 1 and 5. When adjusted for hours worked, the contribution of
employment declines to 1.04%, due to the reduction in weekly work hours from
50.4 in 1960 to 45.3 hours in 2005. When adjusted for labor quality, the
contribution of employment to growth increases approximately by 0.5 percentage
points, which reflects the 0.82% average growth in labor quality between 1960
and 2005.

The contribution of the different measures of capital and employment to
growth in Chile are reflected with opposite sign into the residual estimations of
TFP growth. For the conventional measures of unadjusted capital and labor
contributions (measure 1), average annual TFP growth attained 1.22%; this
estimate declines marginally, to 1.19%, when we correct for capital utilization
(measure 5). When we adjust for labor quality, annual TFP growth falls to 0.72%
(measure 3) or 0.69% (measure 7). By excluding labor quality improvements,
the two latter measures of TFP growth reflect only changes in the quality of
capital and other gains in production efficiency that are not captured by increases
in relative wages of better educated labor. Consequently, these measures of TFP
growth rates are not comparable to the previous measures, without adjustment
for labor quality. Measures 4 and 8 show an average annual TFP growth of 0.87%
and 0.84% respectively. These figures are higher than the ones for measures 3
and 7 due to the reduction in weekly work hours between 1960 and 2005.

We conclude that most of average growth in Chile, in the 1960-2005 period,
reflected the accumulation of productive factors, while “inspiration” or efficiency
gains have only played a secondary role. Without adjustment for labor quality,
TFP growth contributed 1.2% of the 3.9% GDP growth, representing a relative
contribution of 31% to Chile’s growth. This share falls to a range of 17-19%
when adjusting for labor quality, the contribution of overall efficiency gains shrinks
to 0.85% representing only 18% of aggregate growth. Chile’s growth experience
confirms that moderate GDP growth is strongly associated to moderate efficiency
gains. This is in line with international evidence that shows that high aggregate
growth is normally associated to high TFP growth.

Figure 4 depicts our eight annual TFP measures confirming two clusters
of TFP series, those derived from employment without labor quality adjustments
(measures 1, 2, 5 and 6) and those based on quality-adjusted labor (measures 3,
4, 7 and 8). The figure also suggests the high correlation among the eight measures
of TFP. Finally, the TFP series exhibit strong pro-cyclical behavior.
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For the following analysis, we focus on three estimates of TFP. The first
estimate is measure 1, based on unadjusted capital and labor. The strength lies in
being the conventional TFP measure derived in most previous empirical work.
While this measure is the least preferred by us, it serves as a point of reference.

We select the next two TFP estimates (measures 4 and 8) to reflect
employment adjusted by hours and labor quality (measure 4) and, in addition,
capital adjusted by utilization (measure 8).

Table 6 reports the sources of growth for our three selected factor measures
and TFP estimates, separately for each our three cyclically-defined sub-periods.
Figure 5 depicts the corresponding decompositions.

The reported evidence points toward significant differences between the
sub-periods under study. The 1960-1973 period is characterized by modest GDP
and TFP growth. Capital accumulation made the most important relative
contribution to Chilean growth, while labor growth contributes less than capital.
This changes radically in the following period, 1974-1989, when GDP growth is
even more modest. Now labor growth represents the dominant contribution. When
adjusting for labor quality, labor explains all GDP growth during this period.
TFP growth collapses to attain only slightly positive or larger negative rates,
depending on its measure. A dramatic turnaround of growth and its contributing

FIGURE 4
ALTERNATIVE MEASURES OF TFP IN CHILE,

1960-2005 (INDEX: 1960 = 100)
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TABLE 6
SOURCES OF GDP GROWTH IN CHILE, VARIOUS SUB-PERIODS

GDP Contribution Contribution Contribution
Growth of capital growth of labor growth of TFP growth

Measure 1: capital and employment
1960-1973 3.12% 1.42% 0.97% 0.73%
1974-1989 2.88% 0.86% 1.68% 0.34%
1990-2005 5.30% 1.99% 0.95% 2.37%
      1990-1997 7.14% 1.98% 1.30% 3.86%
      1998-2005 3.08% 1.66% 0.46% 0.96%

Measure 4: capital and employment adjusted for hours and wages
1960-1973 3.12% 1.42% 1.38% 0.32%
1974-1989 2.88% 0.86% 2.91% –0.89%
1990-2005 5.30% 1.99% 0.42% 2.89%
      1990-1997 7.14% 1.98% 1.14% 4.02%
      1998-2005 3.08% 1.66% –0.45% 1.87%

Measure 8: capital adjusted for energy consumption rate and employment adjusted
for hours and wages
1960-1973 3.12% 1.56% 1.38% 0.18%
1974-1989 2.88% 0.93% 2.91% –0.97%
1990-2005 5.30% 1.82% 0.42% 3.06%
      1990-1997 7.14% 1.61% 1.14% 4.40%
      1998-2005 3.08% 1.64% –0.45% 1.89%

FIGURE 5
SOURCES OF GDP GROWTH IN CHILE, VARIOUS SUB-PERIODS

(A) Measure 1: Capital and labor, full sample periods and sub-periods
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(B) Measure 4: Capital and labor adjusted for hours and wages,
full sample periods and sub-periods

(C) Measure 8: Capital adjusted for utilization (energy consumption)
and labor adjusted for hours and wages, full sample periods and sub-periods

(D) Three measures, sub-periods 1990-1997 and 1998-2005
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factors is observed in the third period, 1990-2005. The contribution of capital to
this period’s high growth is very substantial, dwarfing capital’s contribution during
the preceding decades. In contrast, employment contributed little to growth,
particularly when considering employment adjusted by hours and wages. The
contribution of TFP is particularly impressive after 1989, when TFP growth attains
levels that are unprecedented in recent economic history, varying from 2.4% to
3.1%.

Now let’s focus more closely on the high-growth sub-period 1990-2005
and its two halves: the 1990-1997 years of very high growth that coincide with a
long phase of cyclical expansion and the subsequent 1998-2005 years of more
moderate and volatile growth (see Figure 5D). The decline in average GDP growth
from 7.14% in 1990–1997 to 3.08% in 1998-2005 was accompanied by an
insignificant decline in the contribution of capital and a massive fall in the
contribution of labor. We also observe a very significant drop in the contribution
of TFP growth, from a range of 3.9% to 4.4% in 1990-1997 to a much lower
range of 1.0% to 1.9% in 1998-2005.

However, the latter 1998-2005 period hides very distinct shorter time spans
of common GDP and TFP performance: a sharp cyclical contraction in 1998-
1999, a slow cyclical recovery in 2000-2003, and a strong recovery toward full
employment in 2004-2005 (see Figure 3). TFP growth is particularly strong during
the two last sample years (see the data on TFP in Appendix 2), a performance
that is largely a result of favorable cyclical conditions, identified in the following
section.

4. DETERMINANTS OF TOTAL FACTOR PRODUCTIVITY

The large swings in Chile’s TFP growth, documented in the preceding
sections, lead us now to undertake a more systematic search for it causes. Good
or bad policies that introduce or eliminate distortions probably contribute to the
economy’s aggregate efficiency, thereby affecting aggregate output.5  Therefore,
we expect that variables that represent the quality of economic policies (like
macroeconomic stability and structural reform progress) and/or institutions
(reflected in indicators such as civil liberties) that affect the agents’ behavior
should be considered among the structural determinants of the economy’s
aggregate efficiency. Furthermore, policy complementarities could be key to
understanding why certain structural reforms or stabilization programs have
positively affected TFP growth while others have not.

The above mentioned fact that TFP exhibits pro-cyclical patterns justifies
the inclusion of variables related to the economic cycle. For example, an adverse
macroeconomic shock can lead to a transitory reduction in output, beyond its

5Harberger (1998) considers TFP variations as cost reductions –that is, as efficiency gains or
technological changes.
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effect on the use of productive factors. The country’s terms of trade and real
exchange-rate undervaluation are variables that affect the Chilean economic cycle,
and therefore we use them as controls in our empirical analysis of TFP.6

Our regression analysis is performed for two TFP estimates described in
the previous section: measure 4 (with capital and labor adjusted for hours worked
and wage-based labor quality), and measure 8 (with capital adjusted for utilization
based on the energy consumption rate, and labor adjusted for hours worked and
wage-based labor quality). We do not use measure 1 as we know beforehand that
it is an imperfect measure of TFP.

The specification for the TFP level includes as determinants –in addition
to cyclical variables as the terms of trade and the degree of exchange rate
undervaluation (both with an expected positive sign)– an indicator of the overall
status of structural reforms (with an expected positive sign), an indicator of
macroeconomic instability, measured as the inflation rate divided by one plus
the inflation rate7 (with an expected negative sign), and an indicator of civil
liberties (with an expected positive sign). Appendix 1 describes data sources and
variables measurement. Other variables not included could also be important
determinants of productivity. An example is technological innovation. However,
we do not have time series for this variable in Chile as well as data for other
potential TFP determinants, which limits severally our empirical results.

We also control for the potential interaction between macroeconomic
instability and structural reform progress. This interaction variable captures the
idea of policy complementary (Gallego and Loayza, 2002), applied here to a
potential interaction between macroeconomic and structural policies. Hence, we
expect structural reforms to have a stronger effect on aggregate economic efficiency
under conditions of greater macroeconomic stability. Paripassu, government efforts
to stabilize the macroeconomy should have larger effects when the economy
suffers from fewer distortions as a result of better structural policies.

Figure 6 depicts the evolution of the six potential determinants of TFP
during 1960-2005. The figure reflects the structural reduction in the country’s
terms of trade that took place in 1975 and its large volatility before and after
1975. Huge real exchange misalignments were observed during the 1970s and
early 1980s; comparatively the RER exhibits lower deviations from fundamentals
since the late 1980s.8 Civil liberties deteriorated massively during 1973-1986,

6The simple correlations between the terms of trade and the two measures of the cyclical component
of GDP reported above, based on the Hodrick-Prescott and Baxter-King filters, are close to 0.5 in the
1960-2005 period. Similarly, the correlations between the real exchange rate undervaluation and the
two measures of business cycles are close to –0.5. One might argue that the exchange rate undervaluation
is an endogenous variable given that it responds to the evolution of productivity; however, lagged
values of such variable where always significant in explaining TFP in our subsequent analysis.
7Using volatility of inflation instead of its mean does not make much difference, since mean and volatility
are highly correlated (the coefficient of correlation between both series is 0.9). Moreover, the growth
literature usually uses the mean of inflation as regressor in growth equations (e.g. Fischer 1993).
8RER undervaluation is an index constructed as the ratio of observed RER to the equilibrium RER
times 100. The variable used is the log of this index, which fluctuates around the ln (100), which is
the value of the index when the RER is equal to its equilibrium level.
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FIGURE 6
EXPLANATORY VARIABLES FOR TFP IN CHILE, 1960-2005
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improved significantly in the late 1980s. Since 2002 the levels observed are the
same as the 1960 levels. Macroeconomic instability deteriorated in the 1970s
and recovered gradually since 1978, with the subsequent reduction in inflation,
reaching low and stationary levels since 2001. Structural reforms deteriorated in
the early 1970s, but they recovered aggressively until 1980 and more gradually
during the two subsequent decades.

We proceed to estimate the following regression:

(5) ln ( ) ln ( )TFP L TFP L X
t t t t( ) = ( ) + +Ω Θ ε

where L is the lag operator, Ω(L) and Θ(L) are lag polynomials, and X is the
vector of explanatory variables presented in figure 6. The estimation strategy
of equation (5) follows the general-to-particular approach (Hendry, 1995). Since
the dynamic structure in the relation between TFP and the explanatory variables
is unknown, we estimate an equation using contemporary and lagged values of
the independent variables and lagged values of the dependent variable (the
logarithm of the TFP index, ln(TFP)). We then proceed to simplify the equation
until finding a parsimonious representation of the relationship that does not
lose information compared to the general model. The final model is contrasted
against the more general model that includes all lagged variables using a
likelihood ratio test. In all cases the null hypothesis that the more parsimonious
model is valid cannot be rejected at conventional significance levels. The
estimation results are reported in Table 7.

TFP exhibits significant inertia, as reflected by the significant and large
coefficients of its own lags. However, an F-test strongly rejects the null hypothesis
that all parameter values, except those of lagged dependent variables, are equal
to zero. The effect of the business cycle on TFP captured by the terms of trade
and the real exchange rate undervaluation shows in both cases the expected
positive sign and is economically important. However, while terms of trade have
a contemporaneous effect on TFP, the RER undervaluation acts with a lag.

An index of civil liberties is the first institution-related variable included
in the regression. This variable shows some short-term impact that with measure
4 (column 1) is positive and with measure 8 (column 2) is negative. However in
both cases the long-term effect is equal to zero. Microeconomic policies have a
large contemporaneous impact on TFP, which is reduced somewhat by the counter
effects of the lags of microeconomic policies. We also find evidence of a significant
interactive effect between structural policies and macroeconomic instability: better
microeconomic policies have a much higher impact on TFP under conditions of
macroeconomic stability (low inflation). There is no evidence that macroeconomic
instability has direct effects on TFP in the estimation of model with measure 4,
once we take into account the interaction with microeconomic policies, but there
is such evidence in the model with measure 8.

In Table 8 we report estimates of the long-term effect of structural reforms
and macroeconomic stabilization, based on regression coefficients and structural
policy and macroeconomic instability conditions observed in the three historical
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TABLE 7
ESTIMATION OF THE DETERMINANTS OF TFP IN CHILE

(ORDINARY LEAST SQUARES, 1960–2005)

Dependent variable is the log (1) (2)
(TFP) measured using: Measure 4: Capital and labor Measure 8: Capital adjusted

adjusted for hours and for utilization based in energy
wage-based labor quality  consumption rate and labor

adjusted for hours and
wage-based labor quality

Constant –1.018** –0.399
(0.45) (0.35)

Cyclical variables
Terms of trade 0.114*** 0.129***

(0.04) (0.04)
Terms of trade (t-1) 0.100***

(0.04)
Terms of trade (t-2) 0.054*

(0.03)
Real exchange rate undervaluation (t-1) 0.103* 0.131**

(0.05) (0.05)

Policies and Institutions
Civil liberties index 0.030** –0.045*

(0.02) (0.02)
Civil liberties index (t-1) –0.105*** –0.087***

(0.03) (0.02)
Civil liberties index (t-2) 0.110*** 0.138***

(0.02) (0.02)
Structural reforms (t-1) 0.544***

(0.14)
Structural reforms (t-2) –0.237** –0.224*

(0.12) (0.13)
Macroeconomic instability (t-1) –0.131**

(0.05)
Macroeconomic instability (t-2) 0.189***

(0.06)
Structural reforms x Macroeconomic instability –0.797*** –0.643**

(0.20) (0.30)
Structural reforms (t-2) x Macroeconomic instability (t-2) 0.726***

(0.11)

Initial Conditions
TFP (t-1) 0.559*** 0.876***

(0.09) (0.15)
TFP (t-2) –0.522***

(0.14)
TFP (t-3) 0.287*** 0.386***

(0.09) (0.09)

Adjusted R squared 0.960 0.960
Standard error of the regression 0.025 0.024

Note: standard errors of estimated parameters are reported in parenthesis. Model residuals pass all standard
specification tests, namely, the Q test at the residual level, the squared residuals, and the normality test.
The estimated equation also passes the CUSUM and CUSUM squared tests, proving stability. The F-test
strongly rejects the null hypothesis that all parameters except those of the lagged dependent lagged variable
are equal to zero.
*, **, *** statistically significant at 10%, 5% and 1% level.
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sub-periods (1960-1974, 1975-1989, and 1990-2005). The reported effects
represent the overall marginal effects of structural reforms (SR) and
macroeconomic instability (MI), which are defined as:

∂
∂

= + >

∂
∂

= +

ln

ln
ln

ln

ln
ln

TFP

SR
MI

TFP

MI
S

β β

α α

0 1

0 1

0

RR < 0

where  β0 is the coefficient of the SR in the equation of TFP and β1 is the interaction
coefficient, α0 is the coefficient of macroeconomic instability, and α1 corresponds
to the interaction coefficient.

The two sets of results (in columns 1 and 2) illustrate the complementarity
of structural reforms and macroeconomic stabilization. For example, the 1960–
1974 period featured high inflation, as reflected in a macroeconomic instability
figure of 0.34, while the combined long-term coefficient of structural reforms is
only 1.7 (measure 4). On the other hand, under the low inflation conditions
observed in the sub-period 1990-2005, reflected in a macroeconomic instability
coefficient of 0.076, the combined long-term coefficient of structural policies
reaches 1.81. Thus, an increase in the structural reforms index of 5 percentage
points (which is equivalent to the increase in the index between 1990 and 1994)
contributes to a long-term increase of the TFP level of almost 8.4% in 1960-
1974, 8.6% in 1975-1989, and 9.0% in 1990-2005, according to measure 4

TABLE 8
OVERALL MARGINAL EFFECTS OF STRUCTURAL REFORMS

AND MACROECONOMIC INSTABILITY ON TFP

Effect of structural reforms
Macroeconomic instability measures TFP measure 4 TFP measure 8

Average 1960-1974 = 0.34 1.68 (0.9)* 0.90 (0.5)
Average 1975-1989 = 0.28 1.71 (0.9)* 0.54 (0.4)
Average 1990-2005 = 0.08 1.81 (0.8)** 1.05 (0.4)**

Effect of macroeconomic instability
Structural reforms measures TFP measure 4 TFP measure 8

Average 1960-1974 = 0.08 -0.04 (0.1) 0.02 (0.1)
Average 1975-1989 = 0.48 -0.22 (0.5) -1.00 (0. 4)***

Average 1990-2005 = 0.64 -0.30 (0.7) -1.36 (0.5)***

Note: Standard deviations are reported in parenthesis.
*, **, *** statistically significant at 10%, 5% and 1%.

(6)
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estimates. Under measure 8, the results for each period are smaller but the
differences among periods are larger. An increase in the structural reform index
of 5 percentage point will induce a long-term increase in TFP of 1.9%, 2.7% and
5.3% for each one of the periods, respectively. Therefore, structural reforms had
a substantially smaller effect (which could even be zero) in the case of very high
macroeconomic instability (1960-1974). Although the results of both columns
differ because the dependent variable is measured differently, they demonstrate
that the two explanatory variables are complementary.

Analogous results are reported in Table 8 to quantify the effects of the
reduction in macroeconomic instability, conditional on different levels of structural
reform progress. Macroeconomic instability has its biggest impact in the most
recent period, when the structural reform progress index is highest (1990-2005):
the long-term coefficient is –0.30 (measure 4), which is much larger than the
impact of stabilization under conditions of larger microeconomic distortions in
1960-1974. Reducing the macroeconomic instability index by 10 percentage
points raises the long-term TFP level by 0.4% in 1960-1974, 2.2% in 1975-1989,
and 3% in 1990-2005 (measure 4). The long-run effect of macro-instability
changes when measure 8 is used. For the first period, for example, the effect on
TFP would be zero. With reforms at the average level for 1975-1989, the effect
of macroeconomic instability is one-to-one with inflation-reduction efforts. In
this case, when structural reforms are more advanced, we observe an important
effect of macroeconomic stabilization. We observe again complementarity among
structural reforms and macroeconomic stability.

Table 9 reports the long-term parameter estimates associated with the other
three independent variables: terms of trade, civil liberties and RER undervaluation.
Two variables show a positive, statistically significant effect under both different
specifications. However, the civil liberties index is not statistically significant.

TABLE 9
LONG-TERM EFFECT OF INDEPENDENT VARIABLES

Long-term parameters TFP measure 4 TFP measure 8

Terms of trade 1.39 (0.7)** 0.70 (0.3)***

Civil liberties 0.22 (0.2) 0.03 (0.1)
RER undervaluation 0.67 (0.4)* 0.50 (0.2)**

Note: Standard deviations are reported in parenthesis.
*, **, *** statisticallly at 10%, 5% and 1%.

How does our model address the question of what explains the evolution
of TFP? The following discussion presents an exercise in which we look at how
much of the variation in TFP is explained by different right-hand-side variables.
We analyze the full period (1963-2005) and the latest fourteen-year sub-period
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(1993-2005). The policy interaction effect was taken separately and was not added
to either structural reforms nor macroeconomic stability.

For the full sample period we used the steady-state version of the model
results reported in Table 7, combining contemporaneous and lagged coefficients
of the dependent and independent variables. Then we use the latter model,
combining long-term coefficient estimates and actual average changes in
independent variables between the sub-periods 1962-1965 and 2002-2005, to
predict the change in the steady state value of TFP.

Table 10 reports the results of the latter exercise for both TFP measures.
The model based on measure 4 does a fairly good job predicting long-term TFP
growth, with actual and predicted average TFP growth equal to 0.75%, while
model with measure 8 over predicts the value of TFP for that period. The greater
contribution of TFP in both models corresponds to structural reforms. The Table
also shows that the reduction in the long-term level of the terms of trade has been
the most important cause of reduced TFP growth.

TABLE 10
EXPLAINING TFP GROWTH BETWEEN 1962-1965 AND 2002-2005

(1) (2)
TFP measure 4 TFP measure 8

Average annual TFP growth
Actual 0.75% 0.46%
Predicted 0.75% 0.70%

Contribution of cyclical variables
Terms-of-trade loss or gain –1.89% –0.95%
Real exchange rate devaluation or appreciation 0.10% 0.08%

Contribution of better policies and institutions
Improvement in macroeconomic instability 0.00% –0.10%
Improvement in structural reforms 2.54% 1.66%
Improvement in civil liberties 0.00% 0.00%
Improvement in policy complementarity 0.00% 0.03%

To analyze TFP growth in the 1990-2005 period, we used the short-term
version of the model results reported in Table 7, based on individual coefficients
for the contemporaneous and lagged coefficients of the dependent and independent
variables. We use the latter model’s coefficients and combine them with the actual
changes in independent variables between 1989 and 2005. Results are reported
in Table 11. Now the lags of the dependent variable play a very important role,
reflected in figures of the last row of the table. The model again predicts TFP
growth fairly well, with initial conditions providing the most important
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contribution. The cyclical variables, terms of trade shocks and exchange rate
undervaluation, have marginal effect on TFP. On the other hand, structural reforms
and civil liberties have a positive effect. Finally, macroeconomic instability had
a negative direct effect on TFP, but taking into account the interaction term policy
the final effect becomes positive.

5. CONCLUSIONS

Chile has exhibited sharp cyclical and trend variation in its GDP and TFP
growth rates during the last 45 years. This paper contributes to Chile’s empirical
growth literature in two dimensions. First, we provide new estimates of the sources
of Chilean growth and new measures for factor inputs and TFP during 1960-
2005. Second, we focus on the behavior of TFP, providing evidence that TFP
dynamics are shaped by both cyclical variables and structural policies during the
last half-century in Chile.

The paper reports alternative capital series: with and without adjustment
for capital utilization. While for long-term capital growth it matters little if capital
is adjusted for utilization, the differences between adjusted and unadjusted capital
is significant over the business cycle. Among our two alternative utilization choices
–labor employment rate and energy consumption rate– our preferred choice is
the latter because it does not assume high complementarity between capital

TABLE 11
EXPLAINING TFP GROWTH: 1990-2005

(1) (2)
TFP measure 4 TFP measure 8

Average annual TFP growth
Actual 2.62% 2.80%
Predicted 2.19% 2.27%

Contribution of cyclical variables
Terms-of-trade loss or gain –0.18% –0.08%
Real exchange rate devaluation or appreciation –0.01% –0.02%

Contribution of better policies and institutions
Improvement in macroeconomic instability 0.00% -0.11%
Improvement in structural reforms 0.15% 0.17%
Improvement in civil liberties 0.28% 0.27%
Improvement in policy complementarity 0.01% 0.33%

Initial conditions 1.94% 1.72%
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services and labor. Regarding labor, we also present time series with and without
adjustment –in this case adjustments of labor employment are for hours worked
and for labor quality (schooling or wage-based quality adjustment; our preferred
choice is the latter).

We use three alternative cyclical measures for GDP, based on employment-
rate deviations from their sample average, and actual GDP deviations from GDP
trend estimates based on the Hodrick-Prescott and Baxter-King filters. These
measures suggest that the full 46-year period can be divided into three sub-periods
of similar length and with similar cyclical features, separated by those years
when both employment and GDP levels were close to their trend levels: 1973
and 1989. The resulting three periods –1960-1973, 1974-1989 and 1990-2005–
are of similar length and roughly coincide with distinct historical eras that differ
strongly in terms of international, economic, and political conditions. During
1974-1989 (1990-2005) average growth is the lowest (highest), while growth
volatility is the highest (lowest). This negative relation between the first and
second moment of GDP growth is consistent with international experience.

Using a standard Cobb-Douglas production function, based on alternative
combinations of capital and labor measures –with and without adjustment for
capital utilization, hours worked, and labor quality– we obtain eight alternative
measures of the contribution of productive factors and residual TFP to Chilean
growth. The contribution of factor accumulation and efficiency gains to growth
differs markedly across the three periods that were identified above.

Whereas the contribution of capital is dominant during the 1961-1973
period of modest growth, labor contributes the most and efficiency gains the
least to growth during the slow-growth period spanned from 1974 to 1989. In
contrast to the three preceding decades, all three growth determinants contribute
more during the high-growth period of 1990-2005. However, the large role of
TFP growth stands out in this period, contributing aggregate growth by an amount
that is unprecedented in Chile’s recent economic history.

The high-growth period can be divided into two distinct sub-periods: a
period of high GDP and TFP growth in 1990-1997 and a period of moderate
GDP growth and low TFP growth in 1998-2005. And the latter sub-period hides
very distinct shorter time spans that mark a full business cycle with common
GDP and TFP performance: a sharp cyclical contraction in 1998-1999, a slow
cyclical recovery in 2000-2003, and a strong recovery toward full employment
in 2004-2005.

The evidence on the determinants of TFP reported in this paper suggests
that, in addition to cyclical factors (approximated by the terms of trade and real
exchange rate undervaluation), TFP growth reflects efficiency gains from
macroeconomic stabilization (measured by lower inflation) and microeconomic
reforms (reflected by an index of structural reform progress). We also provide
evidence on significant interaction effects between macroeconomic and
microeconomic factors for the dynamic behavior of TFP. The evidence for Chile
during 1960-2005 suggests that the impact of microeconomic reforms on TFP is
weaker (stronger) under conditions of high (low) macroeconomic instability. The
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reverse is also true: macroeconomic stabilization efforts yield larger gains in
economic efficiency when the quality of microeconomic policies is higher.

Our evidence also points out that a significant factor behind higher TFP
growth in 2004-2005 has been benefiting from exceptionally favorable terms of
trade (i.e., exceptionally high copper prices). This suggests dominance of cyclical
over structural factors in the most recent spurt in TFP performance.

Macroeconomic stability has been largely attained in Chile, and hence it
can be ruled out as a significant future growth factor. Therefore we conclude that
achieving high TFP and GDP trend growth in the future will be conditional on
significant additional efforts in implementing further microeconomic and sector
reforms in support of additional efficiency gains and major improvements in
labor quality.
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APPENDIX 1
DATA DEFINITIONS AND SOURCES

This appendix describes the series used and their respective sources.

Source

Central Bank of Chile.

Indicadores de Empleo, National
Institute of Statistics

Ocupación y desocupación en el
Gran Santiago, University of
Chile.

Ocupación y desocupación en el
Gran Santiago, University of
Chile until 2003. The data was
extended to 2005 with forecasts
based on a AR(1) model.

Roldós (1997) through 1997,
updated to 2005 based on
Ocupación y desocupación en el
Gran Santiago, University of
Chile.

Hoffman (2000) through 1984,
Pérez (2003) through 2001,
updated to 2005 based on
unpublished capital stock series of
the Central Bank of Chile.

Data published by National
Energy Commission (NEC) until
2003. The data was extended to
2005 with information based on
NEC’s forecasts of coal and
natural gas consumption, and data
on hydroelectrical production and
oil imports from the Central Bank
of Chile.

Central Bank of Chile.

Variable

GDP

Employment

Hours worked

Years of schooling

Wage-adjusted labor
quality index

Capital stock

Energy consumption

Macroeconomic
instability index

Definition and construction

Real GDP in millions of 1996
pesos.

Labor force times the
employment rate.

Average weekly hours worked.

Average years of schooling.

Weighted average of employment
with different levels of education,
relative to total labor, where the
weights are relative wages. Index
base: 1970 = 100.

Sum of real capital stock of
machinery/equipment and
buildings/construction, in
millions of 1996 pesos.

Sum of consumption of the five
main energy sources in Chile
(expressed in tetracalories):
hydroelectricity, coal, natural gas,
oil, and wood.

The index of macroeconomic
instability is defined as inflation/
(1+ inflation), where inflation is
measured by the average rate of
change of CPI. The range of the
index is [-1,1]. Higher values
indicate more macroeconomic
instability.
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SourceVariable Definition and construction

Structural reform
index

Civil liberties

Terms of trade

Exchange rate
undervaluation

Aggregate structural reform index
based on sector reform indexes for
progress in the areas of foreign
trade, financial development,
taxation, privatization, and labor
legislation. The index ranges from
0 to 1.

The index measures civil liberties
as the rights to free expression, to
organize or demonstrate, as well
as rights to a degree of autonomy
such as provided by freedom of
religion, education, travel, and
other personal rights. The original
series, which extends from 1 (the
freest) to 7 (the least free) is
converted linearly to a series that
ranges from 0 (the least free) to
100 (the freest).

Index of external relative prices of
exports and imports.

The index of undervaluation is
defined as the logarithm of  (RER/
RER*)x100, where RER is the
actual real exchange and RER*
denotes the equilibrium real
exchange rate. RER (and RER*)
is the effective real exchange rates
defined as the weighted sum of
bilateral real exchange rate rates,
given by the trading partner’s CPI
times the corresponding nominal
exchange rate divided by the
Chilean CPI, for Chile’s main
trading partners. Thus an increase
in the RER reflects a real
depreciation of the domestic
currency.

Lora (1997) through 1997,
updated trough 2001 by K.
Schmidt-Hebbel and M. Tapia,
and updated trough 2005 by the
authors.

Comparative Survey of Freedom
(produced by Freedom House)
from 1973-2005. For 1960–1970,
we assume that the index takes the
value assigned for 1971–1973.

Bennett and Valdés (2001)
through 2001, updated to 2005
with information from the Central
Bank of Chile.

Aguirre and Calderón (2005).
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APPENDIX 2
SERIES OF GDP, PRODUCTIVE FACTORS, AND TFP IN CHILE,

1960-2005

Series Real GDP Capital
Employment 

rate 
Energy 

consumption

Enery 
consumption 

rate 
Employment Hours worked 

Years of 
schooling

Wage-based 
labor quality 

index

Units
Millions of 
1996 pesos

Millions of 
1996 pesos

% Tetracalories %
Thousands of 

persons
Hours per-week Years Index: 1970:100

1960 7560031 29969903 91.53 49950 97.62 2323 50.5 5.0 89.0
1961 7921585 31305185 90.64 52318 95.55 2343 50.1 5.5 95.5
1962 8296960 32701327 90.74 60200 103.22 2387 49.7 5.5 94.3
1963 8821839 34373857 91.14 61776 99.89 2440 48.8 5.4 93.6
1964 9018132 36123473 91.61 65377 100.11 2495 48.7 5.3 93.0
1965 9091026 37666675 92.21 64086 93.32 2554 49.0 5.2 92.4
1966 10104779 38962085 92.52 71741 99.72 2605 49.4 5.3 91.9
1967 10432839 40201995 93.91 76588 102.06 2687 45.7 5.6 95.5
1968 10806354 41599570 93.71 77976 100.08 2717 47.4 5.8 97.0
1969 11208437 43012777 93.11 82235 102.15 2730 48.0 5.8 97.8
1970 11438913 44427380 92.92 79514 96.08 2776 45.3 6.0 100.0
1971 12463292 46028914 94.76 92554 109.34 2868 47.3 6.5 104.1
1972 12312091 47596838 95.44 92735 107.69 2922 47.6 6.7 106.2
1973 11626919 48892125 93.74 89087 102.21 2907 47.1 6.7 104.9
1974 11740218 50285730 91.49 92819 105.63 2796 46.7 6.1 99.9
1975 10181813 51495729 84.73 80482 91.09 2625 47.6 6.5 103.2
1976 10509082 52101295 83.39 85723 96.59 2725 47.9 6.6 106.7
1977 11377821 52614374 86.82 88303 99.07 2884 47.3 7.0 110.6
1978 12259786 53331339 86.45 91478 102.17 3013 47.8 7.2 111.3
1979 13133789 54305103 86.82 97885 108.76 3070 48.3 7.3 112.8
1980 14149128 55703028 88.58 99008 109.30 3225 48.6 7.5 111.8
1981 15093823 57661991 90.05 96052 105.10 3372 49.5 7.6 112.2
1982 13067946 59447295 80.57 81498 87.95 3044 48.4 7.6 115.1
1983 12611997 60657937 81.28 89045 94.08 3203 47.5 7.8 115.2
1984 13380300 61989472 84.04 94435 96.86 3370 48.2 8.0 117.9
1985 13845925 63547640 86.77 95604 94.37 3561 48.2 8.3 118.5
1986 14620775 64723552 87.88 97127 91.51 3752 48.9 8.3 121.8
1987 15584908 66250978 89.07 102922 91.90 3896 49.3 8.4 125.7
1988 16724365 68117675 90.25 117683 99.07 4123 49.5 8.3 121.5
1989 18490498 70696131 92.10 137133 108.53 4352 49.7 8.8 128.7
1990 19174198 73396922 92.24 143899 106.99 4450 50.5 9.0 133.6
1991 20702363 76034311 91.84 145983 101.98 4518 49.7 9.0 132.7
1992 23244204 79661233 93.33 153416 100.72 4724 49.6 8.9 126.6
1993 24868105 84242129 93.45 155782 96.14 4992 49.7 9.1 134.7
1994 26287606 88854976 92.05 165754 96.15 5029 49.3 9.4 131.9
1995 29081342 94586306 92.69 175571 95.76 5095 48.5 9.3 132.0
1996 31237289 100956331 93.67 189537 97.27 5182 48.5 9.5 136.6
1997 33300693 108104225 93.88 206515 99.90 5281 48.4 9.4 136.6
1998 34376598 115305256 93.66 219660 100.60 5375 48.9 9.6 135.8
1999 34115042 120662999 90.19 242301 105.25 5255 47.0 9.7 139.8
2000 35646492 126424780 90.84 256679 105.99 5311 47.7 9.8 138.2
2001 36854918 132177327 90.87 260245 102.14 5326 47.0 9.9 138.3
2002 37670155 138089797 91.04 262401 99.21 5381 46.9 10.0 135.1
2003 38900435 144191813 91.50 272942 98.48 5550 47.2 10.1 138.4
2004 41273362 151401404 91.18 281666 97.75 5661 47.2 10.3 135.6
2005 43832310 159577079 91.84 299413 100.27 5717 45.3 10.5 129.8

                Energy Wage-based
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APPENDIX 2, CONTINUED

Measure 1 Measure 2 Measure 3 Measure 4 Measure 5 Measure 6 Measure7 Measure 8

1960 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
1961 102.49 102.94 98.06 98.54 103.37 103.82 98.94 99.43
1962 104.36 105.29 100.63 101.57 101.80 102.71 98.22 99.14
1963 107.45 109.61 104.04 106.16 106.20 108.32 102.88 104.98
1964 106.19 108.43 103.24 105.45 104.85 107.05 101.99 104.17
1965 103.74 105.61 101.25 103.12 105.39 107.30 102.92 104.82
1966 112.64 114.05 110.31 111.73 111.45 112.83 109.20 110.60
1967 112.73 119.54 107.71 114.59 110.46 117.16 105.57 112.35
1968 114.43 118.60 108.28 112.53 113.01 117.18 106.97 111.23
1969 116.81 120.08 110.03 113.41 114.39 117.64 107.79 111.15
1970 116.51 124.00 108.22 115.63 116.90 124.37 108.66 116.06
1971 122.92 127.35 111.45 115.70 116.65 120.62 105.69 109.49
1972 118.39 122.11 105.96 109.51 113.07 116.41 101.15 104.32
1973 110.87 115.22 99.99 104.10 108.26 112.28 97.56 101.35
1974 113.22 118.18 104.86 109.61 109.07 113.61 100.97 105.31
1975 101.26 104.37 91.84 94.74 103.69 106.75 94.13 96.96
1976 101.73 104.55 90.32 92.88 101.64 104.32 90.27 92.69
1977 106.17 109.91 92.15 95.49 105.02 108.59 91.16 94.34
1978 110.98 114.20 95.97 98.85 108.45 111.45 93.78 96.46
1979 116.82 119.44 100.25 102.59 111.31 113.64 95.51 97.58
1980 121.10 123.35 104.47 106.51 115.15 117.12 99.33 101.10
1981 124.17 125.00 106.87 107.68 119.91 120.56 103.19 103.83
1982 113.22 115.48 95.95 98.00 117.40 119.48 99.59 101.48
1983 104.79 108.24 88.77 91.82 105.33 108.60 89.31 92.19
1984 106.99 109.57 89.30 91.56 106.26 108.62 88.76 90.81
1985 105.99 108.48 88.18 90.35 106.39 108.68 88.58 90.57
1986 107.72 109.26 88.10 89.41 109.44 110.80 89.59 90.75
1987 111.34 112.33 89.29 90.12 112.92 113.73 90.65 91.31
1988 114.32 115.16 93.54 94.28 112.32 112.94 92.06 92.59
1989 120.85 121.34 95.39 95.79 114.29 114.52 90.23 90.41
1990 121.84 121.21 93.95 93.42 115.90 115.07 89.40 88.71
1991 128.69 129.11 99.60 99.88 124.66 124.81 96.51 96.56
1992 138.52 139.22 110.11 110.60 134.83 135.23 107.19 107.42
1993 140.28 140.82 107.04 107.36 139.14 139.38 106.27 106.35
1994 144.60 145.88 111.69 112.57 143.41 144.38 110.88 111.50
1995 155.09 157.77 119.71 121.66 154.07 156.40 119.03 120.70
1996 160.83 163.70 121.61 123.68 158.73 161.23 120.12 121.88
1997 165.05 168.26 124.81 127.12 161.06 163.85 121.88 123.86
1998 164.23 166.31 124.64 126.11 159.78 161.46 121.35 122.51
1999 162.12 167.92 120.88 125.23 154.63 159.90 115.35 119.28
2000 165.27 169.76 124.07 127.49 157.18 161.19 118.05 121.09
2001 167.58 173.53 125.75 130.27 161.77 167.22 121.44 125.57
2002 167.25 173.40 127.27 131.99 163.39 169.09 124.36 128.73
2003 166.61 172.15 124.81 128.99 163.26 168.39 122.35 126.20
2004 171.44 177.14 129.98 134.33 168.50 173.79 127.79 131.81
2005 177.36 187.55 137.87 145.59 172.49 182.12 134.16 141.44

TFP TFP TFP TFP TFP TFP TFP TFP

* TFP is an index equal to 100 in 1960.
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