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An Evaluation of the World Economic Outlook Forecasts
ALLAN TIMMERMANN
This paper conducts a series of statistical tests to evaluate the quality of the
World Economic Outlook (WEO) forecasts for a very large cross section of
countries. It assesses whether forecasts were unbiased and informationally
efﬁcient, characterizes the process whereby WEO forecasts get revised as the
predicted period draws closer, and compares the precision of the WEO forecasts
to private sector forecasts known as ‘‘consensus forecasts’’ and published by
Consensus Economics on a monthly basis. The results suggest that the
performance of the WEO forecasts is similar to that of the consensus forecasts.
[JEL E17, E37, F17, F47]
IMF Staff Papers (2007) 54, 1–33. doi:10.1057/palgrave.imfsp.9450007

T

he World Economic Outlook (WEO) is a signiﬁcant source of forecasts of
global economic activity and is a key vehicle in the International
Monetary Fund’s multilateral surveillance activities. It is published twice a
year, in April and September. Given the central role of the WEO forecasts, it
is important that they are periodically evaluated to assess their usefulness and
to look for ways to improve the forecasting process. This study is the fourth
in a series of such evaluations (following Artis, 1988 and 1997; and
Barrionuevo, 1993). There are some notable differences between the current


Allan Timmermann is a professor of Management and Economics at the University of
California San Diego. The author is grateful to Tim Callen, Thomas Helbling, and David
Robinson for discussions. The author also thanks Mandy Hemmati for very valuable help in
providing the data used in this study.
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study and the earlier ones:
 First, we analyze forecasts for 178 countries in seven economic regions
(Africa, Central and Eastern Europe, the Commonwealth of Independent
States (CIS) countries and Mongolia, Developing Asia, the Middle East,
the Western Hemisphere, and the Advanced Economies) since 1990.
Earlier evaluations had focused on forecasts for only the Group of Seven
(G-7) countries and regional aggregates.
 Second, we include an extensive comparison between the accuracy of
WEO forecasts and consensus forecasts. The latter is a widely used source
that compiles the forecasts of economists working in the private sector.
Through this comparison, we assess WEO forecasts not just against
absolute benchmarks, but also against a relative benchmark of other
forecasters.
 Third, we consider the revisions to the forecasts, both over time and
within each forecast round. The latter is important because there is a long
gestation lag in the preparation of the forecasts in each round, and it is
important to know the gains—in terms of accuracy—of frequent forecast
updates.
Our analysis focuses on the current-year and next-year WEO forecasts of real
gross domestic product (GDP) growth and inﬂation. In the case of real GDP
growth, we ﬁnd that the WEO forecasts display a tendency for systematic
overprediction—that is, predicted growth, on average, tends to exceed actual
growth. From a statistical perspective, these biases are most signiﬁcant in the
next-year forecasts. This tendency for overprediction of growth performance
is also persistent over time. Moreover, the evidence suggests that forecasts of
U.S. GDP growth are positively and signiﬁcantly correlated with currentyear forecast errors of output growth in a substantial number of advanced
economies. (The forecast of German GDP growth also has predictive power
over output growth forecast errors in some regions.) Our analysis also ﬁnds
that, in some cases, accuracy problems appear related to the standing WEO
assumption that the output gap is eliminated after 5 years. In particular, the
paper notes a predominant negative relationship between the output gap and
the forecast error in the GDP growth, notably for Germany, France, and
Italy.
Turning to the inﬂation forecasts, we ﬁnd a bias toward underprediction
of inﬂation, with these biases signiﬁcant in the next-year forecasts for many
African, Central and Eastern European, and Western Hemisphere countries.
The underprediction bias is generally found to be weaker in the current-year
forecasts. With regard to their predictability, there is evidence that the nextyear inﬂation forecast errors are often linked to U.S. GDP forecasts.
Prior to the publication of the WEO forecasts in April and September, a
ﬁrst set of predictions is presented to the IMF Executive Board in February
and July. Subsequently, the forecasts are revised before they are published.
These revisions add considerable informational value. For the February/
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April same-year forecasts, the average reduction in the forecast error is about
one-ﬁfth for the advanced economies. The reduction is nearly 30 percent for
the July/September same-year forecasts, but only 5 percent for the next-year
forecasts.
The study compares the WEO projections to consensus forecasts for
GDP growth and inﬂation over the period 1990–2003.1 The data cover all the
G-7 economies (Canada, France, Germany, Italy, Japan, the United
Kingdom, and the United States), seven Latin American economies
(Argentina, Brazil, Chile, Colombia, Mexico, Peru, and Venezuela), and
nine Asian economies (China, Hong Kong SAR, India, Indonesia, Korea,
Malaysia, Singapore, Taiwan Province of China, and Thailand). Overall, the
comparison suggests that the forecast performance of the WEO is similar to
that of the consensus forecast. The paper highlights, however, that the timing
of the comparison with the consensus forecast matters. WEO current-year
forecasts generally perform quite well against current-year consensus
forecasts reported in March and perform considerably better against the
February consensus forecasts. Given the relatively long gestation lag in their
preparation, they tend to perform considerably worse against the consensus
forecasts reported in April.
I. Description of the WEO Data Set
Data Coverage
To assess the forecasting performance, we make use of the fact that four sets
of short-term forecasts are available for the same variable, because the WEO
publishes both April and September current- and next-year forecasts. For
example, four forecasts of GDP growth in the year 2000 are reported,
namely, the April and September 1999 next-year forecasts and the April and
September 2000 current-year forecasts. Access to different forecast vintages
allows us to address issues such as whether (and by how much) the error in
the forecast gets reduced as the time toward the target dates shrinks. It also
allows us to test another efﬁciency property embedded in an optimal forecast,
namely that forecast revisions should themselves be unpredictable. In some
cases, we ﬁnd evidence of signiﬁcant biases in revisions, suggesting simple
ways of improving on the forecasts.
The WEO data set contains information on 178 countries over the period
1990–2003. These countries are collected into seven groups or regions;
namely, Africa (50 countries), Central and Eastern Europe (15), CIS and
Mongolia (13), Developing Asia (24), Middle East (14), Western Hemisphere
(33), and Advanced Economies (29). Data availability and data quality vary
signiﬁcantly across regions and there can be signiﬁcant differences even
1
The so-called ‘‘consensus forecasts’’ published by Consensus Economics on a monthly
basis are forecasts for a number of macroeconomic variables. The ﬁrst forecasts for the major
industrial countries were published in October 1989. Since then, the coverage has expanded
steadily and now includes many emerging market countries.
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within each region. Data quality and the extent to which outliers affect the
results also depend on the type of variables being analyzed.
Timing Conventions
Because the target variables are subject to data revisions, a choice has to be
made concerning which data vintage to use to measure realized values or
outcomes. To this end, we follow the practice from earlier studies of WEO
forecasts, such as Artis (1997), and use the ﬁrst-available data in the April
WEO issue of year t þ 1 to measure the outcome of the predicted variable in
period t (labeled yt). Next-year forecasts for period t þ 1 are compared to the
realized values for year t þ 1 (yt þ 1) reported in the September WEO issue of
year t þ 2. The idea here is that immediacy of an actual value against which
the precision of the forecast is measured is particularly important for the
short-term forecasts, so the ﬁrst-available (April) measure is used for these
forecasts. This is less of a concern for the longer term (next-year) forecasts,
where the more precisely measured September data are consequently used.
In the analysis, we will also make use of the fact that we have both April
and September forecasts of same-year and next-year realizations. This means
that we have two sets of current-year forecasts generated in April and
^Sep
September, y^Apr
t;t , y
t;t , and two sets of next-year forecasts generated during
^Sep
the same months, y^Apr
tþ1;t , y
tþ1;t . In this notation, the ﬁrst subscript indicates
the period being predicted and the second subscript indicates the year when
the forecast was generated. The superscript indicates the month of the WEO
issue in which the WEO forecast was reported. This convention gives rise to
four separate forecast errors:
^Apr
eApr
t;t ¼ yt  y
t;t ;

April current-year forecast error

^Sep
eSep
t;t ¼ yt  y
t;t ;

September current-year forecast error

eApr
tþ1;t
eSep
tþ1;t

April next-year forecast error

¼ ytþ1 
¼ ytþ1 

y^Apr
tþ1;t ;
y^Sep
tþ1;t ;

September next-year forecast error.

In addition, we consider current-year and next-year forecast revisions,
deﬁned as
^Apr
revt;t ¼ y^Sep
t;t  y
t;t ;
revtþ1;t ¼

y^Sep
tþ1;t



y^Apr
tþ1;t ;

revision to the current-year forecast
revision to the next-year forecast.

The data are trimmed in some regions because of missing observations or
extreme observations that would otherwise dominate the regional averages.
For example, at least eight September current-year forecasts are available for
only 41 out of 50 African countries, and only 11 of the 24 developing Asian
economies had more than eight data points for this variable. Fortunately,
data on April and September next-year forecasts tend to be more complete,

4
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although again there are some countries with incomplete data. Measured by
data coverage, the data set is most complete for the advanced economies and
least complete for CIS and Mongolia.
II. Properties of Optimal Forecasts
To evaluate the quality of the WEO forecasts, it is necessary to establish a set
of testable properties that an optimal forecast should have. In this section, we
discuss the nature of such properties. In all cases, the properties are
established under the assumption that the objective function is of the meansquared error (MSE) type so that the forecasts minimize a symmetric,
quadratic loss function. Different properties hold for other loss functions. To
the extent that the costs associated with over- and underpredicting variables,
such as GDP growth and inﬂation, are not symmetric, then it is, in fact,
optimal to bias the forecast. Elliott, Komunjer, and Timmermann (2005) ﬁnd
that this has important consequences when evaluating the optimality
properties of a forecast. Patton and Timmermann (2006) show how
standard optimality properties that a forecast has under MSE loss get
violated under asymmetric loss and a nonlinear data-generating process.
Unbiasedness and Lack of Serial Correlation
Under MSE loss, the optimal forecast, y^t;t ¼ arg min E½ðyt  y^t;t Þ2 jOt , where
y^t;t

Ot is the forecaster’s information set at time ô o t. Under broad conditions,
such as the existence of expected loss and covariance stationarity of the
forecast error, we have E[et|Ot ] ¼ 0, which implies unbiasedness of the
optimal forecast and absence of serial correlation in the forecast errors.
Deﬁne the generic forecast errors for period t or t þ 1 as
yt;t ðt  tÞ;
et ¼ yt ^
etþ1 ¼ ytþ1  y^tþ1;t ðt  t þ 1Þ:
One can now perform the following simple regressions:
et ¼ a þ et ;

(1Þ

etþ1 ¼ a þ bet þ etþ1 :

(2Þ

For an efﬁcient forecast, we must have a ¼ 0 (unbiasedness) in Equation
(1), and and a ¼ 0, b ¼ 0 in Equation (2), implying unbiasedness and absence
of serial correlation. The ﬁrst regression gives rise to a simple Student’s t-test
of a ¼ 0, whereas the second leads to an F-test. Adding the forecast ŷt þ 1,t to
both sides of Equation (2), this regression is easily seen to be equivalent to the
conventional Mincer-Zarnowitz (1969) levels regression
ytþ1 ¼ a þ b^
ytþ1;t þ etþ1 :

(3Þ

In this regression, unbiasedness of the forecast translates into a
requirement that a ¼ 0, b ¼ 1.
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Efﬁciency Properties More Generally
Unbiasedness and absence of serial correlation in the forecast errors can be
thought of as weak efﬁciency requirements. A much more general and stricter
orthogonality condition holds for optimal forecasts under MSE loss. Because an
optimal forecast should be the conditional expectation of the predicted variable of
interest, if the forecaster uses all available information efﬁciently, then no variable
in the current information set should be able to predict future forecast errors. To
test this, let zt be any such variable in the forecaster’s information set at time t, Ot.
An implication of informational efﬁciency is that a ¼ b ¼ 0 in the regression
etþ1 ¼ a þ bzt þ etþ1 ;

(4Þ

where et þ 1 is a serially uncorrelated, zero-mean-error term. The relationship
between unbiasedness and absence of serial correlation on the one hand
(equation and informational efﬁciency according to Equation (4), on the
other, more generally is similar to the relationship between the weak and
semistrong versions of the market efﬁciency hypothesis. According to the
weakly efﬁcient hypothesis, past values of the variable itself should not help
predict future values. The semistrong version tightens this restriction by
requiring that no publicly available information helps forecast future values.
Tests on Forecast Revisions
Forecast revisions are of fundamental interest in a forecast evaluation
exercise for one simple reason: If a sequence of forecasts is optimal, then the
forecast revisions should themselves be unpredictable (technically a
martingale difference sequence). Indeed, if this were not the case and, say,
forecast revisions between February and April were themselves predictable,
then the original (February) forecast would not be optimal. Suppose, for
example, that it is known that on average the April forecast of next-year
output growth tends to be 14 of 1 percent higher than the February forecast.
Then the February forecast should be revised upward by this amount to
reﬂect the better information available in April of each year.
Another advantage of studying revisions is that predictable patterns in
revisions, if detected, automatically tell the forecaster how to improve the
original forecast, namely, by amending it by the ﬁtted value of the forecast
revision. Hence, if the February forecast of the revision in the forecast
between February and April is
^ Feb ;
a þ bz
revApr
t
tþ1;t ¼ ^
the original February forecast, y^Feb
tþ1;t , can be replaced by an improved
forecast, y~Feb
,
as
follows:
tþ1;t
Apr
^Feb
y~Feb
tþ1;t ¼ y
tþ1;t þ revtþ1;t :

(5Þ

is the forecaster’s information set in April, OFeb
More generally, if OApr
t
t is
the information set in February (which is a subset of the April information

6
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set, OApr
 OFeb
t
t ) and if forecasts are formed optimally as conditional
Feb
Apr
^Apr
expectations—that is, y^Feb
tþ1;t ¼ E½ytþ1 jOt  and y
tþ1;t ¼ E½ytþ1 jOt —then by
Feb
^Feb
the law of iterated expectations E½^
yApr
tþ1;t , and so the revision,
tþ1;t jOt  ¼ y

^Feb
deﬁned as revtþ1;t ¼ y^Apr
tþ1;t , must be zero-mean:
tþ1;t  y
E½revtþ1;t jOFeb
t  ¼ 0:

(6Þ

A similar result holds for the current-year revisions, revt;t ¼

y^Apr
t;t



y^Feb
t;t ,

E½revt;t jOFeb
t  ¼ 0:

(7Þ

Apr
Notice, however, that in general E½revtþ1;t jOApr
t a0 and E½revt;t jOt a0;
provided that new information arrives between February and April of year t.
It is worth emphasizing that we ignore estimation errors, which can induce
serial correlation in the forecast errors even if the forecaster knows the true
model. This is akin to learning effects—see Timmermann (1993) for a
discussion of this point in the context of predictability of ﬁnancial returns.
An important implication follows from these simple results: forecast
optimality can be tested without having data on the target variable y. This is
important because, given the availability of different vintages of the target
variable, it is not clear whether the forecasts should be compared to the ﬁrstissue, second (revised), or ‘‘ﬁnal’’ data revision. This matters considerably in
practice as witnessed by the recent literature on real-time macroeconomic
data (see Croushore, 2006). By analyzing data revisions, we can effectively
construct a test that is not sensitive to how well the underlying data are being
measured.

Nonincreasing Variance of Forecast Errors as the Forecast Horizon is
Decreased
A ﬁnal property of an optimal forecast is declining variance of the forecast
error as more information becomes available. This means that the February
current-year (next-year) forecast errors should have a greater variance than
the April current-year (next-year) forecast errors:
Feb
VarðeApr
tþ1;t Þ  Varðetþ1;t Þ;

(8Þ
Feb
VarðeApr
t;t Þ  Varðet;t Þ:

Intuitively this simply reﬂects that more information about the outcome in
the current or next year is known in April than in February of the same year.
This can be formally tested through a variance ratio test or (more
appropriately given the small sample size here) by considering patterns in
the variance of forecast errors associated with different forecast horizons.
III. Empirical Results
With the data set and benchmark properties of an optimal forecast in place,
we proceed to analyze the empirical evidence. Table 1 reports summary

7
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Table 1. Descriptive Statistics for Forecast Errors, by Variable and Region
(Averages across countries in region)

Mean

Median

Standard
Deviation

Serial
Correlation

Fraction of
Positive Errors

Real GDP (annual change in percent)
April current-year forecast errors
Africa
1.17
Central and Eastern Europe
1.17
1.93
Commonwealth of
Independent States (CIS)
and Mongolia
Developing Asia
0.38
Middle East
1.66
Western Hemisphere
0.64
Advanced Economies
0.04

0.81
0.71
1.48

3.19
3.49
8.28

0.21
0.37
0.31

0.34
0.46
0.53

0.33
0.20
0.61
0.14

2.22
6.38
2.41
1.36

0.25
0.37
0.23
0.21

0.49
0.53
0.39
0.48

September current-year forecast
Africa
Central and Eastern Europe
CIS and Mongolia
Developing Asia
Middle East
Western Hemisphere
Advanced Economies

errors
0.60
0.11
1.05
0.16
0.67
0.26
0.09

0.52
0.11
0.56
0.24
0.22
0.12
0.02

2.81
2.37
6.35
1.24
3.67
2.02
0.81

0.24
0.33
0.27
0.27
0.35
0.24
0.22

0.40
0.56
0.61
0.57
0.58
0.46
0.55

April next-year forecast errors
Africa
Central and Eastern Europe
CIS and Mongolia
Developing Asia
Middle East
Western Hemisphere
Advanced Economies

1.45
1.63
2.17
0.63
1.06
1.33
0.55

1.37
0.92
1.93
0.67
0.11
1.34
0.74

4.07
3.90
8.40
2.86
6.63
3.08
2.06

0.28
0.37
0.48
0.33
0.32
0.26
0.29

0.33
0.39
0.51
0.45
0.49
0.33
0.42

September next-year forecast errors
Africa
1.48
Central and Eastern Europe
1.40
CIS and Mongolia
2.39
Developing Asia
0.53
Middle East
1.34
Western Hemisphere
1.16
Advanced Economies
0.36

1.41
0.97
2.78
0.68
0.06
1.16
0.48

4.02
3.76
9.60
2.84
6.15
2.96
1.97

0.23
0.34
0.46
0.31
0.31
0.24
0.24

0.33
0.41
0.52
0.45
0.53
0.35
0.44

Current-year forecast revision
Africa
Central and Eastern Europe
CIS and Mongolia
Developing Asia
Middle East
Western Hemisphere
Advanced Economies

0.54
0.45
0.85
0.51
0.62
0.27
0.07

2.00
2.36
5.42
1.86
6.17
1.56
0.99

0.23
0.26
0.42
0.29
0.21
0.23
0.26

0.36
0.51
0.53
0.45
0.44
0.38
0.49

0.83
0.94
1.02
0.46
2.33
0.34
0.11
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Table 1 (continued)

Next-year forecast revision
Africa
Central and Eastern Europe
CIS and Mongolia
Developing Asia
Middle East
Western Hemisphere
Advanced Economies

Mean

Median

0.08
0.29
0.37
0.20
1.10
0.47
0.20

0.07
0.24
0.36
0.22
0.27
0.44
0.22

Standard
Deviation

1.55
0.99
2.19
1.25
4.69
1.22
0.71

Serial
Correlation

Fraction of
Positive Errors

0.28
0.31
0.24
0.28
0.46
0.31
0.21

0.45
0.45
0.47
0.45
0.47
0.35
0.39

Inﬂation (in percent per year)
April current-year forecast errors
Africa
57.48
Central and Eastern Europe
7.36
CIS and Mongolia
340.63
Developing Asia
1.72
Middle East
2.03
Western Hemisphere
18.69
Advanced economies
0.08

0.60
2.30
126.95
1.06
0.86
1.78
0.03

162.18
24.37
978.65
8.20
8.49
50.40
0.94

0.29
0.39
0.69
0.33
0.28
0.38
0.20

0.57
0.53
0.49
0.53
0.34
0.56
0.44

September current-year forecast errors
Africa
39.70
Central and Eastern Europe
2.03
CIS and Mongolia
163.16
Developing Asia
1.00
Middle East
0.59
Western Hemisphere
7.06
Advanced economies
0.09

0.12
0.17
64.00
0.09
0.41
0.58
0.05

133.39
8.79
554.43
5.97
8.61
23.87
0.49

0.23
0.27
0.60
0.23
0.19
0.27
0.23

0.54
0.47
0.42
0.47
0.43
0.50
0.42

April next-year forecast errors
Africa
81.72
Central and Eastern Europe
16.05
CIS and Mongolia
229.71
Developing Asia
1.45
Middle East
0.77
Western Hemisphere
10.85
Advanced economies
0.12

2.50
4.03
177.67
1.28
0.96
2.66
0.13

177.60
34.06
592.49
9.16
11.32
62.08
1.43

0.26
0.41
0.83
0.42
0.38
0.38
0.36

0.66
0.60
0.70
0.55
0.38
0.59
0.43

September next-year forecast errors
Africa
74.94
Central and Eastern Europe
16.04
CIS and Mongolia
190.99
Developing Asia
1.63
Middle East
1.77
Western Hemisphere
7.81
Advanced economies
0.19

1.80
3.27
153.65
0.62
1.15
1.60
0.13

164.02
32.43
590.62
9.15
10.96
54.87
1.20

0.26
0.39
0.74
0.36
0.27
0.29
0.33

0.62
0.58
0.65
0.52
0.32
0.58
0.40

Current-year forecast revision
Africa
Central and Eastern Europe
CIS and Mongolia

0.27
1.78
120.45

38.11
19.15
551.08

0.22
0.20
0.61

0.56
0.58
0.56

17.03
5.00
182.11

9

©International Monetary Fund. Not for Redistribution

Allan Timmermann

Table 1 (concluded)

Developing Asia
Middle East
Western Hemisphere
Advanced economies
Next-year forecast revision
Africa
Central and Eastern Europe
CIS and Mongolia
Developing Asia
Middle East
Western Hemisphere
Advanced economies

Mean

Median

Standard
Deviation

Serial
Correlation

Fraction of
Positive Errors

0.31
0.19
9.67
0.03

0.15
0.01
0.29
0.03

3.21
3.18
29.17
0.76

0.29
0.34
0.18
0.19

0.52
0.51
0.51
0.51

3.92
1.60
36.83
0.22
0.74
3.20
0.05

0.30
0.69
11.26
0.22
0.40
0.07
0.01

11.01
7.30
112.55
2.78
3.84
12.27
0.70

0.21
0.15
0.42
0.19
0.34
0.18
0.26

0.57
0.63
0.69
0.56
0.57
0.57
0.53

statistics for the forecast errors and forecast revisions grouped by variable and
region. We show the mean, median, and standard deviation of the forecast
error; the average absolute value of the coefﬁcient of ﬁrst-order serial
correlation in the forecast errors; and the percentage of positive values of the
forecast error. In all cases, these statistics are computed based on the cross
section of countries within a particular region. For example, both the median
and standard deviations are computed from the cross section of average values
across countries in a given region. We next discuss the main empirical ﬁndings.
GDP Growth
Current-year forecasts
For the real GDP growth rate variable, the mean of the current-year forecast
error (that is, the bias averaged across time and across countries) is very close
to zero for the advanced economies. Biases in April current-year forecasts are
much larger—exceeding more than 1 percent—and negative for Africa,
Central and Eastern Europe, CIS and Mongolia, and the Middle East. As
expected, this bias is reduced signiﬁcantly in the September current-year
forecasts. Although the April biases appear to be rather large, it should also
be noted that they reﬂect some very large outliers whose values are
predominantly negative and thus represent overpredictions. Indeed, the
standard deviations of the April current-year forecast errors tend to be
largest for those regions where the greatest biases were found—exceeding 8
percent for CIS and Mongolia and 6 percent for the Middle East.
Such outliers in the data lead us to consider more robust statistics as well,
for example, the median forecast error and the proportion of positive forecast
errors (underpredictions). Provided that the underlying shocks are not drawn
from asymmetric distributions, one would expect the median to be close to

10

©International Monetary Fund. Not for Redistribution

WORLD ECONOMIC OUTLOOK

zero and the proportion of positive forecast errors to be close to 50 percent
on average if the underlying forecasting model is not misspeciﬁed. Again the
data reveal systematic problems for some of the regions: between 34 and 40
percent of the same-year forecasts for the African region are overpredictions
of subsequent GDP growth (negative mean forecast errors). Consistent with
this, the median forecast error remains large and negative (0.81 for this
region), as it does for Central and Eastern Europe and CIS and Mongolia.
Forecasts in all regions pass the test that the variance of the September
forecast errors should be smaller than the variance of the April forecast
errors of the same variable. Furthermore, in many regions the reduction in
uncertainty between the April and September forecast appears to be quite
large. For example, the average standard deviation of the current-year
forecast error in the advanced economies is reduced from 1.36 percent in
April to 0.81 percent in September, representing a 40 percent reduction.
Next-Year Forecasts
Biases in the next-year forecast errors generally exceed those observed in the
current-year forecasts. Interestingly, in every single region the mean April or
September biases are negative, and this also holds for the median bias in all
regions, with exception of the Middle East. This suggests that the WEO in
general overpredicts next-year GDP growth. Furthermore, whereas the
average bias in the current-year predictions for the advanced economies is
very small, it is quite sizable in the next-year forecast, where it takes values of
0.36 and 0.55 percent, depending on the reporting date of the forecast.
Estimates of the standard deviations of the forecast errors associated with the
April and September next-year forecasts are much more similar than their
current-year counterparts. This suggests that far less is learned between April
and September about next-year growth than is learned between these months
about growth in the current year.
The proportion of positive next-year forecast errors is again very low for
Africa (0.33) and the Western Hemisphere (0.35). The predominance of
regions with proportions of positive signs below 0.5 is consistent with the
tendency of the WEO forecasts to overpredict next-year GDP growth.
Serial correlation in the forecast errors also appears to be a problem in
some regions. The fourth column of Table 1, which reports the average of the
absolute value of the ﬁrst-order autocorrelation in the forecast error, is quite
high in CIS and Mongolia in particular.
Turning to the forecast revisions between the April and September WEO
publications, which should have a mean of zero, there is systematic evidence
of negative biases. This is consistent with the April and September forecasts
both overpredicting GDP growth on average, but the April forecast being
more optimistic than the September value (so the mean change is negative).
Hence, on average, the September forecast is being revised downward when
compared with the April value. This ﬁnding is corroborated in the median
values as well as in the proportion of positive forecast revisions (which
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consistently lies below one-half) and is information that could easily be used
to improve on the WEO growth forecasts.
Another feature worth noting in the forecast revisions is that the
standard deviation of the revision is generally quite a bit larger for the
current-year values than for the next-year values. Again, this reinforces
the earlier observation that information arriving between April and
September more strongly affects current-year than next-year forecasts.
Inﬂation
Very high inﬂation rates characterized a number of countries during the
sample period, so it is not surprising that outliers tend to be very large for this
variable and certainly larger than for real GDP growth. As a consequence,
we focus our analysis on the relatively robust measures of forecasting
performance, such as the proportion of positive forecast errors. For the
current-year forecasts, this does not deviate too strongly from 50 percent in
any of the regions, except for the Middle East, where only between 34 and 43
percent of the April and September current-year forecast errors are positive,
and to a lesser extent for the Advanced Economies, where 43 percent of the
signs are positive.
A rather different picture emerges for the next-year forecast errors.
Between 60 and 70 percent of the April forecast errors are positive for Africa,
Central and Eastern Europe, and CIS and Mongolia. These proportions are
closer to 60 percent for the September forecasts, but remain somewhat higher
than 50 percent, indicating a tendency toward underprediction of inﬂation in
these countries. Furthermore, all forecast revisions have positive means and
more than 50 percent of the forecast revisions are positive. A particularly
high percentage is observed among the next-year revisions for CIS and
Mongolia and Central and Eastern Europe, which generally see the average
forecast revised upward. Hence there is a tendency for both the WEO’s
current-year and next-year inﬂation forecasts to be raised between April and
September. Since the September forecasts are generally more accurate than
their April counterparts, this suggests that the April WEO inﬂation forecasts
can be improved by increasing their value.
We also consider whether the standard deviation of the April forecast errors
is greater than that of the September forecast errors. Although outliers make it
difﬁcult to interpret some of the values, this appears generally to be the case.
IV. Analysis of Statistical Signiﬁcance
Whether the biases documented in the previous table should be of concern
depends on how systematic they are. This issue can best be addressed by
undertaking a more in-depth statistical analysis. Such an analysis is of course
tempered by the short data sample, which potentially invalidates inference
relying on asymptotic distributions and also lowers the power of a statistical
analysis to detect misspeciﬁcation in the forecasting models, even when this is
present. Again, countries with fewer than eight observations will be excluded
from the statistical analysis. Considerable caution should be exercised when
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interpreting the statistical inference results, because the sample size used here
is very small, and ﬁnite-sample distortions of standard test statistics that
correct for heteroskedasticity and autocorrelation in the regression residuals
are well known (see Den Haan and Levin, 1997; Kiefer, Vogelsang, and
Bunzel, 2000; and Kiefer and Vogelsang, 2002).
To deal with the problem that the small-sample properties of the simple
t- and F-statistics are such that standard critical levels may not provide a
reliable guide to inference, we designed a bootstrap experiment. This
procedure repeatedly draws values of the forecast errors (e1, y, eT) with
replacement from the empirical distribution function to construct a sample
whose length (T) is identical to that of the original data sample. Having
constructed an artiﬁcial sample in this way ðeb1ðbÞ ; . . . ; ebTðbÞ Þ, where b is an
indicator for the bth bootstrap and 1(b), T(b) are randomly drawn integer
values between 1 and T , we recalculate the test statistics of interest, for
example, t- and F-statistics associated with the efﬁciency regressions. We
repeat this in 5,000 bootstrap experiments to construct a histogram for the
distribution of the test statistic. The value of the test statistic found for the
actual data is then compared with this bootstrapped distribution to get
bootstrapped p-values. We shall report the proportion of countries for which
the actual test statistic exceeds the 95th percentile of the bootstrapped
distribution (using a two-sided test for the t-statistic).
Using Equation (1), the ﬁrst two columns of Table 2 report the proportion
of included countries in the various regions for which the t-statistic associated
with the mean forecast error is less than 2 or greater than 2.2 The third column
reports the proportion of bootstrapped p-values for a ¼ 0 that fall below 0.05
using a two-sided test. It is instructive to compare the proportion of t-statistics
that exceed 2 in absolute value against the bootstrapped p-values. In almost all
cases the latter lead to far fewer rejections, indicating the small-sample size
distortions that affect conventional test statistics.
The fourth column reports the percentage of regressions for which the
absolute value of the t-statistic of b in the weak efﬁciency regression,
Equation (2), is greater than 2. The ﬁfth column reports the percentage of
cases where the F-test for the joint hypothesis a ¼ 0, b ¼ 0 in Equation (2)
exceeds its 5 percent critical level, and the ﬁnal column reports the percentage
of signiﬁcant values of a sign test for whether the proportion of positive
forecast errors differs from one-half, again using a 5 percent critical level. The
purpose of reporting so many test statistics is to get a broader picture of
possible forecast inefﬁciencies and to account for the fact that the individual
test statistics are surrounded by more than the usual uncertainty, owing to
the very small samples entertained here. Caution should therefore be
exercised when interpreting the results.

2

These t-statistics should be viewed only as broad indicators of statistical signiﬁcance and
are reported only because these measures are conventionally used to test statistical
signiﬁcance.
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Table 2. Tests for Biasedness and Serial Correlation of Forecast Errors
(Share of countries in region with signiﬁcant test statistics)
^
Serial Correlation ðbÞ

Forecast Error Bias ð^
aÞ

T-value for ^
a
t^a o  2

t^a 42

Fraction
of
bootstrap
P-value
o 0.05

 
 
tb^ 42

Fraction Fraction of
signiﬁcant
of
bootstrap sign tests
(P-value
P-value
o 0.05)
o 0.05

Real GDP
April current-year forecast
Africa
Central and Eastern
Europe
Commonwealth of
Independent States
(CIS) and Mongolia
Developing Asia
Middle East
Western Hemisphere
Advanced Economies

errors
0.40
0.13

0.00
0.00

0.25
0.07

0.06
0.13

0.15
0.13

0.17
0.20

0.08

0.08

0.15

0.08

0.00

0.15

0.10
0.00
0.19
0.03

0.05
0.08
0.00
0.03

0.05
0.08
0.13
0.07

0.00
0.31
0.03
0.00

0.00
0.15
0.06
0.03

0.15
0.08
0.03
0.10

0.00
0.08

0.15
0.00

0.12
0.15

0.15
0.00

0.15
0.08

0.17
0.09
0.20
0.05
0.10

0.08
0.00
0.20
0.05
0.07

0.17
0.00
0.30
0.05
0.07

0.08
0.00
0.20
0.00
0.10

0.17
0.18
0.10
0.05
0.17

0.04
0.00

0.33
0.07

0.15
0.27

0.33
0.27

0.35
0.07

0.00
0.04
0.07
0.00
0.03

0.00
0.09
0.00
0.27
0.24

0.46
0.30
0.14
0.09
0.14

0.08
0.13
0.14
0.15
0.21

0.08
0.09
0.07
0.18
0.14

0.02
0.00

0.33
0.07

0.13
0.20

0.29
0.20

0.33
0.13

0.00
0.04
0.07
0.00
0.07

0.00
0.04
0.07
0.24
0.21

0.38
0.17
0.14
0.06
0.00

0.15
0.13
0.21
0.21
0.14

0.08
0.09
0.07
0.09
0.10

September current-year forecast errors
Africa
0.20
Central and Eastern
0.00
Europe
CIS and Mongolia
0.00
Developing Asia
0.00
Middle East
0.00
Western Hemisphere
0.10
Advanced Economies
0.00
April next-year forecast errors
Africa
0.38
Central and Eastern
0.27
Europe
CIS and Mongolia
0.15
Developing Asia
0.17
Middle East
0.00
Western Hemisphere
0.36
Advanced Economies
0.28
September next-year forecast errors
Africa
0.40
Central and Eastern
0.20
Europe
CIS and Mongolia
0.08
Developing Asia
0.04
Middle East
0.00
Western Hemisphere
0.33
Advanced Economies
0.24
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Table 2 (continued)
^
Serial Correlation ðbÞ

Forecast Error Bias ð^
aÞ

 
 
tb^ 42

0.00
0.00

0.17
0.00

0.10
0.00

0.10
0.00

0.12
0.09

0.00
0.00
0.00
0.00
0.04

0.00
0.08
0.00
0.13
0.04

0.20
0.08
0.10
0.00
0.07

0.00
0.08
0.00
0.00
0.04

0.00
0.08
0.00
0.00
0.11

0.07
0.22

0.00
0.00

0.02
0.00

0.10
0.22

0.05
0.11

0.07
0.00

0.00
0.08
0.00
0.20
0.19

0.00
0.00
0.00
0.00
0.00

0.00
0.08
0.00
0.13
0.07

0.00
0.00
0.38
0.07
0.07

0.00
0.00
0.00
0.13
0.07

0.00
0.00
0.00
0.07
0.11

T-value for ^
a
t^a o  2
Current-year forecast revision
Africa
0.29
Central and Eastern
0.18
Europe
CIS and Mongolia
0.00
Developing Asia
0.08
Middle East
0.00
Western Hemisphere
0.20
Advanced Economies
0.04
Next-year forecast revision
Africa
Central and Eastern
Europe
CIS and Mongolia
Developing Asia
Middle East
Western Hemisphere
Advanced Economies

Fraction Fraction of
signiﬁcant
of
bootstrap sign tests
(P-value
P-value
o 0.05)
o 0.05

Fraction
of
bootstrap
P-value
o 0.05

t^a 42

Inﬂation
April current-year forecast
Africa
Central and Eastern
Europe
CIS and Mongolia
Developing Asia
Middle East
Western Hemisphere
Advanced Economies

errors
0.00
0.00

0.19
0.07

0.13
0.00

0.06
0.33

0.13
0.07

0.21
0.13

0.00
0.00
0.08
0.03
0.07

0.08
0.05
0.00
0.19
0.03

0.00
0.00
0.00
0.13
0.00

0.69
0.15
0.15
0.22
0.07

0.31
0.00
0.00
0.09
0.07

0.00
0.15
0.15
0.16
0.07

0.08
0.00

0.00
0.00

0.06
0.20

0.04
0.00

0.16
0.00

0.08
0.00
0.00
0.06
0.00

0.00
0.08
0.00
0.03
0.03

0.62
0.04
0.00
0.12
0.07

0.15
0.08
0.00
0.06
0.03

0.00
0.13
0.07
0.06
0.00

September current-year forecast errors
Africa
0.04
Central and Eastern
0.07
Europe
CIS and Mongolia
0.00
Developing Asia
0.08
Middle East
0.00
Western Hemisphere
0.03
Advanced Economies
0.17
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Table 2 (concluded)
Forecast Error Bias ð^
aÞ

Fraction Fraction of
signiﬁcant
of
bootstrap sign tests
(P-value
P-value
o 0.05)
o 0.05

Fraction
of
bootstrap
P-value
o 0.05

 
 
tb^ 42

0.25
0.20

0.19
0.13

0.19
0.33

0.17
0.20

0.31
0.33

0.31
0.17
0.14
0.27
0.03

0.00
0.13
0.14
0.24
0.14

0.92
0.35
0.29
0.33
0.10

0.31
0.26
0.21
0.39
0.17

0.31
0.26
0.36
0.36
0.10

0.22
0.27

0.16
0.20

0.14
0.33

0.14
0.20

0.34
0.40

0.23
0.13
0.14
0.24
0.00

0.08
0.08
0.14
0.27
0.07

0.77
0.21
0.00
0.15
0.17

0.15
0.17
0.14
0.36
0.14

0.23
0.25
0.21
0.42
0.07

0.14
0.07

0.02
0.00

0.08
0.20

0.02
0.00

0.18
0.07

0.08
0.08
0.00
0.12
0.03

0.00
0.04
0.00
0.00
0.07

0.62
0.08
0.29
0.06
0.07

0.31
0.04
0.00
0.00
0.03

0.15
0.17
0.21
0.12
0.07

0.02
0.00

0.08
0.13

0.04
0.07

0.06
0.00

0.06
0.00

0.18
0.20

0.00
0.00
0.00
0.00
0.03

0.00
0.17
0.00
0.06
0.10

0.00
0.04
0.00
0.03
0.03

0.38
0.09
0.21
0.06
0.14

0.08
0.09
0.07
0.03
0.10

0.38
0.13
0.07
0.24
0.10

T-value for ^
a
t^a o  2
April next-year forecast errors
Africa
0.00
Central and Eastern
0.00
Europe
CIS and Mongolia
0.00
Developing Asia
0.00
Middle East
0.29
Western Hemisphere
0.15
Advanced Economies
0.14
September next-year forecast errors
Africa
0.02
Central and Eastern
0.00
Europe
CIS and Mongolia
0.00
Developing Asia
0.13
Middle East
0.21
Western Hemisphere
0.12
Advanced Economies
0.07
Current-year forecast revision
Africa
0.00
Central and Eastern
0.00
Europe
CIS and Mongolia
0.00
Developing Asia
0.00
Middle East
0.00
Western Hemisphere
0.00
Advanced Economies
0.03
Next-year forecast revision
Africa
Central and Eastern
Europe
CIS and Mongolia
Developing Asia
Middle East
Western Hemisphere
Advanced Economies

^
Serial Correlation ðbÞ

t^a 42

Source: Author’s calculations.
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GDP Forecasts
First consider the April current-year forecasts. For close to 40 percent of the
countries in the African region, the GDP growth forecasts were systematically
too large.3 The bootstrapped test statistics conﬁrm a signiﬁcant bias for a much
larger proportion of African countries—close to 25 percent—than should be
expected if the forecasts were genuinely unbiased. This proportion is reduced to
15 percent when bias and serial correlation are jointly tested, most likely
because of the weaker power of the joint test, which requires estimation of an
additional parameter. In fact, we can identify signiﬁcant serial correlation for
only about 6 percent of the African countries (column 4 of Table 2). Similarly,
for about 15 percent of the African countries, the proportion of positive signs in
the current-year forecast errors is signiﬁcantly different from one-half at the 5
percent critical level (column 5 of Table 2).
Between 10 and 20 percent of the countries in CIS and Mongolia and the
Western Hemisphere also show evidence of a signiﬁcant bias in the forecasts.
Serial correlation in the forecast errors appears to be most important in
the Middle East, where 15 percent of the countries generate signiﬁcant bootstrapped test statistics. These ﬁndings mostly carry over to the September
current-year forecasts. Forecast errors continue to be biased and serially
correlated for about 15 percent of the countries in Africa and there is strong
evidence of serial correlation for the Middle East. In contrast, there is very
little evidence that the current-year forecasts are biased or serially correlated
in developing Asia or the advanced economies. Overall, the proportion of
cases with a signiﬁcant bias is lower in the September current-year forecasts
compared with the April current-year forecasts.
Turning to the next-year forecast errors, there is evidence of a signiﬁcant
upward bias in the forecasts for about 35 percent of the countries in Africa and
almost 25 percent of the countries in the Western Hemisphere (column 3 of
Table 2). Signiﬁcant biases also affect more than 20 percent of the countries
among the advanced economies. Serial correlation in next-year forecast errors
plagues all regions, particularly Africa. All told, the bootstrapped p-values show
a pattern of biased or serially correlated next-year forecast errors in all regions.
Current-year forecast revisions are biased for Africa and the Western
Hemisphere but there is little evidence of serial correlation. Next-year
forecast revisions are biased and serially correlated for more than 10 percent
of the countries in the Western Hemisphere, but otherwise the evidence
against (weak) efﬁciency tends to be relatively mild.
Inﬂation Forecasts
As mentioned previously, the inﬂation data are affected by numerous
outliers, so we will not rely on standard test statistics and instead will move
Because the forecast error is deﬁned as realization minus prediction, e ¼ yŷ,a negative
mean forecast error shows that the prediction on average exceeds the realization and thus
negative t-values represent overpredictions.
3
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directly to consider the bootstrap results. These reveal mild evidence of
inefﬁciency in the current-year inﬂation forecasts. There appears to be some
positive bias (underprediction of inﬂation) in the case of Africa and the
Western Hemisphere. By far the strongest evidence against efﬁciency is found
in the next-year forecast errors, which reveal forecasts that are systematically
downward-biased in most regions except for the Advanced Economies.
However, forecast errors are serially correlated in the latter region so the null
of no bias or serial correlation is rejected for about 15 percent of all countries
(more than double the level expected under the null).
For the next-year forecasts, with the exception of CIS and Mongolia, a
greater-than-expected proportion of countries in the various regions
generates a signiﬁcant test statistic associated with the bias. The strongest
evidence against efﬁciency comes from the serial correlation tests in column 5
of Table 2, which show that p-values below 5 percent were generated for
between 15 percent and 40 percent of the countries in the various regions. In
particular, more than 30 percent of the countries in the Western Hemisphere
show evidence of signiﬁcant serial correlation in the forecast errors. With few
exceptions, forecast revisions reveal little systematic evidence of biases or
serial correlation.
V. Can the WEO Forecast Errors Be Predicted?
The process whereby the WEO forecasts are generated puts considerable
emphasis on integrating predictions across countries, regions, and variables
in order to produce a coherent and internally consistent projection of current
and future economic activity. One way to analyze whether the procedures
that are currently in place have their intended effect is to test for
informational efﬁciency using a range of indicators of global economic
activity. Such tests build on the moment condition E [et þ 1|Ot] ¼ 0—where Ot
is the forecaster’s information set at the time of the forecast (t)—and are
hence versions of the efﬁciency tests in Equation (4).
In our empirical application we focus on four such predictor variables.
First, we consider the WEO prediction of U.S. GDP growth. This is an
obvious choice given the size of the U.S. economy and the leading role it
plays in shaping global economic activity. The second instrument is the WEO
prediction of German output growth—again motivated by the signiﬁcance of
this economy to regional and global growth.4 Finally, we also use the WEO
forecast of oil prices and a global current account discrepancy instrument as
4
For both U.S. and German growth, we use the April and September current-year and
next-year WEO forecasts as instruments in predicting the corresponding April and September
current-year and next-year forecast errors. These data are more up to date than the
corresponding realized values (which are available only with a lag) and have the further
advantage that they are the data used to forecast growth in other economies. Hence, if the
predicted value of U.S. or German output growth helps explain forecast errors in other
economies, it must be that the internal WEO projections were not fully utilized in producing a
forecast for those other economies.
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predictors. Oil prices are an obvious choice because they are an important
determinant of economic growth and inﬂation in a number of economies. The
global current account discrepancy is constructed as the sum total of current
accounts across all countries scaled by 15 global exports. This ﬁgure should be
equal to zero but may differ from this value owing to measurement errors.
Table 3 shows the outcome of this exercise. Within each region and for
each of the predictor variables the table reports the proportion of t-values
below 2 and above 2, respectively. Results indicative of a failure to fully
account for the predicted U.S. GDP growth should show up in the form of a
proportion of signiﬁcant t-values somewhat higher than 5 percent. There is
also information in the sign of the t-statistic. For GDP growth, a higher
proportion of positive and signiﬁcant values than negative and signiﬁcant tstatistics would reveal a failure to fully account for the spillover of U.S. GDP
growth to other countries.
There are only a few cases where the WEO prediction of U.S. GDP
growth appears to be correlated with the forecast errors. However, the ones
that we ﬁnd are of considerable interest. Indeed, the evidence suggests that,
for the advanced economies, 31 percent of the April current-year forecasts
and 24 percent of the September current-year U.S. GDP forecasts generate a
t-value above 2 and hence predict the forecast errors. This leads to a
signiﬁcantly positive t-statistic for 29 percent of the current-year forecast
revisions in this region. In contrast, there is no evidence that the U.S. GDP
forecast has predictive power over the next-year forecast errors. The only
other instance registering a greater-than-expected proportion of signiﬁcant tvalues is the current-year forecasts for Central and Eastern Europe, where 33
percent of the t-values exceed a value of 2. For many of the countries in this
region, the revision to the current-year forecast that takes place between
April and September is predicted by the U.S. GDP forecast.
Turning to the WEO forecast of German output growth, interestingly
this is positively correlated and signiﬁcant in explaining forecast errors in a
high proportion of countries in CIS and Mongolia (particularly for the nextyear forecast errors) but not to nearly the same extent in other regions.
With a few interesting exceptions—namely, CIS and Mongolia, for which
predicted oil prices are positively correlated with forecast errors in GDP
growth, and Western Hemisphere and advanced economies, for which a
negative correlation emerges—the WEO forecasts of oil prices do not appear
to be overly important in explaining forecast errors in output growth.
Interestingly, the global current account discrepancy is signiﬁcant for
close to 40 percent and 25 percent of the advanced economies in explaining
the April current-year and next-year forecast errors, respectively.
There is evidence that the next-year inﬂation forecast errors are linked to
U.S. GDP forecasts, particularly for countries in Central and Eastern
Europe, CIS and Mongolia, Developing Asia, Western Hemisphere, and the
advanced economies. Once again the WEO forecast of German output
growth is signiﬁcant in explaining the inﬂation forecast error for a very large
proportion of the countries in the CIS and Mongolia region.
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Table 3. Predictability of Forecast Errors in Relation to Current Information Variables
(Fraction of all countries in region with t-values for additional variables above or below indicated threshold)
U.S. GDP Growth
tb^ o  2

tb^ 42

German GDP Growth
tb^ o  2

tb^ 42

Oil Prices
tb^ o  2

Global Current
Account Discrepancy

tb^ 42

tb^ o  2

tb^ 42

Real GDP
0.02
0.00
0.00

0.04
0.33
0.00

0.00
0.00
0.08

0.06
0.07
0.23

0.04
0.00
0.08

0.04
0.13
0.08

0.06
0.00
0.23

0.06
0.20
0.00

0.00
0.08
0.00
0.00

0.05
0.08
0.09
0.31

0.00
0.00
0.06
0.07

0.00
0.00
0.00
0.03

0.00
0.00
0.06
0.07

0.00
0.00
0.06
0.00

0.05
0.00
0.03
0.00

0.10
0.00
0.09
0.38

September current-year forecast errors
Africa
Central and Eastern Europe
CIS and Mongolia
Developing Asia
Middle East
Western Hemisphere
Advanced economies

0.00
0.00
0.00
0.00
0.00
0.00
0.03

0.05
0.08
0.00
0.09
0.00
0.00
0.24

0.05
0.00
0.00
0.18
0.10
0.05
0.07

0.07
0.00
0.08
0.00
0.00
0.00
0.07

0.00
0.00
0.00
0.00
0.10
0.00
0.00

0.12
0.15
0.25
0.00
0.00
0.00
0.03

0.07
0.08
0.33
0.09
0.00
0.05
0.00

0.02
0.15
0.08
0.00
0.00
0.00
0.14

April next-year forecast errors
Africa
Central and Eastern Europe
CIS and Mongolia
Developing Asia

0.00
0.00
0.00
0.00

0.00
0.00
0.08
0.09

0.02
0.07
0.08
0.04

0.02
0.00
0.54
0.04

0.02
0.13
0.00
0.00

0.13
0.07
0.08
0.04

0.06
0.00
0.00
0.04

0.02
0.07
0.00
0.04
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April current-year forecast errors
Africa
Central and Eastern Europe
Commonwealth of Independent States (CIS)
and Mongolia
Developing Asia
Middle East
Western Hemisphere
Advanced economies

0.00
0.03
0.21

0.07
0.06
0.03

0.00
0.09
0.03

0.07
0.06
0.00

0.07
0.06
0.21

0.00
0.00
0.00

0.07
0.00
0.00

0.00
0.09
0.24

September next-year forecast errors
Africa
Central and Eastern Europe
CIS and Mongolia
Developing Asia
Middle East
Western Hemisphere
Advanced economies

0.02
0.00
0.00
0.09
0.07
0.06
0.07

0.00
0.00
0.00
0.04
0.07
0.00
0.00

0.02
0.07
0.00
0.04
0.00
0.06
0.10

0.04
0.00
0.38
0.04
0.07
0.15
0.00

0.02
0.07
0.00
0.00
0.07
0.15
0.21

0.06
0.00
0.00
0.00
0.00
0.00
0.00

0.06
0.07
0.00
0.00
0.07
0.03
0.00

0.06
0.00
0.00
0.04
0.00
0.12
0.03

Current-year forecast revision
Africa
Central and Eastern Europe
CIS and Mongolia
Developing Asia
Middle East
Western Hemisphere
Advanced economies

0.05
0.00
0.00
0.00
0.10
0.00
0.00

0.05
0.36
0.00
0.15
0.10
0.07
0.29

0.05
0.00
0.10
0.08
0.00
0.07
0.04

0.02
0.09
0.50
0.00
0.00
0.00
0.04

0.07
0.00
0.00
0.00
0.00
0.00
0.04

0.00
0.00
0.20
0.00
0.00
0.07
0.00

0.05
0.00
0.00
0.08
0.20
0.13
0.00

0.05
0.00
0.00
0.00
0.00
0.13
0.32

Next-year forecast revision
Africa
Central and Eastern Europe
CIS and Mongolia
Developing Asia
Middle East
Western Hemisphere
Advanced economies

0.07
0.00
0.00
0.00
0.00
0.07
0.04

0.02
0.00
0.00
0.00
0.00
0.00
0.00

0.02
0.11
0.00
0.00
0.00
0.07
0.00

0.07
0.00
0.14
0.08
0.00
0.07
0.04

0.02
0.00
0.00
0.00
0.00
0.20
0.04

0.02
0.11
0.14
0.00
0.00
0.00
0.00

0.02
0.22
0.00
0.17
0.50
0.00
0.00

0.05
0.00
0.00
0.00
0.00
0.00
0.11

0.02
0.00

0.02
0.00

0.06
0.13

0.17
0.00

Inﬂation
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April current-year forecast errors
Africa
Central and Eastern Europe

0.10
0.00

0.08
0.20

0.00
0.07

0.15
0.40
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Middle East
Western Hemisphere
Advanced Economies
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Table 3 (concluded)
0.00
0.00
0.15
0.03
0.00

0.08
0.05
0.00
0.25
0.14

0.00
0.05
0.15
0.00
0.07

0.69
0.30
0.00
0.22
0.03

0.00
0.00
0.00
0.06
0.00

0.00
0.05
0.00
0.03
0.07

0.15
0.00
0.00
0.03
0.21

0.15
0.00
0.15
0.03
0.03

September current-year forecast errors
Africa
Central and Eastern Europe
CIS and Mongolia
Developing Asia
Middle East
Western Hemisphere
Advanced economies

0.02
0.00
0.00
0.00
0.07
0.00
0.03

0.00
0.07
0.00
0.08
0.07
0.18
0.03

0.02
0.07
0.08
0.08
0.21
0.00
0.00

0.12
0.27
0.62
0.08
0.00
0.18
0.10

0.00
0.07
0.00
0.08
0.07
0.00
0.00

0.08
0.07
0.00
0.04
0.00
0.00
0.14

0.02
0.07
0.54
0.04
0.00
0.06
0.07

0.14
0.13
0.08
0.04
0.07
0.00
0.00

April next-year forecast errors
Africa
Central and Eastern Europe
CIS and Mongolia
Developing Asia
Middle East
Western Hemisphere
Advanced economies

0.00
0.00
0.00
0.13
0.14
0.00
0.07

0.08
0.33
0.23
0.30
0.14
0.30
0.17

0.00
0.00
0.00
0.17
0.07
0.00
0.24

0.15
0.33
0.92
0.26
0.00
0.27
0.14

0.06
0.00
0.00
0.00
0.00
0.06
0.03

0.06
0.00
0.00
0.04
0.00
0.12
0.00

0.04
0.00
0.00
0.09
0.00
0.09
0.00

0.06
0.00
0.00
0.09
0.07
0.06
0.00

September next-year forecast errors
Africa
Central and Eastern Europe

0.00
0.00

0.12
0.33

0.02
0.00

0.12
0.47

0.06
0.07

0.06
0.00

0.02
0.00

0.06
0.00
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CIS and Mongolia
Developing Asia
Middle East
Western Hemisphere
Advanced Economies

0.00
0.08
0.07
0.00
0.07

0.23
0.25
0.07
0.27
0.17

0.00
0.17
0.14
0.00
0.21

0.77
0.25
0.00
0.27
0.10

0.00
0.00
0.00
0.06
0.00

0.00
0.04
0.00
0.06
0.03

0.08
0.13
0.00
0.15
0.00

0.08
0.00
0.07
0.06
0.00

Current-year forecast revision
Africa
Central and Eastern Europe
CIS and Mongolia
Developing Asia
Middle East
Western Hemisphere
Advanced economies

0.04
0.00
0.00
0.00
0.07
0.00
0.00

0.08
0.13
0.08
0.08
0.07
0.06
0.10

0.00
0.13
0.00
0.00
0.07
0.00
0.10

0.08
0.27
0.54
0.04
0.07
0.06
0.07

0.04
0.00
0.00
0.13
0.00
0.03
0.00

0.08
0.00
0.00
0.08
0.07
0.09
0.03

0.04
0.13
0.00
0.00
0.00
0.00
0.07

0.02
0.07
0.31
0.04
0.00
0.03
0.03

Next-year forecast revision
Africa
Central and Eastern Europe
CIS and Mongolia
Developing Asia
Middle East
Western Hemisphere
Advanced economies

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.04
0.13
0.15
0.04
0.00
0.00
0.07

0.06
0.00
0.00
0.09
0.07
0.15
0.00

0.04
0.00
0.23
0.04
0.14
0.03
0.10

0.02
0.00
0.00
0.04
0.00
0.06
0.00

0.12
0.00
0.00
0.04
0.21
0.12
0.03

0.02
0.07
0.00
0.00
0.07
0.00
0.00

0.02
0.00
0.23
0.04
0.00
0.03
0.00

Source: Author’s calculations.
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CIS and Mongolia
Developing Asia
Middle East
Western Hemisphere
Advanced economies

Allan Timmermann

Output Gap
The output gap—measured as the difference between actual and potential
GDP—plays an important role in the WEO forecasts. Implicit in these is an
assumption that the output gap is eliminated after 5 years. If this assumption
is unrealistic and leads to biased forecasts, then one would expect that the
predicted value of the output gap itself would be accountable for forecast
errors. For example, if it takes longer to eliminate the output gap than
assumed in the WEO, then the WEO will tend to overpredict forecasts for
countries with large output gaps.
We have data on output gaps for the 29 advanced economies. For each of
these, we regress the forecast error on an intercept and on the predicted
output gap whose timing corresponds to the forecast with which it gets
matched.
Table 4 presents the results in the form of t-statistics for current- and
next-year forecast errors and forecast revisions. A pattern that stands out for
the GDP forecasts is that the signs of the estimated t-values predominantly
are negative. About 15 percent of the t-statistics exceed 2 in absolute value.
The large negative t-statistics for Germany, France, and Italy are particularly
interesting because, as we shall see subsequently, these were also economies
for which the WEO output growth forecasts were systematically biased
upward during the period. This ﬁnding suggests that the reduction in the
output gap assumed in computing the WEO forecasts could lead to
overpredictions: All three economies had large output gaps during the
1990s, as did Japan—the output gap averaged 1.63, 1.99, 2.30, and
4.16 for France, Germany, Italy, and Japan, respectively. These were
among the highest output gaps in the 29 countries. An assumption in the
WEO forecasts that these output gaps would be reduced too fast might lead
to a greater prediction of output growth and hence to an upward bias in the
forecast.
The sign of the regression coefﬁcient of the output gap is predominantly
positive in the case of the inﬂation forecast errors, that is, the opposite of the
sign of what was found for the GDP forecasts. Hence, the larger the output
gap—that is, the greater an economy’s unused capacity—the more the WEO
tends to underpredict inﬂation. This effect can be quite large and is
borderline signiﬁcant for countries such as France, Germany, and Korea.
Finally, turning to the regression results for the current account, there are
many instances with large and signiﬁcant predictability from the output gap
over subsequent forecast errors, although the sign of the regression
coefﬁcient varies quite a bit. Countries for which a signiﬁcant degree of
predictability is found include Hong Kong SAR, Japan, the Netherlands,
Singapore, and Sweden.
VI. Revisions from Board to Published Forecasts
WEO forecasts are published twice a year, in April and September. Several
rounds of forecast revisions precede the published version. A ﬁrst set of
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Table 4. Output Gaps and the Predictability of Forecast Errors in Advanced
Economies
(Value of t-statistics for the coefﬁcient of the output gap in forecast efﬁciency regression)
Current-Year

Next-Year

Forecast Revisions

April September April September Current-year Next-year

Australia
1.64
Austria
1.56
Belgium
2.01
Canada
0.58
Cyprus
0.02
Denmark
1.67
Finland
0.17
France
2.32
Germany
2.59
Greece
1.79
Hong Kong SAR
1.75
Iceland
1.72
Ireland
0.31
Israel
1.46
Italy
1.97
Japan
0.31
Korea
1.19
Luxembourg
1.14
Netherlands
0.14
New Zealand
1.21
Norway
1.45
Portugal
0.61
Singapore
0.75
Spain
0.79
Sweden
2.03
Switzerland
0.54
Taiwan Province of China 0.73
United Kingdom
1.57
United States
0.32

0.91
1.41
1.51
0.53
0.02
0.25
0.04
1.77
0.11
0.62
0.01
1.13
0.84
0.98
4.05
1.40
1.74
0.70
0.05
0.67
2.99
0.24
0.69
1.02
0.38
2.38
0.55
0.67
1.02

0.03
1.09
1.35
0.53
0.00
1.20
0.30
1.73
4.44
0.17
2.30
0.96
0.36
1.43
3.14
2.63
1.98
1.11
1.26
0.55
0.53
0.68
3.08
0.19
1.33
0.69
0.83
0.21
0.62

Real GDP
0.91
1.34
1.54
0.22
0.00
0.85
0.09
2.42
2.19
0.29
4.08
0.62
0.93
1.57
2.30
0.62
2.32
0.93
0.36
0.47
0.21
0.11
2.67
0.14
2.63
0.02
1.26
0.82
0.07

2.69
1.10
0.73
0.28
0.44
3.02
0.42
1.53
2.43
0.25
1.23
0.75
0.69
0.42
1.38
0.17
0.37
0.08
0.32
1.21
0.37
0.42
0.33
0.54
1.65
0.28
0.85
1.76
0.95

1.91
0.24
0.13
0.04
0.76
2.11
0.25
0.87
1.34
0.20
0.99
0.18
0.68
0.26
1.32
0.47
0.69
0.69
0.63
0.53
0.32
0.96
0.48
0.14
1.73
0.54
0.42
0.42
1.21

0.31
0.35
1.13
0.68
0.90
0.29
2.26
1.80
1.07
0.07
0.07
0.72
1.23

0.27
0.28
1.84
0.74
4.18
1.08
2.17
1.34
1.71
0.08
0.01
1.60
0.67

0.32
0.06
1.34
0.99
0.00
0.59
0.77
1.69
0.65
1.42
0.93
1.55
2.31

Inﬂation
0.06
0.86
0.71
2.34
0.00
0.39
1.81
2.91
1.42
0.42
1.00
0.97
1.48

0.09
0.28
0.93
1.22
0.71
0.42
1.60
1.14
1.11
0.16
0.07
1.21
1.52

0.23
0.32
0.25
0.82
0.21
0.00
0.37
0.44
0.12
0.30
0.81
0.51
1.38

Australia
Austria
Belgium
Canada
Cyprus
Denmark
Finland
France
Germany
Greece
Hong Kong SAR
Iceland
Ireland
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Table 4 (concluded)
Current-Year

Next-Year

Forecast Revisions

April September April September Current-Year Next-Year
Israel
1.77
Italy
0.11
Japan
1.54
Korea
1.58
Luxembourg
0.19
Netherlands
1.86
New Zealand
1.14
Norway
0.05
Portugal
1.89
Singapore
0.37
Spain
0.12
Sweden
0.64
Switzerland
1.19
Taiwan Province of China 2.19
United Kingdom
1.24
United States
0.12

0.41
1.31
1.09
3.15
0.26
1.21
0.22
0.64
1.24
0.74
0.45
0.25
0.57
1.45
0.15
0.18

1.53
1.29
0.13
1.33
0.28
3.16
0.53
1.18
2.16
0.57
0.30
1.30
0.65
0.92
0.40
0.99

0.40
0.52
0.52
2.08
0.15
3.39
0.19
2.09
1.11
0.08
0.18
0.34
1.78
0.53
0.21
0.11

1.63
0.59
2.64
2.07
0.06
1.01
0.81
0.93
0.57
0.20
0.70
0.47
1.40
1.47
2.27
0.26

1.23
0.99
0.06
0.78
0.55
0.27
0.54
0.51
0.85
1.30
0.12
0.54
0.56
0.09
0.09
0.99

Source: Author’s calculations.

predictions is presented to the IMF board in February and July each year,
preceding the April and September WEO publications. To assess the
informational value of forecast revisions that occur between the Board
version and the published version, we obtained data on Board forecasts of
current-year GDP growth in February and next-year board forecasts of GDP
^July
growth reported in July. We refer to these forecasts as y^Feb
t;t and y
tþ1;t ;
respectively. Further, let the forecast revisions from the board to the
pubBoard
pubBoard
published WEO forecasts be given by revt;t
and revtþ1;t
. If the
revisions occurring between the board and published forecasts contain useful
information, we should expect that they help predict the errors in the
Board
^July
¼ yt  y^Feb
original board forecasts, deﬁned as eBoard
t;t
t;t and etþ1;t ¼ ytþ1  y
tþ1;t .
We test this proposition through the regressions
eBoard
¼ a þ brevpubBoard
þ et ;
t;t
t;t
(9Þ
pubBoard
eBoard
þ etþ1 :
tþ1;t ¼ a þ brevtþ1;t

If the revisions incorporated in the published WEO forecasts do not add any
value to the original board forecast, then we should expect to ﬁnd
b-coefﬁcients near zero. Conversely, we would expect to ﬁnd signiﬁcant
and positive values of b and nonzero R2-values in case the revisions contain
valuable information. Estimation results based on Equation (9) are reported
in Table 5. The current-year forecast errors for the advanced economies
reveal strong evidence that the board-to-publication revision contains
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Table 5. Real GDP: Signiﬁcance of Forecast Revisions After Executive Board
Meeting
(Average across regions except for fractions)
Fractions of

tb^ 42

b
b
Coefﬁcients>0

R2

Mean
Squared
Error Ratio

0.00
0.00
0.00

0.13
0.07
0.15

0.81
0.60
0.54

0.11
0.09
0.07

0.83
0.85
0.48

0.00
0.00
0.00
0.00

0.15
0.00
0.13
0.52

0.50
0.62
0.53
0.90

0.16
0.03
0.08
0.23

0.72
0.77
0.64
0.81

September current-year forecast errors
Africa
0.00
Central and Eastern Europe
0.00
CIS and Mongolia
0.00
Developing Asia
0.00
Middle East
0.00
Western Hemisphere
0.00
Advanced economies
0.00

0.07
0.23
0.33
0.27
0.60
0.38
0.41

0.41
0.69
0.67
0.55
0.80
0.67
0.83

0.07
0.14
0.18
0.15
0.36
0.24
0.27

0.55
0.69
0.67
0.43
0.75
0.74
0.72

April next-year forecast errors
Africa
Central and Eastern Europe
CIS and Mongolia
Developing Asia
Middle East
Western Hemisphere
Advanced economies

0.00
0.13
0.00
0.00
0.07
0.03
0.03

0.10
0.00
0.00
0.04
0.00
0.12
0.14

0.63
0.27
0.38
0.48
0.43
0.52
0.62

0.08
0.14
0.04
0.07
0.07
0.08
0.12

0.92
0.77
0.36
0.63
1.64
0.66
0.95

September next-year forecast errors
Africa
0.04
Central and Eastern Europe
0.00
CIS and Mongolia
0.00
Developing Asia
0.04
Middle East
0.00
Western Hemisphere
0.03
Advanced economies
0.00

0.04
0.07
0.00
0.17
0.14
0.06
0.07

0.38
0.60
0.38
0.48
0.57
0.45
0.59

0.06
0.08
0.01
0.15
0.09
0.09
0.07

0.81
0.63
0.55
0.74
0.73
0.80
0.90

T-values
tb^ o  1
April current-year forecast errors
Africa
Central and Eastern Europe
Commonwealth of
Independent States (CIS)
and Mongolia
Developing Asia
Middle East
Western Hemisphere
Advanced economies

Source: Author’s calculations.
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valuable information that not only is signiﬁcantly correlated with the forecast
error for about 50 percent of the countries but has the required positive sign
for between 80 and 90 percent of the countries. The large R2-value of about
0.25 is further testimony to this effect and suggests that 25 percent of the
current-year February or July forecast error can be explained by the revision
between the board and published versions.
Much lower levels of signiﬁcance are obtained for the next-year forecasts,
for which, in the case of the advanced economies, close to 60 percent of the
b-estimates are positive and only 14 and 7 percent (for April and September
forecast respectively) of the coefﬁcients exceed 2. Furthermore, the average
R2-value now declines to a level near 0.10.
The R2 values do not in themselves quantify the degree of improvement
in the WEO forecast from the board to the published version. A better

PT  Apr 2
measure of this is the ratio of MSE-values based on
t¼1 et;t








2
2
2
2
PT
PT
PT
PT
Sep
Board
Board
Board
e
:
e
and
e
e
, where
t;t
t;t
tþ1;t
t¼1
t¼1
t¼1
t¼1
tþ1;t
T is the sample size. The ﬁnal column in Table 5 shows these ratios. Values
below unity indicate that the WEO forecast gets more precise from the board
to the published version and the extent to which the ratio is below unity is a
measure of the improvement. For the February/April same-year forecasts,
the average ratio is about 0.80 for the advanced economies. This declines to a
value near 0.70 for the July/September same-year forecasts, but is closer to
0.95 for the next-year forecasts. These values suggest that much valuable
information is learned about current-year economic growth between the time
the board forecast is reported and the time of the ofﬁcial publication. Far less
information is learned about next-year economic growth between these dates,
as witnessed by the R2-values near 0.95.
Turning to the countries outside the advanced economies region, in
general the percentage of positive coefﬁcients in the board-to-publication
revision regressions in Equation (9) is somewhat lower, as is the fraction of
estimates that is statistically signiﬁcant. In fact, only about 10–15 percent and
5–10 percent of the current-year and next-year coefﬁcient estimates generate
positive t-values that exceed 2. Interestingly, the MSE ratio tends to be
somewhat lower than was found for the advanced economies, especially for
the next-year forecasts, suggesting a signiﬁcant improvement in the next-year
forecasts between the board and the published forecasts for the other regions.
VII. Comparison of WEO and Consensus Forecasts
A comparison of forecasts to subsequent outcomes—which we have done
thus far—is an important exercise, or reality check, that allows us to test
whether basic efﬁciency properties are satisﬁed by the forecasts. This exercise
clearly has its limitations, however. For example, it is not evident what
constitutes a good forecast in absolute terms. Some series may be intrinsically
very difﬁcult to predict (inﬂation comes to mind) because they are affected by
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large exogenous shocks and/or shifts in economic policy whose effects are
difﬁcult to predict in advance. Conversely, a forecast can be very
uninformative but lead to errors that do not appear to violate efﬁciency
properties, such as unbiasedness and absence of serial correlation.
To address this issue, as Juhn and Loungani (2002) emphasize, it is very
informative to compare the WEO forecasts to alternative forecasts such as
those produced by a highly reputed source, such as the consensus forecasts.
Forecasters included in the consensus survey faced similar difﬁculties as the
WEO forecasters—for example, the higher-than-expected productivity
growth for the U.S. economy or the absence of large, global inﬂationary
shocks during most of the 1990s—and therefore serve as a yardstick against
which the WEO forecasts can be measured.
Consensus Data
To investigate the relative performance of the WEO and consensus forecasts,
we obtained consensus forecast data on GDP growth, inﬂation, and the
current account balance over the period 1990–2003. The data cover all the
G-7 economies, seven Latin American economies (Argentina, Brazil, Chile,
Colombia, Mexico, Peru, and Venezuela), and nine Asian economies (China,
Hong Kong SAR, India, Indonesia, Korea, Malaysia, Singapore, Taiwan
Province of China, and Thailand).
In the baseline scenario, consensus forecasts are measured in March (in
the case of the current-year forecasts) and September (in the case of next-year
forecasts) except for the Latin American economies, for which data coverage
is limited for these months. For this reason, the February and August
consensus forecasts were used for these economies. The consensus forecast is
computed as the mean forecast across participants in a given monthly survey.
We shall refer to the March current-year consensus forecast as y^cons
t;t ; the
.
Although
September next-year consensus forecast is denoted as y^cons
tþ1;t
consensus forecasts are now available on a monthly basis, the March and
September consensus forecasts are the forecasts that are based on
information whose timing is most similar to the WEO April current-year
) and September next-year (^
yWEO
(denoted y^WEO
t;t
tþ1;t ) forecasts, so this
comparison was deemed most appropriate for measuring the information
content of the two sets of forecasts. For completeness we shall later report the
outcome of a sensitivity analysis that changes the timing of the consensus
forecasts for each G-7 country.
Statistical Tests of Forecasting Performance
To evaluate the relative performance of the two sets of forecasts, the left
panel of Table 6 shows the ratio of consensus over WEO root-mean-squared
forecast errors (RMSFE). Values lower than 1 suggest that the consensus
forecast performed best over the sample, whereas values greater than 1
suggest that the WEO forecasts were better.
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Table 6. Comparison of WEO and Consensus Forecasts: Ratios of Root-Mean-Squared Forecast Errors1
(Consensus over World Economic Outlook)
Consensus Measured in March/September
GDP

Consensus Measured in February/August

Inﬂation

GDP

Consensus Measured in April/October

Inﬂation

GDP

Inﬂation

NextYear

CurrentYear

NextYear

CurrentYear

NextYear

CurrentYear

NextYear

CurrentYear

NextYear

CurrentYear

NextYear

Group of seven countries
Canada
France
Germany
Italy
Japan
United Kingdom
United States

0.992
1.150
1.092
0.944
1.053
1.184
1.026

0.977
0.948
0.906
1.014
0.926
1.024
0.965

0.945
1.088
1.155
0.995
1.081
1.194
0.962

1.267
1.074
0.986
0.783
0.785
0.924
1.017

1.167
1.349
1.202
0.987
1.128
1.291
1.158

0.965
1.024
0.957
1.066
0.973
1.069
1.031

1.273
1.274
1.321
1.202
1.097
1.419
1.056

1.342
1.103
1.013
0.891
0.858
1.018
1.045

0.909
0.986
1.071
0.899
0.972
1.064
0.937

0.967
0.849
0.796
0.832
0.873
0.940
0.958

0.864
1.003
1.060
0.854
0.886
0.989
0.789

1.218
0.973
0.917
0.891
0.656
0.996
0.922

Latin America
Argentina
Brazil
Chile
Colombia
Mexico
Peru
Venezuela

1.036
1.121
1.098
1.127
1.107
1.272
1.100

0.998
1.085
1.014
1.186
0.988
0.990
0.963

3.333
1.599
1.289
1.482
1.207
1.366
1.617

0.909
0.754
0.787
0.912
0.995
1.922
0.928

1.036
1.121
1.098
1.127
1.107
1.272
1.100

0.998
1.085
1.014
1.186
0.988
0.990
0.963

3.333
1.599
1.289
1.482
1.207
1.366
1.617

0.909
0.754
0.787
0.912
0.995
1.922
0.928

0.838
1.001
1.061
1.063
0.888
1.218
0.951

0.910
0.937
0.835
1.013
0.969
0.893
0.885

4.198
0.762
1.280
1.280
1.333
1.345
1.153

0.795
0.689
0.743
0.867
0.999
1.656
0.953

0.915
0.988
1.153
0.951
0.958
0.941
0.982
1.105

0.853
1.096
1.066
1.011
0.963
1.005
1.042
0.979

1.522
0.910
1.378
1.610
1.106
0.767
1.071
0.943

1.246
0.820
0.935
1.001
0.786
0.716
1.042
1.005

0.916
1.089
1.087
1.109
1.027
1.040
1.026
1.109

0.889
1.061
1.036
1.068
0.965
1.062
1.033
0.969

1.439
0.802
1.045
0.855
0.884
0.918
0.973
0.863

1.138
0.783
1.031
0.977
0.855
0.715
1.007
0.977

0.908
0.970
1.071
0.852
0.876
0.883
0.930
1.067

0.863
1.061
1.049
0.961
0.978
0.967
1.034
0.982

1.618
0.977
1.282
1.997
0.979
0.757
1.115
0.900

1.299
0.914
0.974
1.010
0.950
0.683
1.052
1.082

0.954

0.902

0.932

1.110

1.034

0.927

0.900

0.998

0.896

0.859

0.922

1.198

Asia
China
Hong Kong SAR
India
Indonesia
Korea
Malaysia
Singapore
Taiwan Province of
China
Thailand

Source: Author’s calculations.
1
Values greater than one indicate a better performance by the WEO forecasts, while values less than one indicate better performance by the consensus
forecasts.
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Current-year GDP forecasts produced by the WEO are on average better
than the consensus forecasts for the G-7 and Latin American economies,
because the RMSFE ratio exceeds unity for ﬁve of seven G-7 countries and
for all Latin American countries—although it should be borne in mind that
the current- and next-year forecasts for the latter countries are measured in
February and August, respectively. In contrast, the consensus forecasts are
better for the Asian economies, because only two of nine current-year
RMSFE ratios exceed unity. Turning to the next-year GDP values, the
performance of the two sets of forecasts is very similar, with RMSFE ratios
between 0.90 and 1.10 in all but two cases. One notable exception is China,
for which the WEO forecast is notably worse than the consensus forecast, as
witnessed by the RMSFE ratio of 0.85.
The WEO current-year inﬂation forecasts perform quite well relative to
the consensus values in all three regions, particularly in Latin America.
Conversely, next-year inﬂation forecasts produced by the consensus survey
are generally better than the WEO next-year forecasts for Latin America
(with the exception of Peru). The two sets of forecasts are of similar quality
for the G-7 and Asian economies.
Unsurprisingly, given the small samples, few cases produce signiﬁcant
test statistics when they are evaluated using a Diebold-Mariano (1995) test. It
is interesting to note, however, that the WEO performs better than the
consensus in a greater number of cases than vice versa, particularly when it
comes to current-year forecasts. The WEO current-year GDP forecast is best
for the United Kingdom, Colombia, Mexico, and India, whereas the WEO
next-year forecast is more accurate for Thailand. Current-year WEO
inﬂation forecasts for Argentina, Venezuela, and China surpass their
consensus counterparts, but the opposite holds true for next-year inﬂation
forecasts for Italy, Japan, Brazil, Malaysia, and Korea.
Timing of Consensus Forecasts
The information sets underlying the consensus and WEO forecasts are not
perfectly aligned, so it is worthwhile to investigate the sensitivity of the
(relative) performance of the two sets of forecasts to changes in the dating.
We do so in two ways. First, we compare the published (April/September)
WEO forecasts to the consensus forecasts reported in February and August,
respectively. This timing clearly beneﬁts the WEO forecasts, which can
embody more up-to-date information than is available in February or
August. We also reverse the informational advantage by comparing the
WEO forecasts to the April/October consensus forecasts, which embody
more recent information than the WEO forecasts.
If the consensus and WEO forecasters update their predictions
reasonably efﬁciently, we would expect that the consensus/WEO RMSFE
ratios should be higher than when the consensus forecasts are based on the
February/August information. Conversely, we would expect to see lower
values when using the April/October consensus forecasts.
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Table 6 also presents RMSFE ratios when the current- and next-year
consensus forecasts are the ones published in February/August or in April/
October. The February consensus GDP current-year forecasts generate
higher RMSFE values than the WEO forecasts for six, seven, and eight of the
G-7, Latin American, and Asian economies, respectively. On the other hand,
the WEO next-year GDP forecasts surpass the consensus forecasts only in
roughly half of the cases, despite the latter’s use of outdated information
relative to the WEO forecasts.
The WEO current-year inﬂation forecasts are most precise when
measured against the February consensus forecasts for the G-7 countries
and Latin America. Surprisingly, however, for seven out of nine Asian
economies, the current-year February consensus inﬂation forecasts are better
than the WEO forecasts despite their informational disadvantage.
Furthermore, the next-year WEO inﬂation forecasts do not measure up
well against the February consensus forecasts. Finally, the WEO forecasts of
the current account generally perform well compared with the February
consensus forecasts of this variable.
Turning to the performance of the April/October consensus forecasts
compared with the WEO forecasts, it is clear that the consensus forecasts
excel in the majority of cases, the only exception being the current-year
forecasts of inﬂation in Latin America.
VIII. Conclusion
This paper has undertaken a wide-ranging set of tests to assess several issues
in relation to the performance of the WEO forecasts since 1990. In particular,
it has addressed (1) how precise the WEO forecasts were when measured
against actual outcomes; (2) whether there were simple ways to improve on
these forecasts—in particular, whether spillover effects from major
economies, such as the United States and Germany, are accounted for in
all forecasts; and (3) how well the WEO forecasts performed relative to the
consensus forecasts.
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G

lobalization has many meanings. For our purposes, globalization can
be characterized as the rapid increase in international trade spurred
by advances in technology that have decreased the cost of trade, where the
latter is broadly deﬁned to include not just the cost of transportation but also
the cost of search, information, communication, and so on. Globalization is
sometimes caricatured by the phrase ‘‘the world is getting smaller,’’ implying
that it is mainly about the exchange of ideas, information, and products
between countries previously thought of as being distant, rather than
exchange between nearby countries. With technological advances such as the
Internet, for example, the cost for an importer or manufacturer to obtain
information about possible suppliers on the other side of the globe has
declined substantially. Today it is virtually costless to call anywhere in the
world using Internet long-distance facilities, whereas as recently as in 1990
the cost of a 3-min telephone call from New York to London was $3.32 and
in 1930 it was $244.65. So globalization is closely associated with the notion
that distances are less a barrier now than before.
It seems intuitive, therefore, that globalization would be reﬂected in the
estimated coefﬁcients on distance in the gravity model because distance is a
proxy for all trade-related costs. As these costs have declined over time, so
too, it would seem, should the estimated distance coefﬁcients. But the
distance coefﬁcient in theoretical gravity models is a function of the ratio of
the marginal cost of trade with respect to distance to the average cost of
trade, rather than a simple function of trade costs. This means that even if
globalization is a reﬂection of declining trade costs, this fact alone has no
implication for the estimated coefﬁcients on distance in gravity models: the
estimated coefﬁcients on distance would decline only if marginal costs have
fallen faster than average costs. Although the available data on the evolution
of trade costs do not distinguish between marginal and average costs, we
argue that there is an a priori reason to believe that the marginal cost of trade
with respect to distance has fallen faster than average costs. We also provide
indirect support for this a priori argument with empirical evidence suggesting
that changes in the estimated distance coefﬁcients reﬂect movements mainly
in marginal costs rather than in ﬁxed costs.
Most empirical gravity models show no evidence of a declining distance
coefﬁcient. Equations estimated on 1970s or 1980s data, or even on data for
earlier periods, look pretty much the same as those estimated on more recent
data. Leamer and Levinsohn (1997, pp. 1387–88) summarize the empirical
evidence: ‘‘y it seems appropriate to mention that the effect of distance on
trade patterns is not diminishing over time. Contrary to popular impression,
the world is not getting dramatically smaller.’’ We refer to this wellestablished empirical result of a relatively stable distance coefﬁcient as the
missing globalization puzzle.
This paper takes a fresh look at globalization in the context of the gravity
model. We make contributions in three areas. First, we show that a nonlinear
speciﬁcation of the gravity model has important advantages over the
standard log-linear speciﬁcation, most notably the ability to include

35

©International Monetary Fund. Not for Redistribution

David T. Coe, Arvind Subramanian, and Natalia T. Tamirisa

observations where bilateral trade is zero, as emphasized by recent research
(Anderson and van Wincoop, 2004; Helpman, Melitz, and Rubinstein, 2007;
and Silva and Tenreyro, 2006). Second, we present nonlinear and log-linear
results based on the standard speciﬁcation of the gravity model in the
literature and on the speciﬁcation proposed by Anderson and van Wincoop
(2003). And third, we estimate the gravity model on panel data based on a
number of estimation procedures in addition to the nonlinear speciﬁcation
that also incorporate the information in the zero observations.
We ﬁnd evidence of globalization. Our nonlinear estimates of the gravity
model on cross-section data show a trend decline in the absolute value of the
estimated coefﬁcients on distance and on some other variables related to
geography. And most of our panel nonlinear estimates conﬁrm a statistically
signiﬁcant decline in these estimated distance coefﬁcients. In addition, the
magnitudes of the estimated distance coefﬁcients in our preferred nonlinear
speciﬁcations are closer to theoretical priors than are those in the literature. We
also conﬁrm that the standard log-linear speciﬁcation does not yield evidence
of globalization. This, together with our panel results based on alternative
estimation procedures, suggests that the source of our differences with the
existing literature is the ability of our nonlinear speciﬁcation to include
observations where bilateral trade is zero. The standard log-linear speciﬁcation
arbitrarily excludes these observations, resulting in potentially biased and
inconsistent parameter estimates, and is very sensitive to various ad hoc
methods used in the literature to deal with the ‘‘problem’’ of zero observations.
I. Globalization and the Gravity Model
In its simplest form (Deardorff, 1998), the gravity model relates bilateral
trade to the economic mass of the two countries and barriers to trade:
Tradeij ¼ ðYi Yj Þa Cijy ;

(1Þ

where Tradeij is trade between country i and country j, Y is GDP, and
Cij is barriers to trade. Time subscripts are omitted for simplicity. Trade is
expected to be negatively related to trade barriers (yo0) and positively
related to economic mass (a>0), with theoretical derivations indicating a
unitary elasticity of trade with respect to economic mass (a ¼ 1).1
Our focus is on trade barriers, which can be expressed in general form as
Cij ¼ Cij ðdij ; mij ; fi ; fj ; fij Þ;

(2Þ

where dij is costs related to distance between the trading partners, for
example, communication and transportation costs, which can be proxied by
how far the two countries are from each other, whether they share a common
border, and how large each country is; mij is costs determined by the nature
of the goods traded, which are typically not modeled explicitly but instead
1
We omit for simplicity the constant of proportionality in Equation (1); it is incorporated
in the barriers to trade function below.
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captured in the constant term (Rauch, 1999); and fi, fj, and fij are other
country-speciﬁc and country-pair-speciﬁc costs affecting trade, such as
tariffs, cultural and legal barriers or similarities, port handling, and customs
veriﬁcation.
One aspect of distance emphasized in theoretical derivations of the
gravity model is the distance of the two trading partners relative to the rest of
the world (Deardorff, 1998; and Anderson and van Wincoop, 2003). The
more remote a pair of countries is from the rest of the world, the lower the
cost of trading with each other. As a proxy for these costs, Wei (1996) and
Frankel and Wei (1998) propose a measure of remoteness deﬁned as the
GDP-weighted distance to all other trade partners:
X
wj Dij ;
(3Þ
Ri ¼
j

where DP
ij is the geographical distance between country i and country j, and
wj ¼ Yj/ iYi for all i; the calculation is done for iaj, and similarly for
country j. Anderson and van Wincoop (2003) have recently proposed an
alternative proxy for these relative costs, which they call ‘‘multilateral
resistance.’’ The multilateral resistance terms, which are functions of
unobserved equilibrium price indices, are estimated by Anderson and van
Wincoop through a nonlinear iterative procedure, but they note that a more
straightforward approach is to estimate the gravity model with ﬁxed effects—
the approach we adopt below. Although Anderson and van Wincoop
question the theoretical basis for other measures of relative distance,
Harrigan (2003) argues that both the standard remoteness variable and the
Anderson and van Wincoop approach are valid. Without taking a position
on this issue, we present results based on both approaches for completeness
and to facilitate comparisons with the literature.
Distance-related costs can also be viewed as the opportunity costs of
domestic transactions vs. international transactions, suggesting that a
measure of geographical size should be included as a proxy for ‘‘internal’’
distance. Obvious measures of country size include land mass and
population. For larger countries, the cost of trading with themselves rather
than with other countries is relatively low compared with the cost in smaller
countries (Frankel, 1997). This implies that large, more self-sufﬁcient
countries will tend to trade less than small countries. Or, alternatively, that
poorer countries—countries with larger populations for a given level of
GDP—trade less than richer countries.
In line with the theoretical derivation, we specify the trade barrier
function of Equation (2) in exponential form:
0

0

0

0

0

0

0

Cij ¼ Dbij ðRi Rj Þg ðPi Pj Þd ek þl Aij þj Lij þs Fij ;

(4Þ

where Dij is the geographical distance between countries i and j, R is
remoteness, P is population, k 0 is a constant, Aij is a dummy variable equal to 1
if countries i and j share a common border and equal to zero otherwise, Lij is a
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dummy variable equal to 1 if countries i and j share a common language, and
Fij is a dummy variable equal to 1 if countries i and j are members in the same
free-trade agreement.2 We expect b 0 , d 0 >0 and g 0 , l 0 , j 0 , s 0 o0. An alternative
trade barrier function includes ﬁxed effects rather than remoteness, as proposed
by Anderson and van Wincoop (2003).
Substituting Equation (4) into Equation (1) yields the following gravity
equation:
Tradeij ¼ ðYi Yj Þa Dbij ðRi Rj Þg ðPi Pj Þd ekþlAij þjLij þsFij ;

(5Þ

where parameters b, g, l, j, and s are the products of y (o0) and the
respective parameters in Equation (4); b, do0; and g, l, j, s>0.
The elasticity of trade with respect to distance (b) subsumes the elasticity
of trade costs with respect to distance (b 0 ) along with the elasticity of trade
with respect to trade costs (y). Assuming a representative consumer
maximizing a homothetic utility function, it can be shown that the
elasticity of trade with respect to trade costs (y) depends on the elasticity
of substitution between all goods (x): y ¼ (1x) (Deardorff, 1998; and
Anderson and van Wincoop, 2003). Then, the coefﬁcient on distance in a
gravity equation (b) can be written as the product of the elasticity of trade
costs with respect to distance (b 0 ) and the elasticity of trade with respect to
trade costs (1x): b ¼ b 0 (1x). From Equation (4), the elasticity of trade
costs with respect to distance (b 0 ) is the ratio of marginal costs to average
costs. The estimated coefﬁcient on distance in the gravity model (b) then can
be written as

qCij Cij
b ¼ ð1  xÞ
¼ ð1  xÞMCij =ACij :
(6Þ
qDij Dij
How would the estimated coefﬁcient on distance in the gravity model be
expected to change over time? Assuming that consumer preferences and other
parameters are stable over time, whether the distance coefﬁcient falls or rises
depends on whether marginal costs fall more or less than average costs over
time. If marginal costs have declined more than average costs, the distance
coefﬁcient (b) in the gravity model should decline over time, and vice versa.
The sign of this comparative static result is theoretically indeterminate
because both marginal and average costs with respect to distance can be
expected to decline with technological advancements in transportation and
communication.
Unfortunately, the empirical evidence on trade-related costs does not
distinguish between marginal and average costs, or between ﬁxed and
variable costs (Hummels, 1999a and 1999b and 2001; IMF, 2002; and
2

Another candidate is a dummy variable for members of currency unions. Exploratory
regressions indicate that exclusion of a currency union dummy has little effect on our
estimated distance coefﬁcients.
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Anderson and van Wincoop, 2004). However, there is an a priori reason to
believe that marginal costs with respect to distance have declined more than
average costs. Theoretical gravity models imply that the complete elimination
of trade costs would make distance irrelevant.3 This means that the estimated
distance coefﬁcients would go to zero as the cost of trade goes to zero. From
Equation (6), this can happen only if marginal costs go to zero faster than
average costs. This limit result implies that the decline in trade costs
associated with globalization should be reﬂected in declines over time in the
(absolute value of) estimated coefﬁcients on distance and other variables
related to geography in empirical gravity models. Given that trade costs
remain large (Anderson and van Wincoop, 2004)—that is, distance is not
dead—any decline over the past few decades would be expected to be
gradual, leaving the estimated distance coefﬁcients signiﬁcantly different
from zero.
As noted, however, a key result from the empirical literature on gravity
models, which are typically estimated on cross-country data for different time
periods, is that the estimated coefﬁcients on distance have been remarkably
stable or even increasing over time, with most estimates varying between
0.5 and 1.0 or higher (Frankel, 1997; Frankel and Wei, 1998; Helliwell,
1998; Soloaga and Winters, 2001; Frankel and Rose, 2002; and Berthelon
and Freund, 2004).4 In their survey of the literature, Leamer and Levinsohn
(1997) note that this result of a stable distance coefﬁcient appears to be
inconsistent with globalization.
A recent paper by Brun and others (2005) has looked again at this issue. By
incorporating an augmented trade cost function that includes the cost of oil into
their gravity model, they are able to reverse a rising distance elasticity, but only
for industrial countries, not for the larger group of developing countries. As
Anderson and van Wincoop (2004) note, it is not clear why introducing fuel
costs has an impact only on the estimated distance coefﬁcients for industrial
countries, because trade costs of developing countries should be affected by oil
prices in the same way as those of developed countries. Moreover, the quadratic
speciﬁcation in Brun and others (2005) constrains the distance coefﬁcient to ﬁrst
increase before it declines, which seems inconsistent with the evidence on the
evolution of trade costs.
In summary, most empirical gravity model studies ﬁnd that the estimated
distance coefﬁcients are relatively stable, although, as discussed above, this
result could simply reﬂect that marginal and average costs have fallen in
tandem. Although we have argued on a priori grounds that marginal costs
3

If transport costs are eliminated, the gravity model reduces to an equation relating trade
to economic mass alone, called the frictionless gravity model by Deardorff (1998, see Equation
(21)); see also Anderson and van Wincoop (2003, Equation (13)).
4
Eichengreen and Irwin (1998) is one of the few studies reporting a decline in the
estimated distance coefﬁcient, from about 0.85 for 1949 to about 0.75 for 1964, perhaps
reﬂecting the relatively long sample. Boisso and Ferrantino (1997) report distance coefﬁcients
that rise until the early to mid-1970s and fall thereafter.
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have fallen more than average costs, implying that the estimated distance
coefﬁcients should have declined over time, data are not available to support
this argument. Thus, the question of whether and how globalization shows
up in the gravity model is essentially an empirical issue.
II. Equation Speciﬁcation: To Log or Not to Log?
Our empirical work is based on stochastic versions of the nonlinear gravity
Equation (5):
Tradeij ¼ ðYi Yj Þa Dbij ðRi Rj Þg ðPi Pj Þd emij þ eij ; with

(7Þ

mij ¼ k þ lAij þ jLij þ sFij ;
and the Anderson and van Wincoop (2003) model with ﬁxed effects replacing
the remoteness variables:
Tradeij ¼ ðYi Yj Þa Dbij ðPi Pj Þd emij þ eij ;

(8Þ

with
mij ¼ yi þ kj þ lAij þ jLij þ sFij ;
where eij is a well-behaved error term and yi and kj are ﬁxed effects for
countries i and j.
To allow comparisons with previous studies, we also estimate the more
common log-linear speciﬁcation of the gravity model. As with the nonlinear
speciﬁcations, equations are estimated with either remoteness or ﬁxed
effects:5
log Tradeij ¼ a log Yi Yj þ b log Dij þ g log Ri Rj
þ d log Pi Pj þ k þ lAij þ jLij þ sFij þ eij ;

(9Þ

log Tradeij ¼a log Yi Yj þ b log Dij þ d log Pi Pj þ yi
þ kj þ lAij þ jLij þ sFij þ eij :

(10Þ

Although the log-linear speciﬁcation is a convenient way to address the
problem of heteroscedasticity, we prefer the nonlinear speciﬁcation for a
number of reasons.6 The ﬁrst is that estimates based on the nonlinear
5
For simplicity, we use the same symbols to represent coefﬁcients on the same variables in
both the nonlinear and the log-linear speciﬁcations.
6
A theoretical reason to prefer the nonlinear speciﬁcation is that it implies that trade will
go to zero as the size of either country goes to zero, which, as noted by Deardorff (1998, p. 9),
must be correct; log-linear speciﬁcations do not have this property. In general, neither the
nonlinear nor the log-linear speciﬁcations can predict zero trade (except in trivial cases).
Helpman, Melitz, and Rubinstein (2007) present a theoretical and empirical model that does
predict zero trade for some country pairs.
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speciﬁcation fully incorporate the information contained in observations
where bilateral trade is zero.7 This is important because many countries do
not trade with each other: in our sample, the zero-valued observations
account for almost 12 percent of the total in 1975 and almost 6 percent of all
observations in 2000 (Table 1); in the larger sample used by Helpman, Melitz,
and Rubinstein (2007), about 40–50 percent of the observations are zero.
These zero-valued trade observations have economic meaning,8 and a
satisfactory empirical model should seek to explain, not omit, them (see Coe
and Hoffmaister, 1999; Subramanian and Tamirisa, 2003; Helpman, Melitz,
and Rubinstein, 2007; and Silva and Tenreyro, 2006). Omitting the zerovalued observations, which is necessary in a log-linear transformation of the
gravity equation, represents a nonrandom screening of the data that can
result in biased or inconsistent estimates.9 Other ways of dealing with the
‘‘problem’’ of zero-valued observations in a log-linear speciﬁcation may also
bias coefﬁcient estimates, as discussed below.
A second reason we prefer the nonlinear speciﬁcation rather than the
conventional log-linear speciﬁcation is that the error term (eij) and its
logarithm generally are not statistically independent of regressors such as GDP
or population. When the errors are heteroscedastic, as will generally be the
case with such a large range of bilateral trade values (see Table 1), ordinary
least squares (OLS) estimates of the log-linear transformation of Equation (8)
are generally inconsistent, as emphasized by Silva and Tenreyro (2006).
A third reason has to do with the speciﬁcation of the error term. The
additive errors in the log-linear Equations (9) and (10) imply that the
nonlinear speciﬁcations from which these log-linear equations have been
derived include the error in the exponential terms rather than additively, as in
7

Other estimation methods that incorporate information in the zero observations include
Tobit, pseudo-maximum likelihood, and the two-stage procedure proposed by Helpman,
Melitz, and Rubinstein (2007), which incorporates a Tobit-like probit estimate in the ﬁrst
stage; we apply each of these methods below in our panel estimates. Estimation methods
designed to deal with unobserved or missing variables, such as proposed by Heckman (1979),
seem inappropriate given that the dependent variable is neither missing nor unobserved.
8
The compilation methodology for trade statistics is discussed in IMF, Direction of Trade
Statistics. Zero observations in Direction of Trade Statistics either represent bilateral trade
reported by national authorities as explicitly zero or represent unreported bilateral trade (in
some cases unreported trade in earlier periods is subsequently explicitly identiﬁed by national
authorities as zero trade, suggesting that in these cases the missing trade is in fact zero trade).
The compilation methodology is designed to identify obviously missing bilateral trade ﬂows
through partner information, estimation, or extrapolation. Moreover, a validation check
compares the sum of bilateral trade with the independently reported aggregate trade levels
reported in IMF, International Financial Statistics. In most cases, this check reveals virtually
no differences or only minimal differences of 1–2 percent, suggesting that no signiﬁcant
amount of bilateral trade reported by the authorities is omitted. These procedures imply that
observations reported as zero in Direction of Trade Statistics are either truly zero or extremely
small.
9
Greene (1981) shows that when the variables are distributed normally, the size of the bias
is inversely proportional to the share of the sample included in the regression; that is, the
greater the share of zero observations excluded, the greater the bias.
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Table 1. Summary Statistics
1975
Trade (Mij+Mji)
In billions of U.S. dollars
Mean
Standard deviation
Minimum
Maximum
Zero-valued observations
(in percent)

1980

1985

1990

1995

2000

0.24
1.45
0.00
48.14
11.8

0.57
3.15
0.00
87.32
8.2

0.58
3.92
0.00
128.89
11.3

1.08
6.42
0.00
176.56
7.9

1.58
9.22
0.00
268.19
5.9

2.02
12.83
0.00
398.26
5.8

4.71
3.17
13.91
3.87

4.08
3.34
14.56
4.47

4.07
3.33
14.73
4.86

3.64
3.44
16.91
5.17

3.27
3.46
17.39
5.59

3.16
3.54
17.79
5.99

49.52
105.54
0.51
1,635.18

112.67
222.83
0.82
2,795.55

112.76
258.75
0.67
4,213.00

220.79
505.13
0.35
5,803.25

315.92
783.72
0.63
7,400.55

311.68
752.39
0.68
9,872.93

In logarithms
Mean
Standard deviation
Minimum
Maximum

2.63
1.67
0.68
7.40

3.42
1.72
0.20
7.94

3.36
1.77
0.40
8.35

3.83
1.92
1.05
8.67

4.09
2.00
0.46
8.91

4.17
1.95
0.38
9.20

Population
In millions
Mean
Standard deviation
Minimum
Maximum

45.21
128.53
0.23
908.16

50.09
139.96
0.23
987.05

54.66
151.72
0.24
1,058.51

59.56
165.26
0.26
1,143.33

64.53
177.69
0.28
1,211.21

69.08
189.09
0.29
1,265.83

In logarithms
Mean
Standard deviation
Minimum
Maximum

2.54
1.49
1.48
6.81

2.66
1.50
1.47
6.89

2.76
1.50
1.43
6.96

2.85
1.50
1.35
7.04

2.93
1.50
1.27
7.10

3.01
1.50
1.24
7.14

In logarithms
Mean
Standard deviation
Minimum
Maximum
GDP
In billions of U.S. dollars
Mean
Standard deviation
Minimum
Maximum

Distance
Mean
Standard deviation
Minimum
Maximum

In kilometers
8,074.30
4,405.56
4.15
19,946.65

In logarithms
8.79
0.75
1.42
9.90

Note: See Appendix for data deﬁnitions and sources.
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Equations (7) and (8). To understand the implications of this, consider two
pairs of countries, one pair with large bilateral trade, such as Canada and the
United States, and a second pair with small bilateral trade, such as Paraguay
and Chad. In the log-linear speciﬁcation of Equations (9) or (10), a 10
percent error would be equal to 0.1 for both pairs of countries, and hence
least squares will place the same weight on reducing both errors, even though
a 10 percent error for Canada-U.S. trade would be enormous (about $40
billion in 2000), whereas a 10 percent error for Paraguay-Chad trade would
be negligible. In the nonlinear speciﬁcations, on the other hand, least squares
will put relatively little weight on the negligible Paraguay-Chad error and
more weight on reducing the large Canada-U.S. error, which, in our view, is
clearly preferable.
In summary, coefﬁcient estimates from a log-linear gravity model may be
biased, inconsistent, or both, implying that no comfort can be taken in
the large samples typically used in empirical gravity models. This is a ﬁrstorder problem that should not be ignored or swept under the rug. The
solution, in our view, is to avoid the self-inﬂicted wound of omitting the zero
observations that the log-linear speciﬁcation requires. A nonlinear
speciﬁcation does not require omitting the zero observations, although it
does require addressing the problem of heteroscedasticity by calculating
heteroscedastic-consistent standard errors.10 Moreover, even though
theoretical models are nonstochastic and provide no a priori reason to
prefer one error speciﬁcation over the other, the speciﬁcation of the error
term in the nonlinear model seems clearly preferable on empirical grounds.
For our purposes, it is particularly important to include the zero
observations, because the decline over time in the number of pairs of
countries that do not trade may itself be a reﬂection of globalization. This
may be particularly important for the estimates of the distance coefﬁcient
because, in our sample, the average distance between pairs of countries that
do not trade (8,720 km) is greater than the distance between countries that do
trade (7,988 km). Evidence for globalization may be missing from
conventional gravity models simply because some of the countries most
affected by globalization are excluded from the analysis.
III. Cross-Section Estimation Results
Our data are summarized in Table 1. Bilateral trade and GDP are measured
in nominal U.S. dollars, converted at market exchange rates. Because
imports are generally better measured than exports, particularly for many
developing countries, we deﬁne trade between countries i and j as the sum of
i’s imports (M) from j plus j’s imports from i, TradeijMij þ Mji, implying
that TradeijTradeji. Data deﬁnitions and sources are provided in the
Appendix.
10
Even if heteroscedasticity is unaddressed, the parameter estimates remain consistent,
although the standard error estimates are biased.
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Estimates of the gravity model on cross-section data for selected years
during the past 25 years are reported in Tables 2 and 3. The regressions, both
nonlinear and log-linear, include either a remoteness variable and a
(unreported) constant (Table 2) or (unreported) ﬁxed effects (Table 3).11 The
nonlinear models are estimated using nonlinear least squares on the full
sample, including the zero-valued observations. Because residuals in this model
are not normal, the nonlinear regressions are bootstrapped by blocks, as
suggested by Freedman (1981) for models with non-normal, heteroscedastic
errors. The log-linear model is estimated using the robust, heteroscedasticityconsistent estimator, excluding observations where the dependent variable is
zero. The root-mean-squared errors normalized on the mean of the dependent
variables suggest that the nonlinear model performs better than the log-linear
model, particularly for the speciﬁcation with ﬁxed effects.
The most striking result in Tables 2 and 3 is the evidence of globalization
in the nonlinear speciﬁcations. This evidence shows up in the estimated
coefﬁcients on distance, remoteness, and population, and is most vivid in the
speciﬁcations with ﬁxed effects.
 The strongest evidence is the decline in the estimated coefﬁcients of
distance in both nonlinear speciﬁcations. In the nonlinear speciﬁcation
with remoteness, the distance coefﬁcients fall by more than one-third. The
declines in the distance coefﬁcients in the nonlinear speciﬁcations are in
sharp contrast to the more or less standard result of stable or slightly
increasing distance coefﬁcients in the two log-linear speciﬁcations.
 The estimated coefﬁcients on remoteness decline in both speciﬁcations.
 In the nonlinear models, the estimated coefﬁcients on population are
negative and decline over time to a level not signiﬁcantly different from zero
in 1995 in the equation with ﬁxed effects, or in 2000 in the equation with
remoteness. This is also true in the log-linear model with remoteness.12
There are a number of other noteworthy features of the estimation results
in Tables 2 and 3:
 The level and the change in the estimated distance coefﬁcients over time in
the nonlinear speciﬁcations are much more consistent with theoretical
priors than are results from the log-linear speciﬁcation or from the
literature, as discussed below.
11

For the nonlinear Anderson and van Wincoop (2003) speciﬁcation, in addition to the
standard exclusion of a dummy variable (ﬁxed effect) for one country in a regression with a
constant, we excluded the ﬁxed effects for the United States and China, which are highly
correlated with income and population, respectively (with coefﬁcients of correlation of about
0.8–0.9), to avoid multicollinearity. This was not necessary in the panel regressions reported
below, which include ﬁxed effects for all countries.
12
Using land area instead of population makes almost no difference to either the crosssection or the panel results discussed below. We report results with population rather than
land area to facilitate comparisons with other empirical studies.
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Table 2. Cross-Section Estimates of Nonlinear and Log-Linear Models with
Relative Costs Measured by Remoteness

Nonlinear model
Economic mass
Distance
Population
Remoteness
Adjacency
Language
Free-trade agreement
Number of observations
Adjusted R2
RMSE
Log-linear model
Economic mass
Distance
Population
Remoteness
Adjacency
Language
Free-trade agreement
Number of observations
Adjusted R2
RMSE

1975

1980

1985

1990

1995

2000

0.93
(0.13)*
0.53
(0.21)*
0.15
(0.11)*
1.21
(0.39)*
0.18
(0.41)
0.21
(0.28)
0.32
(0.43)
2,342
0.88
1.80

0.99
(0.12)*
0.40
(0.14)*
0.20
(0.12)*
1.15
(0.48)*
0.45
(0.21)
0.27
(0.25)
0.66
(0.37)
2,415
0.86
2.08

1.10
(0.17)*
0.41
(0.18)*
0.22
(0.14)*
1.28
(0.5)*
0.33
(0.22)
0.05
(0.23)
1.28
(0.48)*
2,559
0.92
1.98

0.89
(0.16)*
0.32
(0.15)
0.09
(0.14)
0.87
(0.62)*
0.40
(0.28)
0.33
(0.44)
0.78
(0.47)
2,593
0.87
2.15

0.79
(0.17)*
0.29
(0.11)*
0.05
(0.17)
0.85
(0.42)*
0.29
(0.32)
0.15
(0.23)
0.96
(0.41)*
2,609
0.88
2.06

0.74
(0.1)*
0.32
(0.12)*
0.11
(0.14)
0.46
(0.33)
0.52
(0.17)*
0.03
(0.22)
0.77
(0.27)*
2,613
0.91
1.95

1.35
(0.03)*
1.02
(0.07)*
0.40
(0.03)*
0.98
(0.15)*
0.16
(0.26)
0.98
(0.1)*
0.75
(0.11)*
2,032
0.68
2.43

1.33
(0.03)*
1.01
(0.08)*
0.33
(0.03)*
0.90
(0.16)*
0.14
(0.23)
0.84
(0.1)*
0.39
(0.11)*
2,199
0.69
2.62

1.31
(0.02)*
1.04
(0.07)*
0.32
(0.03)*
0.97
(0.15)*
0.19
(0.22)
0.64
(0.1)*
0.74
(0.1)*
2,262
0.71
2.57

1.22
(0.02)*
0.92
(0.07)*
0.23
(0.02)*
0.88
(0.15)*
0.54
(0.24)*
0.75
(0.1)*
0.45
(0.1)*
2,386
0.73
2.00

1.18
(0.02)*
1.00
(0.06)*
0.14
(0.02)*
0.60
(0.12)*
0.41
(0.24)
1.01
(0.09)*
0.32
(0.08)*
2,453
0.80
1.65

1.18
(0.02)*
1.08
(0.06)*
0.10
(0.02)*
0.61
(0.14)*
0.36
(0.23)
0.85
(0.09)*
0.30
(0.09)*
2,460
0.78
1.78

Note: The dependent variable is trade, which is deﬁned using partner country import data.
Data cover 73 countries, except for 1975, which includes 72 countries. An asterisk indicates
signiﬁcance at the 5 percent level. Bias-corrected standard errors are shown in italics for the
nonlinear regressions, and robust errors are shown for the log-linear regressions. Root-meansquared errors (RMSEs) are divided by the geometric mean of the dependent variable for the
log-linear model and the arithmetic mean for the nonlinear model.
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Table 3. Cross-Section Estimates of Nonlinear and Log-Linear Models with
Relative Costs Measured by Fixed Effects

Nonlinear model
Economic mass
Distance
Population
Adjacency
Language
Free-trade agreement
Number of observations
Adjusted R2
RMSE
Log-linear model
Economic mass
Distance
Population
Adjacency
Language
Free-trade agreement
Number of observations
Adjusted R2
RMSE

1975

1980

1985

1990

1995

2000

1.02
(1.5)
0.44
(0.14)*
0.39
(2.53)
1.01
(0.31)*
0.03
(0.37)
0.89
(0.34)*
2,324
0.96
1.03

1.03
(0.08)*
0.51
(0.10)*
0.28
(0.10)*
0.70
(0.22)*
0.08
(0.29)
1.05
(0.34)*
2,415
0.96
1.09

0.91
(0.09)*
0.42
(0.16)*
0.09
(0.12)
0.66
(0.26)*
0.12
(0.27)
1.56
(0.45)*
2,559
0.98
1.05

0.79
(0.10)*
0.33
(0.14)*
0.03
(0.14)
0.62
(0.46)*
0.30
(0.27)
1.65
(0.40)*
2,593
0.96
1.13

0.69
(0.08)*
0.29
(0.11)*
0.13
(0.10)
0.81
(0.30)*
0.28
(0.20)*
1.40
(0.36)*
2,609
0.97
1.02

0.67
(0.06)*
0.35
(0.08)*
0.13
(0.07)*
0.79
(0.34)*
0.18
(0.20)
1.13
(0.30)*
2,613
0.98
0.91

1.40
(0.05)*
0.95
(0.07)*
0.47
(0.07)*
0.43
(0.24)
1.07
(0.11)*
0.62
(0.12)*
2,032
0.76
2.16

1.22
(0.07)*
0.96
(0.07)*
0.18
(0.08)*
0.37
(0.26)
0.95
(0.11)*
0.43
(0.12)*
2,199
0.78
2.24

1.03
(0.04)*
1.01
(0.07)*
0.10
(0.06)
0.38
(0.25)
0.88
(0.12)*
0.48
(0.11)*
2,262
0.77
2.29

0.97
(0.04)*
0.92
(0.07)*
0.07
(0.06)
0.68
(0.25)*
0.87
(0.11)*
0.60
(0.11)*
2,386
0.79
1.78

0.88
(0.04)*
0.98
(0.06)*
0.26
(0.05)*
0.65
(0.25)*
0.97
(0.09)*
0.56
(0.09)*
2,453
0.84
1.47

0.84
(0.04)*
1.08
(0.07)*
0.28
(0.06)*
0.58
(0.25)*
0.92
(0.10)*
0.45
(0.10)*
2,460
0.83
1.55

Note: See footnote in Table 2.

 In all regressions, the estimated coefﬁcients on economic mass generally
hover around unity, as suggested by theory. There is a trend decline in the
estimated mass coefﬁcients, although this decline may be bottoming out
in the regressions for 1995 and 2000.
 There is no evidence of a decline in the estimated coefﬁcients on the
adjacency dummy. This is consistent with the view of globalization being
reﬂected mainly in increased trade between distant countries rather than
between neighboring countries.
The estimated coefﬁcients on distance and the other geography variables
from the cross-country regressions for the nonlinear speciﬁcation with
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Figure 1. Estimated Coefﬁcients from Nonlinear Models for Individual Years,
1975–2000
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remoteness are shown in Figure 1 for each year from 1975 to 2000 (graphs of
the coefﬁcients from the nonlinear speciﬁcation with ﬁxed effects are similar).
Although the changes over time are not monotonic, there is a clear trend
decline in the absolute value of the estimated coefﬁcients on distance and on
remoteness. There is a similar decline in the estimated coefﬁcients on
population, although here the estimated coefﬁcients switch sign and become
positive. We test whether these declines are statistically signiﬁcant in the
panel estimates discussed below.
Why Are the Nonlinear Estimates So Different from the Log-Linear
Estimates?
The nonlinear regressions differ from the log-linear regressions common in
the literature because the error speciﬁcations are different and because the
nonlinear regressions include all observations whereas the log-linear
regressions exclude observations where bilateral trade is zero, which may
result in biased and inconsistent parameter estimates.
If the zero observations are excluded from the nonlinear regressions, the
results are virtually identical to those reported in Tables 2 and 3, which means
that the nonlinear speciﬁcation does a good job of explaining observations
where trade is zero or very small.13 This could be because the country pairs with
zero observations are statistically similar to country pairs with low-value
observations, or because the least-squares procedure puts less weight on
observations where trade is zero or small, or some combination of both.
Unlike the nonlinear regressions, the log-linear regressions are very
sensitive to the inclusion of low or near-zero values of bilateral trade,
13

This also implies that the nonrandom screening of the data implicit in the exclusion of
the zero observations does not result in biased parameter estimates in the nonlinear
speciﬁcation.
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suggesting potentially important biases are introduced by excluding the zero
observations. The minimum value of bilateral trade in our data set is, in fact,
quite small, at about $20, roughly the amount of trade between Algeria and
Malawi and between Algeria and Guyana in 2000. To test the sensitivity of
the log-linear speciﬁcation to small observations, we replaced the zero
observations with near-zero values equivalent to less than $1 in bilateral
trade. When the log-linear regressions are run on this expanded data set, the
R2 for the regression for 2000 falls from 0.78 to 0.41. Moreover, the estimated
coefﬁcients on economic mass, remoteness, and distance increase (in absolute
value) by about 60, 75, and 20 percent, respectively, and the coefﬁcient on
population increases by a factor of 3. Similar, albeit less dramatic, changes
occur if the zero observations are replaced with values slightly below
the lowest nonzero value for bilateral trade in the data set. Given that
log x-N as x-0, it is not surprising that estimates based on the ad hoc
adding of an arbitrary constant to the zero observations are very sensitive to
the value of the constant. These experiments, which are similar to the way
zero observations are handled in some gravity model studies (Wang and
Winters, 1992; Anderson and Marcouiller, 2002; and Brun and others, 2005),
suggest that the bias introduced by excluding the zero observations may be
very signiﬁcant in the log-linear speciﬁcation.
The Distance Coefﬁcients
The estimated distance coefﬁcients in the nonlinear speciﬁcations are substantially
lower than those in the log-linear speciﬁcation, which are similar to those found in
the literature. Grossman (1998) argues that the values of the distance elasticity
estimated in traditional models—he cites an estimate of 1.42—are implausibly
high. His back-of-the-envelope calculation, which relates the distance coefﬁcient to
the elasticity of substitution between goods and the share of shipping costs in the
total price of a traded product, suggests a value of only 0.03, although
Grossman notes that an elasticity of substitution higher than unity would raise
this estimate somewhat.14 If the elasticity of transport costs with respect to
distance estimated by Hummels (2001) of about 0.3 is combined with an elasticity
of substitution between goods of about 2 to 3, the implied distance coefﬁcient
would be 0.3 ( ¼ 0.3 (1–2)) to 0.6, which is consistent with our estimates.15
14

See also the discussion in Anderson and van Wincoop (2004, pp. 729–31). Grossman’s
Cobb-Douglas assumption and the implied elasticity of substitution between home and
foreign goods of 1 is problematic because it would suggest a distance elasticity of zero.
15
The relevant elasticity of substitution for this calculation is that between any pair of
goods, whether domestically produced or imported. To our knowledge, estimates of this
elasticity are not available, but it can be thought of as an average (with unknown weights) of the
elasticity of substitution between domestic and imported goods and the elasticity of substitution
among imports from different countries. Obstfeld and Rogoff (2000) suggest a consensus
estimate of the elasticity of substitution between domestic and imported goods of 5–6; Saito
(2004) estimates the elasticity of substitution among imports from Organization for Economic
Cooperation and Development countries to be about 0.9.
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Figure 2. Estimated Distance Coefﬁcients and the Price of Oil
(Absolute value of distance coefﬁcients from the annual nonlinear models with
ﬁxed effects, solid line, left scale; average oil price, U.S. dollars per barrel,
dashed line, right scale)
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Grossman’s (1998) calculation also suggests that the distance elasticity
should change over time in proportion to the change in the share of traderelated costs in total costs of traded products. The decline in our nonlinear
estimates is broadly consistent with the stylized fact of about a 50 percent
decline in the share of trade costs reported by Frankel (1997). Thus, both the
level and the change in the estimated distance coefﬁcients over time in our
nonlinear speciﬁcations are more consistent with theoretical priors than are
results from the standard log-linear speciﬁcation in the literature.
Our estimates of the distance coefﬁcients also appear to reﬂect mainly
developments in marginal trade costs. One of the most important components
of marginal costs is the price of oil. The absolute values of the estimated
distance coefﬁcients from the yearly 1975–2000 regressions are positively
correlated over time with the price of oil (Figure 2), and the correlation is
statistically signiﬁcant. The estimated distance coefﬁcients are thus larger in
absolute value—more negative—when oil prices are high, suggesting that the
estimated distance coefﬁcients are capturing movements in marginal trade
costs. By contrast, there is not a signiﬁcant correlation between oil prices and
the estimated distance coefﬁcients from the log-linear regressions.
IV. Panel Estimation Results
Panel estimates of the gravity model are presented in Tables 4 and 5. The
pooled data set is the 1975–2000 annual data used for the cross-section
regressions for 73 countries (72 for 1975), resulting in about 66,000
observations. To test if changes in the estimated coefﬁcients are statistically
signiﬁcant, key variables are allowed to shift in the 1980s and in the 1990s.
Allowing for shifts in this way places less of a constraint on the data than
specifying, for example, that the estimated coefﬁcients decline in a linear or a
quadratic way: a linear speciﬁcation, for example, would impose that any
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Table 4. Panel Estimates of Nonlinear and Log-Linear Models
with Ten-Year Shifts1
Nonlinear Model

Economic mass
Economic mass

D (1980–89)

Economic mass

D (1990–2000)

Distance
Distance

D (1980–89)

Distance

D (1990–2000)

Population
Population

D (1980–89)

Population

D (1990–2000)

Remoteness
Remoteness

D (1980–89)

Remoteness

D (1990–2000)

Adjacency
Adjacency

D (1980–89)

Adjacency

D (1990–2000)

Language
Free-trade agreement

Fixed effects
Time effects
Zero-valued observations
Number of observations
Adjusted R2

Log-linear Model

With
Remoteness

With Fixed
Effects

With
Remoteness

With Fixed
Effects

1.03***
(0.05)
0.08
(0.06)
0.26*
(0.05)

0.81***
(0.13)
0.11
(0.09)
0.32**
(0.14)

1.35***
(0.01)
0.04***
(0.01)
0.16***
(0.01)

0.72***
(0.06)
0.03
(0.02)
0.13***
(0.03)

0.50***
(0.06)
0.09
(0.07)
0.16**
(0.06)

0.58***
(0.13)
0.07
(0.05)
0.15*
(0.07)

1.01***
(0.03)
0.06
(0.04)
0.03
(0.04)

1.01***
(0.09)
0.04
(0.04)
0.07
(0.06)

0.25***
(0.05)
0.09*
(0.05)
0.32***
(0.05)

0.45
(0.50)
0.07
(0.08)
0.27*
(0.14)

0.39***
(0.01)
0.08***
(0.02)
0.23***
(0.05)

0.56***
(0.16)
0.06***
(0.02)
0.19***
(0.03)

1.40*
(0.15)
0.43*
(0.17)
0.70*
(0.17)

0.94***
(0.07)
0.19**
(0.08)
0.22***
(0.08)

0.40***
(0.12)
0.00
(0.13)
0.10
(0.13)

0.93**
(0.41)
20.60*
(9.23)
6.80
(5.22)

0.14
(0.11)
0.20
(0.13)
0.26
(0.13)

0.43
(0.26)
0.04
(0.13)
0.17
(0.16)

0.03
(0.05)
0.66***
(0.13)

0.11
(0.23)
0.74
(0.39)

0.82***
(0.02)
0.48***
(0.02)

0.95***
(0.12)

No
Yes
Yes
66,159
0.89

Yes
Yes
Yes
66,159
0.96

No
Yes
No
59,975
0.74

Yes
Yes
No
59,975
0.79

Source: Authors’ calculations.
1
The dependent variable is trade, which is deﬁned using partner country import data. Data
are for 1975–2000, for 73 countries, except for 1975, which includes 72 countries. *** (**, *) indicates
signiﬁcance at the 1 percent (5 percent, 10 percent) level. Bias-corrected standard errors are shown in
italics for the nonlinear regressions, and robust standard errors are shown for the log-linear and two-stage
regressions. Ten-year shift dummies, such as ‘‘D (1980–89),’’ are equal to 1 in 1980–89 and zero
otherwise.
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Table 5. Panel Estimates: Robustness to Alternative Estimation Methods1
Pseudo-Maximum Likelihood

Economic mass
D (1980–89)

Economic mass

D (1990–2000)

Distance
Distance

D (1980–89)

Distance

D (1990–2000)

Population
Population

D (1980–89)

Population

D (1990–2000)

Remoteness
Remoteness

D (1980–89)

Remoteness

D (1990–2000)

With
remoteness

With ﬁxed
effects

With time-varying
ﬁxed effects

With
remoteness

With ﬁxed
effects

With
remoteness

With ﬁxed
effects

0.94***
(0.04)
0.02
(0.03)
0.13***
(0.05)

0.78***
(0.05)
0.03
(0.02)
0.16***
(0.04)

0.58***
(0.03)
0.02
(0.03)
0.10***
(0.04)

2.24***
(0.03)
0.16***
(0.03)
0.57***
(0.03)

0.78***
(0.05)
0.01
(0.03)
0.22***
(0.03)

0.79***
(0.14)
0.02
(0.02)
0.09***
(0.03)

2.15***
(0.21)
0.14***
(0.02)
0.28***
(0.04)

0.63***
(0.04)
0.002
(0.04)
0.02
(0.05)

0.58***
(0.05)
0.04
(0.03)
0.09**
(0.04)

0.60***
(0.05)
0.06
(0.04)
0.10**
(0.05)

1.52***
(0.07)
0.47***
(0.08)
0.61***
(0.08)

1.43***
(0.06)
0.35***
(0.07)
0.56***
(0.06)

0.43**
(0.16)
0.16**
(0.07)
0.09
(0.07)

2.30***
(0.22)
0.46***
(0.08)
0.21***
(0.06)

0.22***
(0.05)
0.03
(0.04)
0.16*
(0.08)

0.97***
(0.16)
0.03
(0.02)
0.17***
(0.05)

1.24***
(0.29)
0.19
(0.02)
0.08**
(0.03)

0.79***
(0.03)
0.14***
(0.03)
0.51***
(0.03)

1.67***
(0.19)
0.01
(0.03)
0.22***
(0.03)

0.13*
(0.07)
0.04
(0.02)
0.12***
(0.04)

1.13***
(0.18)
0.13***
(0.02)
0.45***
(0.04)

1.01***
(0.25)
0.10
(0.10)
0.08
(0.17)

1.48***
(0.15)
0.66***
(0.18)
0.97***
(0.18)
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0.51*
(0.26)
0.03
(0.09)
0.10
(0.16)
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Economic mass

Two-Stage Least Squares2

Tobit

52

Table 5 (concluded )
Adjacency
D (1980–89)

Adjacency

D (1990–2000)

Language
Free-trade agreement

Fixed effects
Time effects
Time-varying ﬁxed effects
Zero-valued observations
Number of observations
Adjusted R2
Log pseudo-likelihood

0.48***
(0.13)
0.12
(0.10)
0.2
(0.16)

0.59***
(0.11)
0.08
(0.09)
0.06
(0.13)

0.18
(0.29)
0.76**
(0.35)
0.70**
(0.34)

0.62**
(0.26)
0.28
(0.31)
0.23
(0.30)

0.41
(0.30)
0.26
(0.16)
0.27
(0.23)

0.59***
(0.21)
0.92***
(0.18)
1.16***
(0.22)

0.33**
(0.18)
0.76***
(0.13)

0.28***
(0.10)
0.76***
(0.13)

0.28
(0.10)
0.76***
(0.13)

1.68***
(0.04)
1.17***
(0.06)

2.16***
(0.05)
1.13***
(0.06)

0.41***
(0.14)
0.83**
(0.34)

2.03***
(0.20)
3.89***
(0.44)

No
Yes
No
Yes
66,159

Yes
Yes
No
Yes
66,159

Yes
Yes
Yes
Yes
66,159

37,529

28,612

28,147

No
Yes
No
Yes
66,159
0.113

No
Yes
No
Yes
66,159
0.143

No
Yes
No
Yes
59,975
0.74

Yes
Yes
No
Yes
59,975
0.80

Source: Authors’ calculations.
1
The dependent variable is trade, which is deﬁned using partner country import data. Data are for 1975–2000, for 73 countries except, for 1975, which
includes 72 countries. *** (**, *) indicates signiﬁcance at the 1 percent (5 percent, 10 percent) level. Bias-corrected standard errors are shown in italics for
the nonlinear regressions, and robust standard errors are shown for the log-linear and two-stage regressions. Ten-year shift dummies, such as ‘‘D (1980–
89),’’ are equal to 1 in 1980–89 and zero otherwise.
2
Ordinary least squares estimator—the second stage of the two-stage estimation procedure proposed by Helpman, Melitz, and Rubinstein (2007). Zerovalued observations are taken into account in the ﬁrst stage, probit regression, which is not reported.
3
Pseudo-R2.
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Adjacency

0.06
(0.21)
0.12
(0.09)
0.29
(0.21)
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decline be smooth and monotonic, eventually going to zero and becoming
positive, whereas a quadratic speciﬁcation as in Brun and others (2005)
imposes that the estimated coefﬁcients ﬁrst increase and then decline, or vice
versa, either of which seems inconsistent with the evidence that trade costs
have declined but remain large.
Table 4 presents panel regressions based on the same nonlinear and loglinear speciﬁcations as the previous annual cross-section regressions (Tables 2
and 3), but allowing for parameter shifts. The R2s are similar to the crosssection regressions, and the estimated coefﬁcients are broadly comparable to
the average of the cross-section estimates.16 There is clear evidence of
globalization in the nonlinear speciﬁcations: the estimated coefﬁcients on
distance, population, and remoteness decline in absolute value in the 1990s,
and the estimated decline is statistically signiﬁcant. As in the cross-section
regressions, the estimated coefﬁcient on adjacency does not decline. Panel
estimates on the log-linear speciﬁcation are similar to the cross-section results
in that the estimated coefﬁcient on distance is about twice as large as in the
nonlinear estimates and does not decline over time, although the estimated
coefﬁcients on population and remoteness do decline.
To assess the robustness of the nonlinear panel results, Table 5 presents
panel estimates based on three alternative estimation techniques, all of which
incorporate the information in the zero observations. The ﬁrst three
regressions are estimated by the pseudo-maximum likelihood method
suggested by Manning and Mullahy (2001) and Silva and Tenreyro (2006).
The main difference between this method and the nonlinear least-squares
estimator is that the latter implicitly gives higher weight to observations
where bilateral trade is large, whereas the pseudo-maximum likelihood
estimator treats all observations equally. The estimated distance and
population coefﬁcients decline signiﬁcantly in the 1990s in the pseudomaximum likelihood estimates with ﬁxed effects and with time-varying ﬁxed
effects, although the estimated distance coefﬁcient does not decline in the
pseudo-maximum likelihood estimates with remoteness.
Tobit estimates and estimates based on the two-stage procedure applied
by Helpman, Melitz, and Rubinstein (2007)—in which the zero-valued
observations are taken into account in (unreported) ﬁrst-stage probit
regressions, with the second stage being OLS estimates of a log-linear
speciﬁcation—are also reported in Table 5. Although the estimated
coefﬁcients in these regressions are not elasticities, and hence cannot be
compared to the coefﬁcient estimates previously discussed (see McDonald
and Mofﬁtt, 1980), the estimated distance and population coefﬁcients decline

16

Ideally, panel estimations that are consistent with the Anderson and van Wincoop
(2003) approach would include time-varying ﬁxed effects. Except for the pseudo-maximum
likelihood estimates reported in Table 5, this is computationally not feasible because including
time-varying ﬁxed effects would add an additional 1,500 coefﬁcients to be estimated, whereas
Stata does not allow more than 100 regressors in nonlinear estimations.
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signiﬁcantly in the 1980s and the 1990s except in the two-stage estimates with
remoteness.
In summary, most of the panel estimates indicate a signiﬁcant decline in
the 1990s, and in some cases in the 1980s, in the estimated coefﬁcients on
distance and population.
V. Conclusions
We refer to the failure of most estimates of the standard gravity model of
bilateral trade to reﬂect declining trade-related costs as the ‘‘missing
globalization puzzle.’’ This is most apparent in the estimated distance
coefﬁcients found in the literature, which show no evidence of a decline in
absolute value over time. If anything, the consensus from the literature is that
this coefﬁcient has been constant, or even increasing, over time.
In contrast to previous gravity model studies, we ﬁnd evidence of
globalization or, more generally, of the declining importance of geography.
This evidence is apparent in declines over time in the absolute value of the
estimated coefﬁcients on distance and some other variables related to
geography in cross-section regressions for each year from 1975 to 2000. Panel
estimates based on a variety of estimation methodologies indicate that the
decline in the estimated coefﬁcients on distance and population in the 1990s is
statistically signiﬁcant.
Our results differ from those found in the literature mainly because we
estimate a nonlinear version of the gravity model with an additive error term
rather than the standard log-linear speciﬁcation. We prefer the nonlinear
speciﬁcation because it utilizes the information in the observations where
bilateral trade is zero. The log-linear speciﬁcation discards this information,
resulting in potentially biased and inconsistent estimates, and is very sensitive to
ad hoc methods used in the literature to deal with the ‘‘problem’’ of zero
observations. The nonlinear speciﬁcation has other advantages. The level of the
estimated distance coefﬁcients from the nonlinear model is more consistent with
theoretical priors than the coefﬁcients from the log-linear model.
In our nonlinear speciﬁcation of the gravity model, the coefﬁcient
estimates on a variety of measures of geography—distance, remoteness, and
size—clearly decline over time. Our results, including the panel results based
on Tobit estimates and the estimation procedures used by Helpman, Melitz,
and Rubinstein (2007) and Silva and Tenreyro (2006), suggest that the
declining importance of geography made its mark in the 1990s, which
coincides with the apparent acceleration of technological change in the
United States and some other countries. We interpret these results as
evidence of the diminishing importance of geography, consistent with the
phenomenon of globalization.
We conclude with one ﬁnal observation on empirical gravity models. For
years, even decades, the log-linear model has been the workhorse of gravity
model estimates. We suspect this is partly because the log-linear model is not
computationally demanding. Recent theoretical developments highlight the
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bias stemming from discarding the zero-valued trade observations. At the
same time, expanding computational capacity has made alternatives to the
log-linear model feasible to implement. We do not claim that our nonlinear
model is the only, or even the preferred, alternative to the log-linear
speciﬁcation. But for the globalization issue addressed in this paper, a
nonlinear speciﬁcation gives very different results than does the conventional
log-linear speciﬁcation, results that are more consistent with theoretical
priors on the magnitude of key elasticities, and more consistent with the
intuition that globalization has reduced the importance of distance as a
restraining inﬂuence on international trade.17
APPENDIX
Data Sources and Deﬁnitions.
Variable

Deﬁnition

Source

TRADEij

Sum of country i’s imports from country j and
country j’s imports from country i
(current US$ billions)
GDP of country i (j) (current US$ billions)

IMF, Direction of Trade
Statistics database

Yi (Yj)
Pi (Pj)

Population of country i (j)
(millions of inhabitants)
Distance between the capital cities of countries
i and j (km)
Dummy variable taking the value of one
if countries i and j share a common border
and zero otherwise
Dummy variable taking the value of one if
countries i and j share a common language
(English, French, Portuguese, or Spanish)
and zero otherwise
Dummy variable taking the value of one if
countries i and j are members of a common
free-trade arrangement (changes over time
according to membership) and zero otherwise

Dij
Aij

Lij

Fij

IMF, World Economic
Outlook database
IMF, World Economic
Outlook database
Fitzpatrick and Modlin
(1986)

Katzner (1986)

Countries
Algeria
Argentina
Australia

Austria
Bangladesh
Bolivia

Brazil
Cameroon
Canada

17
There are other instances, however, where nonlinear and log-linear gravity models may
give similar results. Coe and Hoffmaister (1999), for example, ﬁnd that Africa slightly
overtrades, based on a nonlinear speciﬁcation of the gravity model, as does IMF (2002), based
on the conventional log-linear speciﬁcation. See also Subramanian and Tamirisa (2003).
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Chile
China
Colombia
Congo, Democratic
Republic of
Congo, Republic of
Costa Rica
Côte d’Ivoire
Denmark
Egypt
Ethiopia
Finland
France
Germany
Ghana
Greece
Guatemala
Guyana
Hong Kong SAR
Iceland
India
Indonesia

Iran, I.R. of
Ireland
Israel
Italy
Jamaica
Japan
Jordan
Kenya
Korea
Madagascar
Malawi
Malaysia
Mauritius
Mexico
Morocco
Netherlands
New Zealand
Nigeria
Norway
Pakistan
Paraguay
Peru

Philippines
Portugal
Saudi Arabia
Senegal
Singapore
Spain
Sri Lanka
Sweden
Switzerland
Taiwan Province
of China
Tanzania
Thailand
Tunisia
Turkey
Uganda
United Kingdom
United States
Uruguay
Venezuela
Zambia
Zimbabwe

REFERENCES
Anderson, J.E., and D. Marcouiller, 2002, ‘‘Insecurity and the Pattern of Trade:
An Empirical Investigation,’’ Review of Economics and Statistics, Vol. 84 (May),
pp. 342–352.
Anderson, J.E., and E. van Wincoop, 2003, ‘‘Gravity with Gravitas: A Solution to the
Border Puzzle,’’ American Economic Review, Vol. 93 (March), pp. 170–192.
––––––, and E. van Wincoop, 2004, ‘‘Trade Costs,’’ Journal of Economic Literature,
Vol. 42 (September), pp. 691–751.
Berthelon, M., and C. Freund, 2004, ‘‘On the Conservation of Distance in International
Trade,’’ World Bank Policy Research Working Paper No. WPS 3293 (May).
Boisso, D., and M. Ferrantino, 1997, ‘‘Economic Distance, Cultural Distance, and
Openness in International Trade: Empirical Puzzles,’’ Journal of Economic
Integration, Vol. 12 (December), pp. 456–484.
Brun, J.F., C. Carrère, P. Guillaumont, and J. de Melo, 2005, ‘‘Has Distance Died?
Evidence from a Panel Gravity Model,’’ World Bank Economic Review, Vol. 19 (1),
pp. 99–120.
Coe, D.T., and A.W. Hoffmaister, 1999, ‘‘North-South Trade: Is Africa Unusual?’’
Journal of African Economies, Vol. 8 (2), pp. 228–256.
Deardorff, A.V., 1998, ‘‘Determinants of Bilateral Trade: Does Gravity Work in a
Neoclassical World?’’ in The Regionalization of the World Economy, National Bureau
of Economic Research Project Report, ed. by J.A. Frankel (Chicago, University of
Chicago Press).
Eichengreen, B., and D.A. Irwin, 1998, ‘‘The Role of History in Bilateral Trade
Flows,’’ in The Regionalization of the World Economy, National Bureau of

56

©International Monetary Fund. Not for Redistribution

MISSING GLOBALIZATION PUZZLE

Economic Research Project Report, ed. by J.A. Frankel (Chicago, University
of Chicago Press).
Fitzpatrick, G.L., and M.J. Modlin, 1986, Direct-Line Distances: International Edition
(Metuchen, New Jersey, Scarecrow Press).
Frankel, J.A., 1997, Regional Trading Blocs in the World Economic System (Washington,
Institute for International Economics).
––––––, and A. Rose, 2002, ‘‘An Estimate of the Effect of Common Currencies on Trade
and Income,’’ Quarterly Journal of Economics, Vol. 117 (May), pp. 437–466.
––––––, and S.J. Wei, 1998, ‘‘Regionalization of World Trade and Currencies: Economics
and Politics,’’ in The Regionalization of the World Economy, National Bureau of
Economic Research Project Report, ed. by J.A. Frankel (Chicago, University of
Chicago Press).
Freedman, D.A., 1981, ‘‘Bootstrapping Regression Models,’’ Annals of Statistics, Vol. 9
(November), pp. 1218–1228.
Greene, W.H., 1981, ‘‘On the Asymptotic Bias of the Ordinary Least Squares Estimator
of the Tobit Model,’’ Econometrica, Vol. 49 (March), pp. 505–513.
Grossman, G.M., 1998, ‘‘Comment on Deardorff,’’ in The Regionalization of the World
Economy, National Bureau of Economic Research Project Report, ed. by J.A.
Frankel (Chicago, University of Chicago Press).
Harrigan, J., 2003, ‘‘Specialization and the Volume of Trade: Do the Data Obey the
Laws?’’ in Handbook of International Trade, Blackwell Handbooks in Economics, ed.
by E.K. Choi and J. Harrigan (Malden, Massachusetts, Blackwell Publishing).
Heckman, J.J, 1979, ‘‘Sample Selection Bias as a Speciﬁcation Error,’’ Econometrica,
Vol. 47 (January), pp. 153–162.
Helliwell, J.F, 1998, How Much Do National Borders Matter? (Washington, Brookings
Institution Press).
Helpman, E., M. Melitz, and Y. Rubinstein, 2007, ‘‘Estimating Trade Flows: Trading
Partners and Trading Volumes,’’ NBER Working Paper No. 12927, February
2007.
Hummels, D, 1999a, ‘‘Have International Transportation Costs Declined?’’ Available via
the Internet: http://ntl.bts.gov/lib/24000/24400/24443/hummels.pdf.
––––––, 1999b, ‘‘Toward a Geography of Trade Costs,’’ GTAP Working Paper No. 17
(West Lafayette, Indiana, Center for Global Trade Analysis, Department of
Agricultural Economics, Purdue University). Available via the Internet: http://
www.gtap.agecon.purdue.edu/resources/download/2010.pdf.
––––––, 2001, ‘‘Time as a Trade Barrier,’’ GTAP Working Paper No. 18 (West Lafayette,
Indiana, Center for Global Trade Analysis, Department of Agricultural Economics,
Purdue University). Available via the Internet: http://www.gtap.agecon.purdue.edu/
resources/download/2009.pdf.
International Monetary Fund, 2002, World Economic Outlook September 2002:
Recessions and Recoveries, World Economic and Financial Surveys (Washington,
International Monetary Fund).
––––––, various issues, Direction of Trade Statistics Yearbook (Washington, International
Monetary Fund).
––––––, various issues, International Financial Statistics (Washington, International
Monetary Fund).
Katzner, K, 1986, The Languages of the World (London, Routledge & Kegan Paul).

57

©International Monetary Fund. Not for Redistribution

David T. Coe, Arvind Subramanian, and Natalia T. Tamirisa

Leamer, E.E., and J. Levinsohn, 1997, ‘‘International Trade Theory: The Evidence,’’ in
Handbook of International Economics, Vol. 3, ed. by G.M. Grossman and K. Rogoff
(New York, Elsevier).
Manning, W.G., and J. Mullahy, 2001, ‘‘Estimating Log Models: To Transform or Not
to Transform?’’ Journal of Health Economics, Vol. 20 (July), pp. 461–494.
McDonald, J.F., and R.A. Mofﬁtt, 1980, ‘‘The Uses of Tobit Analysis,’’ Review of
Economics and Statistics, Vol. 62 (May), pp. 318–321.
Obstfeld, M., and K. Rogoff, 2000, ‘‘The Six Major Puzzles in International
Macroeconomics: Is There a Common Cause?’’ in NBER Macroeconomics Annual
2000, ed. by B. Bernanke and K. Rogoff (Cambridge, Massachusetts, MIT Press).
Rauch, J.E., 1999, ‘‘Networks vs. Markets in International Trade,’’ Journal of
International Economics, Vol. 48 (June), pp. 7–35.
Saito, M., 2004, ‘‘Armington Elasticities in Intermediate Inputs Trade: A Problem in
Using Multilateral Trade Data,’’ Canadian Journal of Economics, Vol. 37
(November), pp. 1097–1117.
Silva, J.M.C.S., and S. Tenreyro, 2006, ‘‘The Log of Gravity,’’ Review of Economics and
Statistics, Vol. 88 (August), pp. 641–658.
Soloaga, I., and L.A. Winters, 2001, ‘‘Regionalism in the Nineties: What Effect on
Trade?’’ CEPR Working Paper No. 2183 (London, Centre for Economic Policy
Research).
Subramanian, A., and N. Tamirisa, 2003, ‘‘Is Africa Integrated in the Global Economy?’’
IMF Staff Papers, Vol. 50 (December), pp. 352–372.
Wang, Z.K., and L.A. Winters, 1992, ‘‘The Trading Potential of Eastern Europe,’’
Journal of Economic Integration, Vol. 7 (Autumn), pp. 113–136.
Wei, S.J., 1996, ‘‘Intra-National vs. International Trade: How Stubborn Are Nations in
Global Integration?’’ NBER Working Paper No. 5531 (Cambridge, Massachusetts,
National Bureau of Economic Research).

58

©International Monetary Fund. Not for Redistribution

IMF Staff Papers
Vol. 54, No. 1
& 2007 International Monetary Fund

Foreign Aid Policy and Sources of Poverty:
A Quantitative Framework
ALEX MOURMOURAS and PETER RANGAZAS
The econometric literature has been unable to establish a robust association
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oreign aid is an important instrument in efforts to reduce poverty and
promote economic development around the world. Some countries have
successfully leveraged foreign assistance and escaped poverty. Despite these
successes, however, the effectiveness of foreign aid overall remains in doubt.
Surveys of the empirical literature generally conclude that aid has not led to
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increased growth and may have even worsened recipients’ economic
performance. Recent studies continue to paint a mixed picture. For
example, Radelet, Clemens, and Bhavnani (2006) report robust evidence
that aid targeted to infrastructure has quick growth payoffs.1 On the other
hand, Rajan and Subramanian (2005) ﬁnd that aid may have adverse longrun effects, by worsening a country’s competitiveness.
One fundamental reason for the lack of consensus regarding the
effectiveness of foreign aid is the economics profession’s ignorance about
the sources of growth (for example, Rodrik, 1999 and 2005; and Azariadis
and Stachurski, 2005, p. 1) and the policies that are most likely to generate
growth (Feldstein, 1998; and Pronk, 2001). Development accounting
exercises have not reached a consensus on how much each of the sources
of growth—physical capital, human capital, and total factor productivity
(TFP)—contributes to the large disparities in income observed across rich
and poor countries.2 Research on how government policies affect the sources
of growth is also inconclusive.3
Even if growth accounting and econometric approaches were able to
establish robust correlations between growth and speciﬁc policies, causation
would remain an issue. It is clear that other approaches must supplement
those that are designed to estimate correlations. The limitations of purely
econometric methods have led some researchers to rely on detailed studies of
country-speciﬁc historical events leading up to growth miracles and disasters
(Rodrik, 2003). Analytical narratives help identify potential causal
connections between shifts in policy and the subsequent growth in a
country, but they cannot determine the quantitative effect of speciﬁc policy
changes on growth. This makes the proposed causal connections difﬁcult to
test and difﬁcult to generalize to other countries. A promising research
strategy is to supplement correlation and narrative studies with analysis
based on calibrated dynamic general equilibrium models. These models have
been used extensively to evaluate domestic ﬁscal policy (for example,
Auerbach and Kotlikoff, 1987) and trade policy (for example, Deardorff and
Stern, 1990). The advantages of dynamic computational general equilibrium

1

Radelet, Clemens, and Bhavnani (2006) base their conclusions on the ﬁndings of
Clemens, Radelet, and Bhavnani (2004), who argue that the lack of correlation is due to the
aggregation of different types of aid into one. They ﬁnd that aid designed to stimulate growth
in the short run (for example, aid to build infrastructure) has a robust positive correlation with
growth in regressions using 4-year panel data across countries. They also doubt whether
econometric methods can identify the effects of aid designed to achieve growth over longer
horizons (for example, aid for health and schooling). Isard and others (2006) summarize the
empirical evidence and present the views of practitioners from academia, international
ﬁnancial institutions, and African countries.
2
Restricting attention to only the most recent studies still reveals wide-ranging
conclusions, from ‘‘almost all growth is due to TFP’’ (for example, Parente and Prescott,
2000) to ‘‘almost all growth is due to capital accumulation’’ (for example, Manuelli and
Seshadri, 2005).
3
See, for example, the survey of the econometric evidence by Agénor (2004, Chapter 13).
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models include the ability to (1) assess longer term growth effects, (2) identify
causal mechanisms, (3) link microeconomic data and estimates to the
macroeconomy, (4) consider welfare effects, and (5) evaluate policy reforms
that have never been attempted or have been attempted too infrequently to
conduct an econometric analysis.4
In this paper, we investigate the effects of aid in a speciﬁc computational
general equilibrium model. Our model satisﬁes four principles that, we
believe, any computational model used to assess aid policy should follow.
First, before jumping to policy evaluation, the underlying model should
be able to explain (replicate) signiﬁcant growth experiences. Conﬁdence in
policy recommendations stems directly from the ability of models to explain
the key facts of development. The current standard in economic theory is to
build models of economic development that are capable of explaining these
key facts, which include (1) the steady growth of Western countries for more
than a century; (2) the economic transformation—the decline of agriculture
and ascendancy of industry—and the accompanying demographic transition;
(3) explosive growth in some developing countries after World War II; and
(4) huge differences in worker productivity across rich and poor countries
today. Because replicating all these growth experiences has proved difﬁcult,
adherence to this principle will signiﬁcantly narrow the candidate models that
will be used to evaluate aid policy.
Second, the fundamental sources of poverty, or the barriers to growth,
should be identiﬁed. It is not enough to identify the ‘‘proximate,’’ or
immediate, sources of poverty—such as a lack of factor accumulation or
technological adoption. The most important and deepest causes of poverty,
the reasons factors are not accumulated or technologies adopted, must be
identiﬁed to focus policy efforts effectively. This requires uncovering the
microeconomic foundations of poverty. Explicit microeconomic foundations
also allow welfare effects to be computed.
Third, the aid cost of achieving growth through alternative policies should
be estimated. Some sources of poverty are likely to be easier to eliminate than
others. Pro-poor, pro-growth reforms favored by donors are likely to be
resisted by interest groups in recipient countries. The political inﬂuence of
these groups often leads to inefﬁcient economic policy frameworks, choices,
and outcomes. Whether because of direct reform conditions stipulated in aid
policies, or because of the indirect response to the aid policy, domestic policy
will change when aid is extended. Thus, to calculate the cost of successfully
implementing reforms, the model must take a stance on how existing
government policies are set. One can then determine how much aid is
necessary to convince governments to adopt and support particular reform
recommendations that they would otherwise oppose.
4
A weakness of the computable general equilibrium approach is that it lacks the formal
hypothesis testing apparatus that has been developed for statistical theory. However, as
discussed below, these models can be informally tested by examining their ability to match a
wide array of stylized facts.
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Fourth, some insight should be provided into the reasons as to why
regression analysis has been unable to estimate a robust positive correlation
between aid and growth. As mentioned above, regression studies seem to
indicate that aid policies have had mixed success at best in improving economic
growth. The absence of correlation between aid and growth in regression
studies is in itself a stylized fact that models should attempt to explain.
Below, we present a model that follows these four principles. The model
starts with a standard overlapping-generations theory of physical capital
accumulation and augments it with a theory of fertility, schooling, and
endogenous government policy formation. Although the model is primarily
put forth as a prototype of how the principles can be implemented, it also
generates some interesting insights for the formation of aid policy. The model
satisﬁes the four principles in the following ways.
First, we consider trade-offs between the quantity and quality of children.
The key element in our theory, which was developed by Lord and Rangazas
(2006), is that older children can either attend school or work to raise their
family income. The theory successfully replicates the patterns of worker
productivity, fertility, interest rates, and schooling in the United States from
1800 to 2000.
Second, we identify three fundamental sources of low worker
productivity that help explain low incomes in developing countries today:
(1) a closed economy, (2) a poverty trap that keeps schooling low and fertility
high, and (3) a relatively large weight placed by governments on their own
consumption when taxes and government investment are set.
Third, we examine ﬁve reform policies that address the three sources of
poverty in low-income countries. In each case, we take into account the
domestic government’s willingness to adopt the policy, which shapes its
policy response to the conditions attached to foreign aid. Our baseline is an
unconditional aid policy that takes the form of ‘‘budget support.’’ The
second policy opens the economy to trade and international capital ﬂows.
The third is a policy that provides funds to subsidize families for some of the
income they forgo when they send their older children to school, similar to
Mexico’s Progresa program (Programa de Educación, Salud y Alimentación).
Fourth, we also analyze the common attempt to increase schooling by
enacting laws that extend the age of compulsory schooling or that prohibit
child labor. The ﬁnal policy aims to reform domestic ﬁscal policy so as to
increase growth by lowering taxes and increasing public investment.
Fourth, we identify reasons aid policies may produce disappointing
outcomes as measured by regression techniques. The failures relate to the
ineffectiveness of unconditional aid, the high cost of aid required to induce
certain reforms, and the conﬂict of interest that can develop between the
ruling government and private households.
Our main ﬁndings are as follows:
 Differences in schooling, fertility, and domestic ﬁscal policy generate
large differences in worker productivity across rich and poor countries.
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The model explains 28-fold differences in closed economies and nine-fold
differences in open economies.
Unconditional ‘‘budget support’’ has very modest growth effects. Growth
rates initially rise, but only slightly, and then fall below pre-aid levels for a
long time. In the long run, there are no sustained beneﬁts from
unconditional budget support.
Openness helps to discipline ﬁscal policy—tax rates are lower and the
portion of the budget devoted to investment is higher when the poor
country opens its economy to international capital. Opening the economy
to international capital generates a double dividend: not only does the
resource transfer raise growth directly, it also leads to a more pro-growth
ﬁscal policy.
Technological change or physical capital accumulation may not by
themselves be enough to eliminate the poverty trap. To reduce fertility
and increase schooling of older children requires policy interventions,
such as the Progresa program or compulsory schooling legislation, that
reduce the incentives of poor families to interrupt the schooling of their
older children.
Although the Progresa policy is a Pareto improvement, budgetary
constraints may lead the government to opt for compulsory schooling
legislation instead that makes the initial (current) generation of young
households worse off.
Traditional ﬁscal policy reforms have only modest growth effects and the
aid cost of maintaining the reforms is very high.
I. Related Literature

Several recent studies use calibrated dynamic general equilibrium models to
examine aid-related issues. These works differ from ours across three
dimensions. First, there are differences in focus. Our goal is to link the
analysis of aid to the academic study of economic development in general
and to the policies that may eliminate poverty traps or speed transitional growth. In our study, aid is secondary to the task of identifying
effective pro-growth policies. Other studies have instead focused more
directly on aid, with an emphasis on its sectoral and distributional effects
(Adam and Bevan, 2004, Agénor, Bayraktar, and Aynaoui, 2005); the
volatility of aid (Arellano and others, 2005); and the comparison of tied and
untied aid (Chatterjee, Sakoulis, and Turnovsky, 2003; and Chatterjee and
Turnovsky, 2004 and 2005). In this sense, the different studies are
complementary.
Second, there are signiﬁcant differences in the models used that are
driven largely by the differences in focus. Our objective requires the model to
contain a mechanism of the basic determinants of long-term growth, such as
savings, education, and fertility. A model of physical capital accumulation
alone, as in Arellano and others (2005) and the papers by Chatterjee and his
co-authors, does not sufﬁce because of the well-known fact that physical
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capital differences do not explain large productivity differences across time
and space (for example, King and Rebelo, 1993; and Parente and Prescott,
2000). In addition, we need to identify the barriers to growth: poverty traps
and antigrowth policies. In our initial attempt at these tasks, we abstract
from the sectoral and distributional issues that are the primary focus of
Adam and Bevan (2004) and Agénor, Bayraktar, and Aynaoui (2005). In
turn they must compromise by having exogenous sources of growth and
exogenous domestic ﬁscal policy.
Finally, there are differences in methodology or modeling principles. In
our view, models of aid effectiveness should (1) identify why the aid recipients
are poor to begin with and (2) demonstrate that the proposed sources of
poverty are quantitatively important. Following these principles will serve to
discipline the analysis by narrowing the range of aid models to those that are
the most empirically relevant. It will also help to narrow the types of policies
that can effectively address the speciﬁc sources of poverty that have been
identiﬁed.
Although existing models of aid contain many important insights, it is
hard to gauge their empirical importance because the four principles are not
being followed. As an example, in Adam and Bevan (2004) the sources of
poverty are (1) low saving rates and skill levels in the household sector, (2) a
lack of public infrastructure, and (3) an inefﬁciently low share of the
workforce employed in the export sector, where a learning-by-doing
externality resides. These are potentially interesting sources of poverty, but
the reasons poor countries differ from rich countries in these respects are not
explained within the model (saving rates, skill levels, public capital, and
rural-to-urban migration are all exogenous variables). Furthermore, there is
no demonstration that these sources of poverty lead to large worker
productivity differences between rich and poor countries under their
calibration.
II. The Model
We ﬁrst describe the behavior of the private sector in the poor country and
then turn to the government.
Households
In our model, households live for three periods, each of which lasts 20 years.
The three periods correspond to one period of childhood and two periods
of adulthood. Households make saving, fertility, and schooling decisions.
They value their consumption over the two periods of adulthood (cyt , cot þ 1)
and the adult earnings (wt þ 1ht þ 1) of all their children (nt þ 1). Earnings are
the product of the after-tax market rental rate for skills (wt þ 1) and the
embodied skills, or human capital (ht þ 1), of the worker. Preferences are
given by
Ut ¼ ln cyt þ b ln cotþ1 þ c lnðntþ1 whtþ1 Þ;
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where 0obo1 and c>0 are preference parameters.5 This preference
speciﬁcation is a simple way of capturing the idea that parents value both
the quantity and the quality of their children. It has been used extensively in
the literature on fertility and growth (for example, Galor and Weil, 2000;
Greenwood and Seshadri, 2005; Hazan and Berdugo, 2002; Moav, 2005; and
Lord and Rangazas, 2006).
Adults inelastically supply one unit of labor when young, and zero units
when old. Children have an endowment of To1 units of time that they can
use to attend school (st) or work (Tst). Children have less than one unit of
time to spend productively because early in childhood they are too young to
either attend school or to work, and in the middle years they do not have the
mental or physical endurance to attend school or to work as long as an adult.
Although children may work as they become older, they are also
expensive to care for and feed. To raise each child requires a loss of adult
consumption equal to a ﬁxed fraction t of the adult’s ﬁrst-period wages.
The government decrees that younger children receive some education
during their early years. So children invest at least s units of time into
learning during the ﬁrst portion of their childhood.6 This gives older children
g
ht ¼ gsy units of human capital that can be used in production during the
later years of childhood, where 0oyo1 is a parameter that gauges the effect
of schooling on human capital accumulation and 0ogo1 reﬂects the fact
that children lack relative physical strength or experience in applying
knowledge to production compared with adults. Adult human capital of the
same person in the next period is ht þ 1 ¼ syt . Thus, a person is more productive
in adulthood than in childhood because of greater strength and experience
(1>g) and additional schooling (stZs).
The household maximizes utility subject to the lifetime budget constraint,
co
  st Þ:
cyt þ tþ1 þ ntþ1 twt ht ¼ wt ht þ ntþ1 wt ghðT
1 þ rtþ1
In addition to the standard ﬁrst-order conditions for life-cycle
consumption, the choices of nt þ 1 and st yield
cy

 lt ntþ1 wt gh;
(1aÞ
st
c

¼ lt ½twt ht  ðT  st Þwt gh;
ntþ1
where lt is the Lagrange multiplier.

(1bÞ

5

Galor and Moav (2002) generalize this speciﬁcation by allowing for a separate utility
weight on the quantity and quality of children. They then go on to develop an evolutionary
theory in which households raise the weight they place on the quality of their children over the
course of economic development. Adopting this more ﬂexible speciﬁcation would increase the
ability of our model to ﬁt the stylized facts.
6
Alternatively, s may be interpreted as a minimum amount of schooling needed for the
child to be productive.
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Equation (1a) says the marginal utility of additional child quality must be
equated to the marginal value of consumption lost from allowing children of
working age to attend school. The strict inequality holds when the marginal
cost of educating children beyond the schooling received in their early years,
s, exceeds the marginal beneﬁt. In this case, parents are content to set st ¼ s.
Equation (1b) says the marginal utility of additional children must be
equated to the marginal value of lost consumption. Consumption is lost from
having additional children because we assume the cost of children exceeds the
earnings that older children bring to the household.
Solving the model gives us the following demand functions for children,
schooling, and ﬁnancial assets for retirement (at þ 1):
ntþ1 ¼

c
s=st1 Þy Þ
ð1 þ b þ cÞðt  gðT  st Þð

;

#
yðtðst1 =
sÞy  gTÞ
; s ;
st ¼ max
gð1  yÞ

(2aÞ

"



atþ1


b
¼
wt ht :
1þbþc

(2bÞ

(2cÞ

Assuming that st1 is sufﬁciently high, a dynamic results that causes
economic growth and a demographic transition. The quantity and quality of
children are both affected by the net cost of children, that is, the cost of
rearing and schooling children less the income that children generate for the
family. Greater schooling raises adult earnings relative to older children’s
earnings. This raises the net cost of having children, causing fertility to
decline. Lower fertility and greater consumption decrease both the quantity
and the value of forgone earnings from schooling children, so schooling rises
further.
Note that the sole factor driving fertility down is the rise in schooling.
The dynamic is independent of the after-tax rental rates on physical and
human capital. A higher rental rate paid to human capital raises the earnings
of both parents and children but does not affect relative earnings or the net
cost of children. Thus, the evolution of schooling and fertility is unaffected
by the determinants of human capital rental rates, such as ﬁscal policy,
technological change, and physical capital accumulation.
Because the effect of schooling has a diminishing effect on human capital
formation and wages, the transition equation given by Equation (2b) would
exhibit the standard properties of neoclassical growth if not for one
additional feature. Children receive a minimum level of schooling or
learning (s) while they are young and unable to work. This creates a
nonconvexity in the transition equation, where the schooling during
childhood must be greater than or equal to s.
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Figure 1. Dynamics of Schooling
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Source: Authors’ calculations.

Figure 1 sketches the schooling transition equation. The vertical intercept
of the graph is at s rather than at its usual position at the origin. This implies
that the graph intersects the 451 line three times, at points A, B, and C. The
nonconvexity in the transition equation is created by the existence of s,
the minimum level of schooling for young children, drawn here to be less
than the schooling level at point B. For schooling to increase over time, the
schooling level for parents must be to the right of B or, more generally,
greater than the maximum of the schooling levels associated with point B and
s. Starting to the right of B will cause schooling to rise, but in relatively small
increments. As schooling rises, the increments in schooling across generations
become larger, until the economy nears the stable steady state at C, when the
increments converge to zero. So, provided schooling is sufﬁciently high
initially, the model predicts relatively small increments in schooling initially,
an acceleration of schooling in the middle of the transition, and then a
slowdown as the steady state is approached. Lord and Rangazas (2006) show
that this model ﬁts the qualitative pattern observed over the past two
centuries of U.S. history.7

7
Lord and Rangazas (2006) use a more general model that endogenizes the schooling of
young children and includes formal and informal production. Their earlier working paper,
Lord and Rangazas (2004), shows that the simpliﬁed version used here replicates the facts well
during periods where growth is driven by the rise in schooling of working-age children.
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Firms
Production takes place within standard neoclassical ﬁrms that combine
physical capital (Kt) and human capital (Ht) to produce output from a CobbDouglas technology
Yt ¼ Kta ðDt Ht Þ1a ;

(3Þ

where Dt is a productivity variable associated with production in ﬁrms. The
productivity variable, D, is a function of disembodied technology, A, and
government capital per adult worker, G, and is given by
Dt ¼ At1m Gmt ;

(4Þ

where 0omo1 is a constant parameter. We assume that A progresses at the
exogenous rate q. This speciﬁcation of the impact of government capital is
similar to Aschauer (1989) and Clarida (1993).
Firms operate in perfectly competitive factor and output markets. This
implies the proﬁt-maximizing factor mix must satisfy
mð1aÞ a1
kt ;

rt þ d ¼ ð1  st Þagt

mð1aÞ a
kt ;

wt ¼ ð1  st Þð1  aÞAt gt

(5aÞ
(5bÞ

where d is the rate of depreciation on physical capital, s is the income tax rate
(net of transfers back to the private sector), gG/A, and kK/AH.
Capital Market Equilibrium
The ﬁrm’s demand for private physical capital intensity is given by Equation
(5). The supplies of private capital come from the household’s asset demand
for retirement assets and the human capital they rent to the market,
Ktþ1 ¼ atþ1 Nt ;

(6aÞ

(6bÞ
Ht ¼ ht Nt þ ght ðT  st ÞNtþ1  Nt h~t ;
where h˜tht þ g
ht(Tst)nt þ 1. Substituting Equations (2c), (5b), and (6b) into
Equation (6a) gives the equilibrium difference equation for physical capital
intensity,


mð1aÞ a
b
ð1  st Þð1  aÞgt
kt ht
:
(7Þ
ktþ1 ¼
A
1þbþc
ð1 þ qÞntþ1 htþ1
Government
The government in charge of ﬁscal policy is composed of a fraction e of the
population of households Nt. Government ofﬁcials value their own
consumption (cgt ) as well as the welfare of the representative citizen
according to the period utility function, ln cgt þ 1 þ fUt þ 1, where f is a
positive preference parameter that gauges the relative weight the government
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places on the welfare of private households. The current government also
cares about the government as an ongoing institution (that is, they care about
the future operations of the government and the welfare of future
government ofﬁcials) and the welfare of the country’s future citizens. The
preferences of the government are given by
1
X
bi ðln cgtþi þ fUtþi Þ:
(8Þ
t¼0

The government budget constraint, per young household, is
cgtþi eNt ¼ stþi Ytþi  Gtþiþ1 Ntþ1 :

(9Þ

The left-hand side of Equation (9) gives the government’s consumption
expenditures. The right-hand side is the difference between government tax
revenue, net of transfers, and government expenditures on public capital.
Public capital evolves according to the equation
Gtþ1 ¼ Itg þ ð1  dg ÞGt ;

(10Þ

Itg

g

is government investment and d is the rate of depreciation of
where
government capital.
The government chooses sequences of tax rates and government capital
to maximize the discounted utility of government ofﬁcials and private
households, given by Equation (8), subject to the budget constraint and
capital accumulation equation given above.8 In addition, the government
takes into account how its policy choices affect all private sector decisions.
This includes only Equation (7), since Equations (2a) and (2b) are
independent of ﬁscal policy.9 Finally, to obtain analytical solutions, we
assume d ¼ dg ¼ 1, so that over our 20-year periods, the capital stocks fully
depreciate. The solution to the government’s problem is (see Appendix)
st ¼ s ¼

ð1  abÞð1 þ bmfð1  aÞgÞ
;
1 þ ð1  abÞfG

gtþ1 ¼

bmð1  aÞ a mð1aÞ ~
ht ;
k g
ð1 þ qÞntþ1 t t

ktþ1 ¼

bð1  sÞð1  aÞ
kat gt
ht
;
ð1 þ b þ cÞð1 þ qÞntþ1
h~tþ1

(11aÞ

(11bÞ
mð1aÞ

(11cÞ

where G1 þ b þ 1 þ (c/b) þ (ba(1 þ b) þ b(a1) þ ca)/(1ab).
8

We do not study optimal government debt or monetary policy in this setting. These
policies are obviously important extensions left for future work.
9
We assume that the government can commit to its policy choices in advance. For a
discussion of commitment issues in regard to the setting of ﬁscal policy, see Ljungqvist and
Sargent (2004, Chapter 22).
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One can show that the constant tax rate s is decreasing in f. From
Equation (11b), the public saving rate out of national income is a constant,
bm(1a). Thus, a more selﬁsh government, with a lower f, will collect more
in taxes but invest a smaller fraction of tax revenue in public capital—so as to
maintain the same investment rate out of national income.
It is important to note that the model is recursive. The private sector
schooling and fertility dynamics can be solved independently of ﬁscal
variables and physical capital intensity. The fertility-schooling dynamic then
plays a role in determining the dynamics of government and private capital
intensity, for a given optimal tax rate.
Steady-State Equilibria
A country with sufﬁciently high initial schooling will experience growth and
converge to a steady state as determined by Equations (2) and (11). However,
yðt  gTÞ
os. If this is true, then st ¼ s and
if st þ 1 ¼ s, it may be the case that
gð1  yÞ
the economy is in a poverty trap where neither schooling nor fertility change
over time. For an economy with this initial condition, the only possible
dynamic stems from the government and private physical capital
accumulation in Equation (11). Thus, initial conditions may cause
economies with identical structures to come to rest at very different steadystate equilibria, with one steady state having higher values of h, g, and k, and
lower levels of n, than the other.
It is also possible that economies differ in terms of the weight, f, that
their governments place on household welfare in setting ﬁscal policy.
Economies with higher f will have higher private capital/labor ratios and
higher levels of public capital. This will cause higher worker productivity,
even if the steady values of s and n are the same.
Thus worker productivity may differ either because of a poverty trap or
because of policy differences. The next question is whether these sources of
income differences are quantitatively important.
III. Cross-Country Income Differences
To investigate the potential of the model to generate income difference across
countries, consider the following two steady-state equilibria, where s, n, g, and k
are constant. The ‘‘poor-country’’ equilibrium is characterized by (1) a poverty
trap, st ¼ s; and (2) a selﬁsh government, fpoorofrich. The ‘‘rich-country’’
equilibrium is characterized by (1) s ¼ T (full-time schooling), (2) n ¼ 1 (one
child per parent), and (3) a government that sets net tax rates in a manner
similar to the United States at the end of the 20th century; that is, s ¼ 0.15.
Calibration
To quantify the model’s predictions about income differences across these
two equilibria we calibrate the parameters to the rich-country steady state.
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Table 1. Selected Low-Income Countries with Large Governments, 1985
Country

G/Y

yUS/ycountry

Angola
Burkina Faso
Central African Republic
Comoros
Ethiopia
The Gambia
Mozambique
Uganda
Average

0.36
0.29
0.44
0.49
0.28
0.37
0.31
0.28
0.32

11
33
17
10
40
17
33
33
24

Source: Heston, Summers, and Aten (2002).

The physical capital income share, a, is set to the standard value of 1/3. The
output elasticity for public capital, m, is set to 0.30, somewhat less than the
values estimated by Aschauer (1989) and Clarida (1993). However, the values
of a and m place m(1a) at 0.2, an intermediate value of the estimates
surveyed by Glomm and Ravikumar (1997). Based on Lord and Rangazas
(2006), we set g ¼ 0.28 and T ¼ 0.50. This implies potential earnings of a child
that are about 14 percent of an adult’s earnings. The annualized after-tax
return to capital is set to 4 percent, the after-tax real rate of return to capital
in the United States at the end of the 20th century (Poterba, 1999; Table 1).
The annualized rate of growth of exogenous technological change, q, is set to
1.0 percent (Rangazas, 2002, 2005). This is intended to reﬂect a worldwide,
transferable component of exogenous technological change.
The remaining parameters are set to match certain targets. We set frich to
match s ¼ 0.15, about the ratio of government purchases to GDP in the
United States.10 In the rich steady state, we targeted n ¼ 1, s ¼ 0.5 (children
spend all their available time in school, similar to the current value in the
United States) and a value of k consistent with an after-tax return of 4
percent.
In the poor-country equilibrium, we targeted n ¼ 3.5, which implies seven
children per couple. Despite the fertility decline in Africa over the past two
decades, many of its poorest countries have total fertility rates of seven
children per woman (Bongaarts, 2002). In addition, the parameter settings
must be consistent with an optimal schooling level below s. The minimal
schooling level for young children is set to 0.08. This value implies that
children in the rich country spend 6.25 times as much time in school over
their childhood than do children from poor countries. So if poor children

10

The values of government consumption G/Y for the United States and the poor
countries are from the Penn World Tables (Heston, Summers, and Aten, 2002). These values
for G/Y are relatively low for both the United States and the poor countries.
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Table 2. Calibrated Parameter Values
Parameter
g
T
t
y
a
m
c
b

0.2800
0.5000
0.1646
0.4049
0.3333
0.3000
0.2956
0.4999

Target
Relative child’s earning
Relative child’s wage rate
Steady-state fertility (poor)
Steady-state schooling (rich)
Standard value for capital share
Intermediate empirical estimate
Steady-state fertility (rich)
Steady-state return to capital (rich)

Source: Authors’ calculations.

Table 3. Steady-State Worker Productivity Differential: Rich Vs. Poor Countries
Rich-to-Poor Ratios
ka
gm(1a)
h˜/[1+n(Ts)]
y

Model Prediction
3.68
2.09
3.68
28.25

Source: Authors’ calculations.

spend 2 years in school, then rich children spend 12.5 years in school
(assuming school years of equal length). Finally, we set fpoor in the poor
country so that s ¼ 0.35.
Table 1 gives examples of poor countries (one-tenth of U.S. worker
productivity, denoted by yUS/ycountry, or less) with levels of s ¼ G/Y that are
at least double those of the United States.11 Table 2 summarizes the
parameter settings.
Worker Productivity Differences
Table 3 presents the steady-state worker productivity ratio, across rich and
poor countries, generated by the model. The features included in the model
cause the rich country to be more than 28 times richer than the poor country.
The decomposition of the worker productivity ratio in Table 3 is based on the
11

There is also the issue of differences in the tax base across rich and poor countries. Poor
countries have much larger informal sectors that go untaxed. This causes poor countries to
collect a small fraction of output in taxes with the same tax rate. An informal sector is needed
to capture this and other important features of poor economies. We discuss this extension in
the conclusion.
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following expression for worker productivity:
yt ¼

mð1aÞ ~
kat At gt
ht
:
1 þ ntþ1 ðT  st Þ

(12Þ

The poverty trap causes the term h˜t/(1 þ nt þ 1(Tst)), average human
capital per worker, to be 3.7 times higher in the rich country for two
reasons. First, because st ¼ 0.5 in the rich-country equilibrium and
st ¼ s ¼ 0.08 in the poor-country equilibrium, adult human capital differs
across countries. This causes output per worker in the rich country relative
to that in the poor country to be 2.10, a value similar to that estimated by
Hall and Jones (1999) using a much different approach. Second, the high
fertility in the poor country implies that their workforce contains a sizable
fraction of young workers, who are less productive than adult workers
because they have less strength and experience (captured by g ¼ 0.28).
This causes worker productivity to be 1.75 times higher in the rich country.
This determinant of low worker productivity has been overlooked in
previous studies.
The poverty trap also causes low values of k and g. High population
growth increases the size of next period’s workforce relative to the current
period’s savers.12 This spreads saving and capital accumulation more thinly
across workers in the future, lowering k. Lower values of k and h˜ also lower
the tax base and reduce public investment for any given tax rate. Differences
in f raise tax rates and further reduce private saving and private capital
formation. Indirectly this also lowers public capital formation by reducing
the level of national income and the tax base. These various effects that serve
to lower public and private physical capital intensities cause worker
productivity to be 7.7 times higher in the rich country. This is more than
four times as high as the productivity ratio that Hall and Jones (1999)
attribute to differences in capital intensity. There are several reasons as to
why the estimate in Table 3 is higher.
In Table 3 we are assuming that the poor country is a perfectly closed
economy. In the next section, we open the economy to international capital
ﬂows. This reduces the differences in capital intensity across rich and poor
countries, although not completely. Because the typical poor country is
neither perfectly open nor perfectly closed, our estimates would bound the
Hall and Jones estimates, if not for other considerations that suggest their
estimates may be too low.
12

The large effects on worker productivities are accentuated in a three-period model. With
only three periods, the population of households that are saving compared to the future
workforce is unrealistically small. In addition, the high fertility rate, without a high rate of
mortality, will imply a large increase in the size of the future workforce. Both these features
cause the capital accumulation ﬁnanced by the current period’s saving to be more thinly
spread over the next generation of workers than in a model with many periods of work (and
saving) and with the high death rates that mediate population growth in poor countries.
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Pritchett (2000) estimates that the actual capital stock in poor countries is
only between 57 and 75 percent of the ofﬁcially measured stock. Thus, in
poor countries the level of government consumption is underestimated and
the level of investment is overestimated. This causes estimates of productivity
differences that are based on direct estimates of the capital stock differences
to be too small.
The Hall and Jones approach also treats private and public investment as
perfect substitutes in production. The estimates of the output-elasticity of
public capital suggest that this is not the case; the elasticity for public capital
is less than two-thirds the elasticity for private capital (Glomm and
Ravikumar, 1997). Because poor countries have relatively more public
capital, the perfect-substitutes assumption overstates the productivity of the
capital stock in poor countries. This, in turn, lowers the estimated role of
capital differences in explaining worker productivity differences.
IV. Policy Experiments
The previous section identiﬁed some potentially important sources of income
differences across countries. The question now is whether there are aid
policies that can effectively eliminate the sources of poverty. We begin with a
standard form of unconditional aid as our baseline for comparison—budget
support. We then consider four policies: one opening the economy to
international capital ﬂows, two education policies aimed at eliminating the
poverty trap, and a policy reform aimed at eliminating antigrowth domestic
ﬁscal policy.
Unconditional Aid: Budget Support
We ﬁrst consider unconditional aid that takes the form of budget support to
the poor country’s government. This will serve as a baseline to compare
against other aid policies that are conditional in the sense that they are tied to
speciﬁc policy changes.
Radelet, Clemens, and Bhavnani (2006) report that current aid ﬂows
average about 5 percent of the recipient countries’ GDP. Our model is
calibrated to match poor countries with large governments where
government purchases comprise one-third of GDP. So the average aid ﬂow
is 15 percent of the net tax revenue used for government purchases. We
consider aid ﬂows equal to 15 percent of net tax revenues with varying
duration: one, two, and three periods (or 20, 40, and 60 years). The impact of
these aid ﬂows on the growth rate in worker productivity is presented in
Figure 2.
The initial steady-state growth rate of the economy is 1 percent. The aid
inﬂows increase growth rates initially, but only by modest amounts. In the
initial period, growth rates rise to 1.15 percent. The modest initial increase
in growth rates results from the fact that the government will save and
invest a fraction of the aid, causing public capital to increase. Greater public
capital raises the marginal product of private inputs and the rental rate on
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Figure 2. Worker Productivity with Unconditional Aid
1.15
1.10
1.05
1.00
0.95
0.90
0

2

4

6

8

Source: Authors’ calculations.
Note: Annualized growth rates in worker productivity over time for unconditional aid policies
beginning in period 0. The aid provided is 15 percent of the government budget. The solid line
represents the effects of giving aid for a single period, the dashed line shows the effects of aid
provided for two periods, and the dash-dot line shows the effects of aid provided for three periods.

human capital, which raises private saving and private physical-capital
accumulation.
After the ﬁrst period, growth rates fall. The economy is unable to sustain
even the modest increase in growth rates for two reasons. First, because the
aid ﬂow is only temporary, the rise in public saving cannot be sustained.
Second, there are diminishing returns to public and private investment that
would cause growth rates to decline back to the steady-state level, even if aid
inﬂows were permanent. Growth rates eventually dip below the steady-state
level for several periods because the rise in the public and private-capital
intensity cannot be sustained and the economy must revert to the initial
steady-state capital intensities. In short, unconditional aid temporarily, but
not permanently, shifts the economy’s transition equations upward. With no
permanent structural change in the economy’s dynamics, it must return to its
original steady state. As noted by Radelet, Clemens, and Bhavnani (2006),
budget support will raise growth rates temporarily. However, our model
suggests that there are no long-term income beneﬁts from unconditional
budget support.
Opening the Economy
Section III assumes that the poor country’s economy is perfectly closed.
What happens if the economy is opened to trade and international capital
ﬂows? What will be the effect on different generations of households in the
poor country? Will opening the economy make the poor country’s
government better off or will it oppose the policy?
To answer these questions, the model must ﬁrst be re-solved under the
assumption that the economy is open and that private capital ﬂows will
equate the poor country’s interest rate to the exogenous world interest rate
(which we take to be the steady-state interest rate in the rich country). Next,
the dynamic path under the open-economy assumption is computed as the
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economy goes through the transition from the initial closed-economy steady
state to the open-economy steady state. Unlike most neoclassical growth
models, the ‘‘small’’ poor economy will not adjust to the new steady state in a
single period when interest rates are equalized in an open-world capital
market. This is because the government’s public capital accumulation will
adjust gradually to the opening of the economy. Equation (5a) shows that
interest rates can be equalized as a result of private capital adjustments alone.
Finally, welfare comparisons are made to see who beneﬁts and who loses
from opening the economy, an analysis that includes computing the welfare
effect on the poor country’s government itself.
After the economy is opened, the poor country’s r will converge to the
world interest rate rw, which we take to be the steady-state interest rate of the
rich country. The equilibrating force is assumed to be private capital
mobility. The poor country’s private-capital intensity will then be determined
by substituting rw in Equation (5a) and then solving for the new value of k.
Note that this does not mean that k is equated across rich and poor countries
because g may differ across countries. Smaller values of g lower the marginal
product of k and imply that smaller values of k are needed to drive the return
to physical capital down to the world interest rate.
With k determined internationally, the government’s optimal policy will
change. The government now maximizes Equation (8), not subject to
Equation (7), as in the closed economy, but subject to the k determined by
international capital markets as described above. The optimal policy in an
open economy becomes
s¼

bð1  aÞ
;
b þ f½c þ bð1 þ bÞ

gtþ1


Bs
að1  sÞ
¼
ð1 þ qÞntþ1 1 þ rw

(13aÞ
a
1a m
gt hA
t ;

(13bÞ

mb þ fmðbð1 þ bÞ þ cÞ
(see the Appendix for the derivation). The
1 þ fmðbð1 þ bÞ þ cÞ
coefﬁcient B represents the share of the government budget that is invested in
public capital. The product Bs is the share of national output that is invested
in public capital.
where B ¼

Fiscal Policy in an Open Economy
One can evaluate the effect of opening the economy on the ﬁscal policy of the
poor country. Consider the extreme case where f ¼ 0. We then have
1a
 Bclosed , sopen1ao1absclosed, and (Bs)open ¼
Bopen  bm4bm
1  ab
bm(1a) ¼ (Bs)closed, where all inequalities hold when future utility is
discounted, that is, when bo1. Thus, opening the economy lowers the tax
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Table 4. Fiscal Policy in Closed and Open Economies
Fiscal Parameter
s
B
sB

Closed Economy

Open Economy

0.35
0.29
0.10

0.26
0.31
0.08

Source: Authors’ calculations.
Note: s is the income tax rate (net of transfers to the private sector); B is the share of
the government budget invested in public capital; sB is the share of national output invested in
public capital.

rate and raises the portion of the budget that is invested but leaves the
fraction of national output invested the same.
The ﬁscal policy differences are a result of the timing of the impact of
ﬁscal policy on private capital formation in open vs. closed economies. In a
closed economy, government policy affects private capital formation by
affecting the after-tax wage of savers that fund the next period’s private
capital intensity. In an open economy, government policy affects private
capital intensity by affecting the marginal product of private investments in
the poor country—reducing it with higher tax rates and raising it with higher
public capital intensity. International capital ﬂows will anticipate and
respond to these changes in private returns to investment, until the aftertax returns to investment are equalized across countries. Thus, in an open
economy, government policy has a more immediate effect on private capital
formation—this period’s policy affects this period’s capital intensity rather
than this period’s saving ﬂow and the next period’s capital intensity. With
discounting of the future (bo1), the cost to the government of high taxes and
low public investment is lower in the closed economy. In a sense, opening the
economy disciplines the government and makes private capital formation
more responsive to policy changes. The government reacts to the new
environment by choosing a more ‘‘pro-growth’’ ﬁscal policy stance.
Table 4 gives the ﬁscal policies in open and closed economies for the
calibration in Table 2, where f ¼ 0.7461.
The result with f ¼ 0.0 extends to higher values of f; taxes are lower and
the fraction of the government budget invested is higher in an open economy.
However, the share of national output that is invested in public capital is
lower in the open economy when f>0, because B rises less than s falls when
the economy is opened. Thus, opening the economy lowers the economy’s
rate of investment in public capital.
Growth Effects of Opening the Economy
Figure 3 shows the effects on worker productivity of opening the economy to
foreign investment. Growth accelerates in the ﬁrst period as the capital inﬂow
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Figure 3. Opening the Economy to Capital Flows
6
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Source: Authors’ calculations.
Note: Annualized growth rates in worker productivity over time from opening the economy
compared with a two-period unconditional aid policy. Unconditional aid ﬂows are 15 percent of
government budgets in each of the two periods. The solid line represents an open economy; the
dashed line represents two periods of unconditional aid.

narrows the poor country’s gap in private capital intensity with rich countries.
The capital inﬂow raises the recipient country’s national income and tax base,
offsetting the reduction in the rate of investment in public capital. Public capital
intensity rises over time, to a new, albeit lower, steady-state value. The increase
in public capital intensity raises the marginal product of private capital and
causes private-capital intensity to increase further. The modest additional
increases in public and private capital intensities keep growth in worker
productivity above the rate of technological change until period 4, when the
economy has approximately converged to its new physical capital intensities.
The growth effects of opening the economy to capital mobility dwarf those of
the unconditional aid policy. Moreover, these effects are permanent in nature:
because the change in the economy is structural, the new steady state is
characterized by higher permanent per capita incomes.
The extent to which inﬂows of private capital narrow productivity
differences in the long run is given in Table 5. Comparing Table 5 with Table
3, one sees that worker productivity gaps are narrowed by opening the
economy. The rich country’s advantage in worker productivity is now less
than one-third of what it was in a closed-economy setting, although a ninefold difference still remains.
Welfare Effects of Opening the Economy
There are clear gains in worker productivity from opening the economy.
However, not all generations beneﬁt from the opening. The policy affects the
welfare of households by affecting factor prices. Households prefer higher
current wages for themselves and higher future wages for their children. They
also beneﬁt from higher interest rates on their life cycle saving. Opening the
economy will raise wages and lower interest rates as capital ﬂows into the
economy. For most generations there is a net gain in utility from these factor
price adjustments (the effect of higher wages is greater than the effect of lower
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Table 5. Steady-State Worker Productivity Differential: The Effect of Openness
Rich-to-Poor Ratios
ka
gm(1a)
h˜/[1+n(Ts)]
y

Model Prediction
1.41
1.73
3.68
8.98

Source: Authors’ calculations.

interest rates). This is not true for the initial generation of young households
who are alive at the time the policy is introduced. Their current wages are
unaffected by the capital inﬂows (because the initial capital intensity is ﬁxed)
and yet their interest rates are signiﬁcantly lowered. The sharp drop in interest
rates with no change in current wages causes their welfare to fall. Thus, welfare
falls for the ﬁrst generation and rises for all others.
The government in the poor country enjoys an increase in public
consumption each period—the increase in the tax base from capital inﬂows
offsets the drop in tax rates. The gain in consumption by the government elite,
along with the discounted gain in utility to all future generations, is larger than
the loss in welfare of the initial generation. Thus, the poor government would
want to open the economy, on economic grounds, in our setting.
This ﬁnding is obviously sensitive to the particular calibration chosen. If
the initial capital intensities were smaller, or if the poor country’s government
had a higher rate of time preference, then one might ﬁnd that the poor
country opposes the opening. We plan to investigate these possibilities in
future work.
Eliminating the Poverty Trap
Schooling is low in the poor country because the value of forgone earnings
associated with sending older children to school is high. The value of forgone
earnings is high because households have many children and because
parental earnings are low. The poverty trap can be removed if parental
earnings are increased relative to the earnings of older children. This would
make it more costly to have many children (because of the forgone wages and
parents’ consumption associated with child rearing) and it would lower the
relative value of children’s work in total family income.
Using aid to encourage poor countries to increase the schooling of
younger children (that is, to increase s) will increase earnings but will not
remove the poverty trap.13 This policy would not raise the earnings of
13

Aid-ﬁnanced spending on the human capital of young children can be defended on
other grounds. If intergenerational capital markets are imperfect, investments in human
capital of young children have very high returns (see Rangazas, 2002 and 2005).
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parents relative to those of older children (because they both receive the
higher levels of education when they are young children). What is needed is
more schooling of older children, so that when they become parents their
earnings (based on st>s) sufﬁciently exceed the earnings of their older
children (based only on s)—thereby making children more costly and
relatively less important in generating family income.14
One policy that can remove the poverty trap is similar to Mexico’s
Progresa program.15 Governments would subsidize the forgone earnings of
older children who attend school. A sufﬁciently high subsidy would raise st
sufﬁciently higher than s, so that a transitional dynamic would result, sending
the poor country to point C in Figure 1. The potential advantage of
identifying and eliminating poverty traps is that aid need not be ongoing.
Once sufﬁcient aid has been provided to eliminate the poverty trap, no
further aid is necessary.
To begin the analysis of the subsidy policy, let the policy parameter Z
denote the fraction of forgone earnings of older children that the government
returns to the household. This introduces the expression Zwtght(sts)nt þ 1 on
the right-hand side of the household lifetime budget constraint from Section
I. In the face of the subsidy, household behavior becomes
ntþ1 ¼

c
ð1 þ b þ cÞðt  gðT  st þ Zðst  sÞÞðs=st1 Þy Þ

;

#
yðtðst1 =
sÞy gT þ g
sZÞ
; s :
st ¼ max
gð1  yÞð1  ZÞ

(14aÞ

"

(14bÞ

The subsidy increases the optimal schooling level and, if it is sufﬁciently
high, the optimal schooling level is pushed above s. For a given level of st,
fertility is also encouraged by the subsidy. However, if the subsidy raises st
enough, then fertility will fall.
Of course, the subsidy must be ﬁnanced out of tax revenues. In addition,
as older children work less in order to attend school, the tax base shrinks. So
government revenue is reduced by two factors in the ﬁrst period—the subsidy
payment and the decline in the tax base. This implies that government
consumption and investment will fall initially, which may offset, or at least
mediate, the early growth effects of the policy. As the stock of human capital
rises and increases the tax base, government consumption and investment
eventually rise.
14

Older children here are children of working age (10 years old or older).
In 1997 Mexico began Progresa, a program designed to increase human capital in poor
families by paying families to send their children to school and to visit health care providers.
Grants are paid directly to the mothers and cover about two-thirds of what the child would
receive for full-time work (Krueger, 2002).
15
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Growth Effects of the Progresa Program
Table 6 and Figure 4 present the effects of a subsidy paid for a single period
that is similar in size to that offered in the Mexican Progresa program,
Z ¼ 0.67. The relatively large subsidy is more than enough to boost the
economy out of the poverty trap and creates something close to a ‘‘growth
miracle.’’ The large rise in schooling and fall in fertility create strong direct
(via human capital per worker) and indirect (via physical and public capital
intensities) growth effects for a number of periods. As in the case of opening
the economy, the growth effects dwarf those of budget support and lead to
large permanent increases in income levels.
Welfare Effects of the Progresa Program
An advantage of the Progresa program is that no generation is hurt by the
policy. Although the positive welfare gain is quite small for the ﬁrst
generation, because they do not directly beneﬁt from the higher schooling, it
is signiﬁcant from the second generation onwards. With sizable welfare gains
after the ﬁrst period, combined with large increases in the tax base, the
government’s welfare increases because of the policy change.
Other policies designed to increase schooling do not necessarily generate
universal private sector beneﬁts. We compare the welfare effects of the
Table 6. The Progresa Program: Schooling and Fertility Effects
Period
s
n

1

2

3

4

5

6

7

8

9

10

0.29
2.5

0.34
1.2

0.37
1.1

0.41
1.0

0.43
1.0

0.45
1.0

0.47
1.0

0.48
1.0

0.49
1.0

0.49
1.0

Source: Authors’ calculations.

Figure 4. The Effects of the Progresa Program
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Source: Authors’ calculations.
Note: Annualized growth rates in worker productivity over time from the Progresa program
compared with a two-period unconditional aid policy. Unconditional aid ﬂows are 15 percent of
government budgets in each of the two periods. The solid line represents Progresa; the dashed line
represents two periods of aid.
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Progresa policy against a compulsory schooling policy that generates the
same increase in schooling. This requires that the ﬁrst generation of students
spend 0.29 of their time endowment in school, as under the Progresa policy.
After that point, the minimum school requirement of 0.29 is nonbinding and
schooling will follow the same path as that displayed in Table 6.
The growth effects of compulsory schooling are actually stronger than
those of the Progresa policy. This is because, without the government
subsidy, families will choose fewer children relative to the Progresa policy,
which subsidizes the cost of schooling children. The steeper decline in fertility
increases the economy’s growth rates marginally above those in Figure 4.
However, because the initial family is forced to send their children to school
more than they consider optimal, they are made worse off. The government,
on the other hand, prefers compulsory schooling. The fact that compulsion
eliminates the need for a subsidy and raises growth and tax revenue to a
greater degree more than compensates for the decrease in welfare for the
initial generation.16
Eliminating Antigrowth Fiscal Policy
Attempting to reform conventional ﬁscal policy is a very common target for
aid policy. We now consider the effects of imposing a ﬁscal policy in the poor
country that would bring it in line with the ﬁscal policy of the rich country. In
particular, we compute the effects of imposing the s and B of the rich
country, where the optimal values are 0.15 and 0.67, on the poor country,
where the optimal values in the open economy are 0.26 and 0.31.
Growth Effects of Fiscal Policy Reform
The effects of ﬁscal reform on worker productivity are given in Figure 5.
These effects are relatively modest and short lived. In part, this is due to the
fact that we begin the policy experiment from a perfectly open economy.
Opening the economy brings the ﬁscal policy of the poor government closer
to that of the rich government (Table 4). This has the effect of making the
differences in tax policy less dramatic and the returns to accumulating private
and public capital smaller (because capital intensities are higher in the open
economy than in the closed economy). Because the poor economy is
relatively close to the rich country in capital intensities to begin with (Table
5), the transition to a new steady state is short.
16
Our model abstracts from tuition costs. The government can raise schooling by
increasing tuition subsidies. Doepke (2004) and Lord and Rangazas (2006) study the historical
impact of government tuition subsidies in England. They ﬁnd that lower tuition has modest
effects on schooling and growth. Lower tuition reduces the cost of all children and, in
particular, young children who would have attended school in any case. This raises fertility for
several periods and slows the demographic transition. Thus, something like a Progresa
program or compulsory schooling is needed to generate a quick demographic transition and
rapid economic growth.
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Figure 5. The Effects of Fiscal Reform
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Source: Authors’ calculations.
Note: Annualized growth rates in worker productivity from ﬁscal reform compared with two
periods of unconditional aid of 15 percent of the government budget. The solid line represents ﬁscal
reform; the dashed line represents two periods of aid.

Welfare Effects of Fiscal Reform
All generations experience a signiﬁcant gain from the ﬁscal reform. This is
because of the growth effects (Figure 5) and because of the direct effects of
lower taxes. Of course, the government is worse off since it has been moved
from its optimal ﬁscal policy.
V. The Aid Cost of Reform
We have examined ﬁve policies to promote growth in developing economies.
The impact of the policies on growth differed signiﬁcantly and so did their
aid cost. The unconditional aid policy comes at a price and delivers no longterm beneﬁts. Openness and the Progresa-style education subsidy deliver
large and sustained increases in income. They also increase the welfare of the
poor country’s government and thus should be readily accepted. However,
openness hurts the initial generation of private households, and thus may not
increase the government’s welfare for all calibrations. At a minimum, the
government may use the fact that the current generation is hurt as a
‘‘bargaining chip’’ to induce some aid compensation for opening the
economy. Strategic considerations also enter in the case of the Progresa
program. The government prefers compulsory schooling and it may use this
as a threat to induce aid compensation for going forward with the Progresa
program.
The domestic ﬁscal reforms, on the other hand, would certainly be
opposed by the poor country’s government. Aid dollars would have to be
used to ‘‘purchase’’ the ﬁscal reforms from the poor country’s government, in
compensation for its losses. We can assess the aid cost of ﬁscal reform by
calculating the minimum amount of aid needed to keep the poor country’s
government indifferent to the reforms. We compute the aid cost as a
permanent ﬂow of aid, expressed as a fraction of the poor government’s
budget. The aid ﬂow must be permanent because the government will want
to renege and revert to its optimal ﬁscal policy as long as it stays in power.
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Figure 6. Fiscal Reform with Required Aid
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Source: Authors’ calculations.
Note: Annualized growth rates in worker productivity over time from the ﬁscal reform vs. a twoperiod unconditional aid policy. The required aid is a permanent ﬂow equal to 87 percent of the
government budget. Unconditional aid ﬂows are 15 percent of government budgets over each of the
two periods. The solid line represents ﬁscal reform; the dashed line represents two periods of aid.

Of course, the aid ﬂow will also change the amount that the government
invests (although the government consumes most of the aid ﬂow, some is
invested), and thus the growth effects of the ﬁscal reforms will be larger than
those without aid—an added beneﬁt of the aid that goes beyond purchasing
the reforms per se. The growth effects are given in Figure 6.
The growth effects are higher than in Figure 5 because the government
chooses to invest some of the aid. The amount of aid required to purchase
reforms is very high. Aid equal to more than 87 percent of the poor country’s
budget is needed. Because the poor country’s budget increases as the country
grows, the absolute ﬂow of aid must increase over time—long after the
growth rate effects of the reforms have been exhausted.
VI. Aid Failures
No robust correlation between aid and growth has been identiﬁed in the
econometric literature (for example, Easterly, Levine, and Roodman, 2004).
There are several possible econometric reasons for the absence of a clear
positive relationship; for example, endogeneity of aid ﬂows (aid is targeted to
slow-growing economies), speciﬁcation error (the relationship between aid
and growth is highly nonlinear), and measurement error (all aid, including aid
not intended to generate growth, are lumped together in a single measure).
Our analysis is consistent with three other possible reasons for the lack of
correlation.
Unconditional Aid Is Not Growth Promoting
Our results suggest that unconditional aid, including aid whose conditions
are not adequately enforced, will not deliver long-term gains in income. The
boost to growth from unconditional aid is short-lived and so modest that
it could easily be overshadowed by other developments—for example,
the negative shocks to the economy that trigger the scaling up of unconditional aid.
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Domestic Conﬂict over Growth Policies
Although there are policies that can generate rapid growth and sustained
increases in income, there is likely to be domestic conﬂict over which policy
to pursue. The government favors opening the economy and compulsory
schooling, but the current generation of private households will oppose
both policies. The current generation of private households favors the
Progresa program, a program the government views as clearly inferior to
compulsory schooling. These conﬂicts may undermine attempts to achieve
domestic consensus on which growth-promoting and poverty-reducing
policies to implement. Such lack of ownership could even delay or
undermine the negotiation and implementation of conditional aid
agreements with donors.
Prohibitive Aid Cost
Fiscal reforms are often a key component of the conditions for receiving aid.
Our analysis suggests that ﬁscal reforms are likely to be the least successful of
the policies we examined. First, the growth effects of ﬁscal reform are
relatively modest and short lived. Second, the aid cost of ‘‘buying’’ the
reforms from the poor country’s government is enormous. Unless foreign
aid keeps ﬂowing in sufﬁcient quantities, the recipient government will do
what it can to revert to a high-tax, low-investment regime. In fact, the cost
of maintaining effective reforms will increase over time as the government’s
budget, and the potential to increase government consumption, grows. In
practice, aid is far less than what is necessary to keep the government
indifferent, thus dooming ﬁscal reforms from the beginning.
Even if the aid is carried out in sufﬁcient amounts indeﬁnitely, there will
be little correlation between aid and economic growth in the data. The
growth effects occur early on, while the aid continues into the future during
periods when the growth effects have long since vanished. If aid is cut
somewhat, rather than increased, then there will be a reversion in ﬁscal policy
and growth. Thus, aid will be ﬂowing to a country experiencing negative
growth.
VII. Conclusion
This paper proposes the adoption of calibrated dynamic general equilibrium
models of growth and development as a framework for evaluating the
effectiveness of foreign aid policies, alongside econometric techniques and
case studies. In applying this method to development aid, we argue that four
guiding principles should be followed.
 The underlying model must ﬁrst be able to replicate important growth
facts before it is used in assessing aid policy.
 The microeconomic sources of poverty must be identiﬁed in order to
sharpen policy remedies and to make welfare comparisons of alternative
policies.
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 The objectives of the domestic government must be modeled so that the
policy responses to aid reforms can be accounted for and welfare effects
used to calculate the required aid cost of reforms.
 Some insight should be provided into why econometric methods have not
been able to identify a robust positive correlation between aid and
economic growth.
In this paper, we developed a very simple model that illustrates how the four
principles can be applied. Even though the analysis demonstrates the
potential beneﬁts of the approach, our prototype model must be modiﬁed to
match certain key facts of development before its recommendations for aid
policy can be taken seriously. In particular, it would be important to extend
the model to include an informal sector, as in Lord and Rangazas (2006).
In addition, economic growth is almost uniformly associated with (1) a
demographic transition (2) an economic transformation from informal to
formal methods of production and (3) a rising share of government spending
as a fraction of GDP—Wagner’s Law. A two-sector model would allow us to
directly address fact (2). Although we capture fact (2) with the current model,
Lord and Rangazas (2006) show that facts (1) and (2) are likely connected.
The inability of governments to effectively tax the informal sector is likely
related to fact (3).
Another important extension is to consider additional possible conﬂicts
of interest that prevent or drive up the aid cost of pro-growth policies. For
example, recent work on the political economy of education offers new
insights into potential sources of conﬂicts. Galor, Moav, and Vollrath (2005)
use a two-sector model with agriculture and manufacturing to explore the
link between the economic transformation and the public provision of
education. They assume that human capital is not productive in agriculture,
which makes landowners reluctant to ﬁnance any part of public education.
As the economy develops, physical capital replaces land as a source of
wealth. Unlike land, physical capital is complemented by human capital in
production. Thus, in this model, political support for public ﬁnancing of
education rises over time. Extensions of this framework to include fertility
choices would result in a theory capable of addressing all three features
of growth mentioned above, in addition to introducing a new source of
policy conﬂict.
Potential conﬂicts may also arise in models with income inequality. For
example, Galor and Moav (2004) assume initial wealth differs across
households. In the presence of credit constraints, this causes the marginal
propensity to save and invest in human capital to differ across households.
‘‘Rich’’ households invest efﬁciently in human capital and own physical
capital. ‘‘Poor’’ households own no physical capital and their human capital
investments are below efﬁcient levels. This structure introduces a possible
source of conﬂict over aggregate policies. It also allows one to examine the
interaction between economic growth and income inequality, a central
concern of policymakers.
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APPENDIX
Optimal Fiscal Policy in a Closed Economy

Domestic ﬁscal policy is determined by maximizing Equation (10) subject to the
government budget constraint and the accumulation equations for private and
public capital. The private household’s indirect utility function may be written as
Ut ¼ U0 þ Ut þ ð1 þ bÞ ln wt þ b lnð1 þ rtþ1 Þ þ c ln wtþ1 ;
 t ¼ (1 þ b)ln ht þ cln nt þ 1 þ cln ht þ 1 is independent of
where U0 is a constant and U
ﬁscal policy. For the purpose of setting optimal ﬁscal policy, the government can
then be modeled as choosing tax rates and public capital to maximize
1
X

bi ðln cgtþi þ ffð1 þ bÞ ln wt þ b lnð1 þ rtþ1 Þ þ c ln wtþ1 gÞ;

(10 0 Þ

i¼0

subject to Equations (5) and (7)–(9).
Substituting the constraints into the objective function and collecting common
terms yield the following equivalent problem:
1
h
i
X
mð1aÞ
max 1
bi1 ln stþi1 katþi1 gtþi1 hA
tþi1  gtþi ð1 þ qÞntþi
fstþi ; gtþi ; ktþi gi¼1

þf

1
X

i¼1

bi1 f½bða  1Þ þ ca þ bað1 þ bÞ

i¼1

ln ktþi þ mð1  aÞ½ðb þ cÞ þ bð1 þ bÞ ln gtþi
þ½b þ c þ bð1 þ bÞ lnð1  stþi Þg
(
)

mð1aÞ
1
X
ð1  stþi Þð1  aÞkatþi1 gtþi1 htþi1
b
þ
ltþi
 ktþi ;
1þbþc
ð1 þ qÞntþi hA
tþi
i¼1
where l is the multiplier associated with the private capital accumulation constraint.
To solve this sequence problem, begin by differentiating to get the ﬁrst-order
conditions for st þ i, gt þ i, kt þ i, lt þ i. Next, substitute into the ﬁrst-order conditions
htAþ i, where B is an
the ‘‘guess’’ (1 þ q)nt þ i þ 1gt þ i þ 1 ¼ Bsnt þ ikat þ igtm(1a)
þi
undetermined coefﬁcient. Finally, solve the ﬁrst-order conditions for B, st þ i, gt þ i,
and kt þ i to get Equation (11).
Optimal Fiscal Policy in an Open Economy

In an open economy, the government’s problems can be written so that they solve
"
#
a

1
X
ð1stþi1 Þa 1a m
i1
A
max
b ln stþi1
gtþi1 htþi1 gtþi ð1þqÞntþi
1þrw
fstþi ;gtþi g1
i¼1 i¼1
þf½cþbð1þbÞ

1
X
i¼1

bi1

1
lnð1stþi Þþmlngtþi
1a

This problem differs from the closed-economy problem because private capital
intensity is now determined by international capital ﬂows rather than by domestic
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saving. In a closed economy, government policy affected private capital formation
by affecting the after-tax wage of savers that funded the subsequent period’s private
capital intensity. Now, government policy affects private capital intensity by
affecting the marginal product of private investments in the poor country—reduced
by higher tax rates and raised by higher public capital intensity. In an open economy,
government policy has a more immediate effect on private capital formation—this
period’s policy affects this period’s capital intensity rather than this period’s saving
ﬂow and next period’s capital intensity.
Differentiating with respect to st þ i and gt þ i generates ﬁrst-order conditions. As
before, guess a solution for g of the form
a

að1  stþi Þ 1a m A
gtþi htþi :
ð1 þ qÞntþiþ1 gtþiþ1 ¼ Bstþi
1 þ rw
Substitute into the ﬁrst-order conditions and solve for st þ i and B to get the
solution in the text.
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Commodity Price Shocks and the Odds on Fiscal
Performance: A Structural Vector Autoregression
Approach
FRANCIS Y. KUMAH and JOHN M. MATOVU
Unanticipated changes in commodity prices can generate signiﬁcant movements
in ﬁscal aggregates. This paper seeks to understand the dynamics of these ﬁscal
movements in the context of transitory commodity price shocks, using sample
data from four countries of the Commonwealth of Independent States—two oilexporting and two non-oil-exporting commodity-intensive countries. It adopts a
structural vector autoregression approach to identify dynamic effects of
commodity price shocks on ﬁscal performance under two broad tax regimes.
Stochastic simulations indicate high probabilities of ﬁscal overperformance in
the short term when commodity prices are high. These probabilities deteriorate
signiﬁcantly, however, in the long run after the transitory positive commodity
price shock has dissipated, particularly when lax ﬁscal policy is adopted during
the period of the price boom. [JEL C50, E62, E66]
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C

hanges in commodity prices translate into shifts in ﬁscal performance.
When commodity prices decline—particularly in the case of
commodity-intensive countries—output growth rates decline, the external
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current account balance worsens, and macroeconomic adjustment processes
may stall. In the opposite case of commodity price increases, as in the case of
the recent hike in the price of petroleum products, commodity exporters gain,
and this is reﬂected in stronger external current account balances, output
growth, and ﬁscal positions—as has recently been the case of most oilexporting countries, including Kazakhstan and Russia.
Fiscal performance in single-commodity-exporting countries—some of
which are oil exporters—depends signiﬁcantly on commodity prices. For
agricultural-commodity exporters, a decline in the international prices of
their export commodities worsens their terms of trade and external current
account balances and reduces tax revenues. The situation may worsen if the
decline in the prices of these exports is accompanied by oil price hikes (in the
case of nonoil exporters). Where ﬁscal policy adjusts to the adverse external
shock through streamlining of nonessential expenditures, the burden of
private sector adjustment is reduced. Without ﬁscal adjustment, the terms-oftrade shock translates directly into increasing ﬁscal deﬁcits—resulting in the
twin deﬁcits phenomenon.
This paper is focused on two main issues: (1) the extent to which high
volatility of commodity prices affects ﬁscal performance by increasing the
probability of underperformance and (2) the effects of the mode of
sequencing of tax and expenditure policy decisions on ﬁscal performance in
the context of transitory commodity price shocks. To shed light on these
issues, the paper estimates probabilities of exceeding ﬁscal revenue ﬂoors and
expenditure and deﬁcit ceilings in the context of commodity price shocks
under two broad tax regimes: a passive tax regime (in which tax decisions are
taken in advance and independent of expenditure decisions) and an active tax
regime (in which expenditure decisions inﬂuence tax decisions, as the former
precedes the latter). Data from two oil-exporting countries (Kazakhstan and
Russia) and two non-oil-exporting commodity-intensive countries (the
Kyrgyz Republic and Tajikistan) are used in the analysis. Whereas a
composite commodity price index (comprising the price indices for oil and a
major export commodity) is used in analyzing the impact of commodity price
shocks on the latter group of countries, commodity price shocks in the
former group are limited to oil price shocks.
A structural vector autoregression (VAR) approach is used to measure
ﬁscal performance under two broad tax regimes in the context of volatile
commodity prices. Estimated impulse-response functions indicate that, for
both groups of countries, increases in commodity prices have signiﬁcant
effects on tax collection, expenditures, and the ﬁscal balance, with the effects
on taxes and expenditures being higher on average under the active tax
regime than under the passive regime. The latter ﬁnding is explained by the
implied high tax costs on the private sector under the active tax regime
(which yields nontrivially higher tax revenues than the passive regime). Also,
the active tax regime introduces more uncertainty into decision making by
businesses, because it will presumably require more frequent changes in tax
laws or tax administration, especially where ﬁscal outcomes are highly
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sensitive to commodity price shocks. Further analysis indicates that although
the probability of exceeding tax ﬂoors is higher under the active tax regime
than under the passive regime, the likelihood of exceeding deﬁcit ceilings
tends to be higher under the former regime in the long run, as the positive
commodity price shock dissipates. This result reﬂects the likelihood of
increasing expenditures under the active tax regime in anticipation of tax
revenues in the context of transitorily favorable commodity price shocks. It
indicates the need for caution in projecting expenditure paths before ﬁnding
tax revenue sources (especially when tax revenues are volatile)—as in the case
of medium-term ﬁscal projections aimed at increasing social outlays to meet
the United Nations’ Millennium Development Goals.
Our ﬁndings underscore the role of uncertainty and commodity price
volatility in ﬁscal management. Countries are continually faced with the
challenge of absorbing commodity price volatilities without undermining
growth. Additionally, a temporary commodity price increase can undermine
longer-term ﬁscal performance if caution is not exercised in spending during
the boom periods. Further, active tax policy may require additional
ﬁnancing—the source of which might adversely affect macroeconomic
stability—as it yields higher deﬁcits in the long run and increases output volatility.
I. Commodity Dependence and Vulnerability
to Commodity Price Shocks
Commodity Price Changes and Fiscal Performance
Commodity price shocks play a signiﬁcant role in external accounts and ﬁscal
developments of the countries studied. In general, for all four countries,
production of commodities accounts for a signiﬁcant proportion of national
output, ranging from an average in 2000–04 of 7 percent in the Kyrgyz
Republic to 21 percent in Russia (Table 1). For the oil-exporting countries,
Kazakhstan and Russia, ﬁscal revenues from oil exports remain signiﬁcant,
averaging 22½ percent during 2000–04 in both countries. At the same time,
the recent high world oil prices continue to boost growth in these countries.
Reﬂecting these developments, the overall general government ﬁscal surplus
averaged about 2 percent of gross domestic product (GDP) in Kazakhstan
during 2001–04. The country’s total ﬁscal revenues increased to 26 percent of
GDP in 2004 from 22 percent in 2000, about a third of which was derived
from oil revenues. Russia also derives about a third of its ﬁscal revenues from
taxing oil production and related activities. On the other hand, as the
economies of the Kyrgyz Republic and Tajikistan continue to diversify away
from single-commodity dependence, the share of revenues from taxing
commodities has declined. For example, the contribution of aluminum and
cotton taxation to total revenues in Tajikistan has declined signiﬁcantly to
about 9 percent at the end of 2004, from 25 percent in 2000.
There is a close association between commodity prices and ﬁscal
performance in the oil-exporting and non-oil-exporting commodityintensive countries of our sample (Figure 1). In particular, there is a
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Table 1. Commodity Prices and Fiscal Vulnerability Indicators, 2000–04
(In percent of GDP, unless otherwise indicated)

2000
Commodity prices
Aluminum prices
(U.S. dollars per metric ton)
Cotton prices (U.S. cents per pound)
Oil prices (U.S. dollars per barrel)
Gold prices (U.S. dollars per ounce)

2001

2002

2003

Average
2004 (2000–04)

1,551.5 1,446.7 1,351.1 1,432.8 1,718.5 1,500.1
59.0
28.3
279.2

48.0
24.4
271.1

46.3
25.0
310.0

63.4
28.9
363.5

62.0
38.3
409.2

55.8
29.0
326.6

Kazakhstan
Oil and gas production
Oil revenues as percent of total revenues
Oil exports as percent of total exports
Total revenues
Total expenditures

9.3
15.3
46.8
21.7
22.5

8.0
25.8
48.9
25.7
23.0

9.1
19.5
50.2
22.5
21.0

9.3
23.5
53.1
25.4
22.5

11.5
28.7
55.4
26.0
23.3

9.4
22.5
50.9
24.3
22.5

Kyrgyz Republic
Gold production
Gold revenues as percent of total revenues
Gold exports as percent of total exports
Total revenues before grants
Total expenditures

9.0
2.4
38.2
17.6
28.9

9.0
1.9
46.8
19.5
26.0

5.2
2.6
32.7
21.7
28.1

6.8
4.7
44.0
21.7
27.4

7.1
5.5
39.2
22.3
27.2

7.4
3.4
40.2
20.6
27.5

Russia
Oil production
Oil revenues as percent of total revenues
Oil exports as percent of total exports
Total revenues
Total expenditures

25.5
20.2
34.5
15.5
14.6

20.6
20.1
33.4
15.0
15.2

20.1
20.0
36.9
15.2
15.7

19.5
23.6
39.5
14.6
15.1

20.9
28.7
42.8
14.3
14.2

21.3
22.5
37.4
14.9
15.0

y
25.3

16.9
17.8

17.0
12.6

16.1
12.3

15.4
9.3

16.4
15.5

65.5

71.9

75.4

78.0

80.3

74.2

13.6
19.2

15.2
18.4

16.7
19.2

17.3
19.1

17.9
20.7

16.1
19.3

Tajikistan
Aluminum and cotton production
Aluminum and cotton revenues
as percent of total revenues
Aluminum and cotton exports
as percent of total exports
Total revenues
Total expenditures

Sources: Country authorities; and IMF staff estimates.

generally positive correlation between tax revenues and commodity prices in
all four countries, and expenditures also tend to vary directly with these
prices. Figure 1 also depicts movements in commodity price indices. For
Russia and Kazakhstan, the commodity price index coincides with the oil
price index during the period under consideration, whereas for the Kyrgyz
Republic and Tajikistan, the commodity price index is a weighted average of
the oil price index and the price index of the main export commodity—gold
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Figure 1. Correlations Between Commodity Prices and Fiscal Aggregates
Kazakhstan
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Correlation coefficients
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I
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P_oil-expenditures 0.18
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0.31
0.51

III
0.75
0.35

2000:Q2

IV
0.42
0.74

V
0.39
0.46

2002:Q2

Overall
0.65 (20.77*)
0.03 (5.22)

2004:Q2
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V
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0
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Tajikistan
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Correlation coefficients
Period:
I
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III
IV
V
Overall
P_oil-revenues
0.32 0.43 0.81 0.32 0.60 0.33 (3.15)
P_oil-expenditures
0.17 0.27 0.53 0.74 0.63 0.12 (1.12)

2003:Q1

Correlation coefficients
Period:
I
II
III
IV
V
Overall
Pcom-revenues
– 0.10 –0.10 0.31 0.13 0.26
0.43 (14.26*)
Pcom-expenditures –0.45 –0.07 0.13 0.57 0.13 –0.02 (0.12)

Composite commodity price index
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I

V

150

Kyrgyz Republic
100
80

IV

III

200

100
I

II

III

IV

V

VI

80
60
40
20
0
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Correlation coefficients
Period:
I
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III
Pcom-revenues
0.84 – 0.23 0.21
Pcom-expenditures 0.93 0.25 – 0.27

IV
0.92
0.77

2002:Q1

2004:Q1

V
VI
Overall
0.30 0.61 0.78 (21.23*)
0.76 0.63 0.78 (21.59*)

Source: Country authorities; and authors’ estimates.
Notes: Alternating shaded and unshaded areas, consecutively labeled from I to VI, depict periods
of commodity price increases and decreases, respectively. P_oil is the oil price index, and for
Tajikistan and the Kyrgyz Republic, Pcom denotes the commodity price index. An asterisk ()
indicates signiﬁcance of the Ljung-Box Q-statistics, indicating rejection of the null of no correlation
at the 5 percent signiﬁcance level.

in the Kyrgyz Republic, and cotton and aluminum in Tajikistan. During the
identiﬁed episodes of commodity price changes (the shaded portions of
Figure 1 indicate periods of rising commodity prices), we observe a positive
correlation between these prices and expenditures when prices are increasing,
especially in the oil-exporting countries. In some instances, these correlations
fall with declining commodity prices—and even become negative, indicating
nonreversal of spending patterns during commodity price downturns,
precisely because procyclical expenditure retrenchments are generally rare.
Observed variations in ﬁscal performance are partly inﬂuenced by
commodity price volatility. International commodity prices (aluminum,
cotton, and oil prices) are characterized by strong volatility with periodic
persistent upward trends, such as that exhibited by recent world oil price
increases. Gold prices have been relatively less volatile over the past two
years, but have also seen large swings in the past. The high volatility
exhibited by oil prices could be a result of the structure of the market,
geopolitical inﬂuences, and the high ﬁxed costs involved in exploration and
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production of oil (Engel and Valdés, 2000). For commodity-dependent
countries, the high volatility of revenues is sometimes accompanied by
procyclical spending patterns that increase ﬁscal policy uncertainty and
reduce growth (Barnett and Ossowski, 2002).
II. Identifying Fiscal Regimes and Commodity Price Shocks
Following an investigation of the time series characteristics of the data (see
the Appendix for data description and sources, and Kumah and Matovu
(2005) for the detailed time series characteristics of the data), an empirical
assessment of the effects of commodity price shocks on ﬁscal performance is
carried out within a structural VAR framework. The approach allows for
identiﬁcation of independently distributed and economically meaningful
price shocks. In addition, the approach permits a distinction between
stochastic automatic feedback effects and discretionary (unanticipated)
policy shocks, and estimation of the direct impact of shocks so identiﬁed.
In particular, the direct impact of commodity price shocks on tax revenues
can be distinguished from the effects of discretionary changes in tax policy—
just as the automatic stabilizing effects of taxes on output can be isolated
from unanticipated output shocks.
As is well known in the empirical literature on monetary policy shocks,
proper identiﬁcation of independent policy shocks depends on appropriate
speciﬁcation of the VAR. The identiﬁcation of ﬁscal shocks poses even more
challenges because, unlike most monetary policy shocks, ﬁscal policy changes
are often announced well before they are implemented.
To uncover economically meaningful shocks, we follow Blanchard and
Perotti (1999) and use a structural VAR speciﬁcation of the form
2

1

6
60
6
6
60
4

0

0

1

0

0

1

0

32

upcom
t

3

76 Rev=y 7
7
6
a24 7
7
76 ut
7
76
6 uExp=y 7
a34 7
54 t
5

0 a42 a43
1
uyt
32 pcom 3
2
vt
1
0
0 0
76 Rev=y 7
6
7
6 b21 1 b23 0 76 vt
7
76
6
¼6
7
76
6 b31 b32 1 0 76 vExp=y 7
5
54 t
4
y
0 1
b41 0
vt

(1Þ

using the vector of variables Xt ¼ [ln Pcomt, ln(Revt/yt), ln(Expt/yt), ln yt] 0 ,
with the elements representing the logarithms of the commodity price index,
revenue/ GDP ratio, government spending/GDP ratio, and nominal GDP,
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respectively.1 The variable vt is a matrix of economically meaningful
structural shocks assumed to be serially uncorrelated with a diagonal
contemporaneous covariance matrix, O, and ut is a matrix of innovations.
The coefﬁcients on the left-hand side capture the working of automatic
stabilizers, whereas those on the right-hand side reﬂect responses to shocks—
unexpected commodity price shocks (vtpcom), discretionary ﬁscal policy
and vExp/y
) and output shocks (vyt ). The system depicts
shocks (vRev/y
t
t
contemporaneous relationships between automatic-stabilizing innovations
and discretionary policy decisions. It assumes, from the point of view of
automatic stabilizers, a time lag between commodity price innovations and
changes in revenues, expenditures, and output. Following Fatás and Mihov
(2001), Blanchard and Perotti (1999), and Perotti (2002), we assume that
government tax and spending decisions do not react contemporaneously to
changes in real activity.
To identify the structural shocks, we adopt an approach used by
Blanchard and Perotti (1999) to extract the automatic stabilizers from tax
and spending innovations. The argument used by Blanchard and Perotti is
that using time series at the quarterly frequency ensures that there is no
discretionary response of ﬁscal policy (tax and expenditure changes) to
unexpected movements in output within the same period. As a consequence,
movements in tax revenues within the same quarter exclude the effects of
output shocks and are solely attributed to commodity price shocks,
expenditure shocks, and tax policy shocks. For instance, in Equation (1), if
there is no response of discretionary tax policy to unexpected movements in
expenditures (that is, for b23 ¼ 0), then movements in taxes are due solely to
passive tax policy. Following Blanchard and Perotti, we use prior
information on a24 and a34—estimated from the data as output
elasticity of tax and expenditures, respectively—in extracting the short-term
impact of automatic stabilizers. The new reduced-form tax and expenditure
innovations are therefore cyclically adjusted tax revenues and government
spending innovations derived as follows:
Rev=y

u~t

Rev=y

 a24 uyt ;

Exp=y
ut

a34 uyt :

¼ ut

(2Þ
Exp=y
u~t

¼



1

Our choice of variables to include in the VAR was inﬂuenced by the lead provided by
Blanchard and Perotti (1999) and our speciﬁc interest in sensitivity of ﬁscal outcomes to
commodity price shocks. Nevertheless, we investigated the impact of world interest rate
shocks on government ﬁnances—the results show insigniﬁcant sensitivity of the ﬁscal stances
to world interest rate shocks. This ﬁnding may be due to the fact that most debt in these
countries—except Russia, perhaps—is contracted on concessional terms with long maturities,
and interest payments are generally a small component of total spending.
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Combining Equations (1) and (2) and with further manipulations, the
structured system can be speciﬁed in the form:
32 pcom 3
2 pcom 3 2
vt
ut
1 0 0 0
76 Rev=y 7
6 Rev=y 7 6
7 6 a 1 b 0 76 vt
7
6 u~t
7 6
7
76
6
(3Þ
7¼6
7:
76
6
6 u~Exp=y 7 6 g w 1 0 76 vExp=y 7
5 4
5
54 t
4 t
uyt

y1

y2

y3

1

vyt

It is easy to show, using Equations (1)–(3), that
a ¼ b21 ; b ¼ b23 ; g ¼ b31 ; w ¼ b32 ; y1 ¼ a42 þ a43 b21 þ a43 b31 ;
y2 ¼ a42 þ a43 b32 ; and y3 ¼ a42 b23 þ a43

:

The coefﬁcients in the ﬁnal form of the system as represented in Equation (3)
can be interpreted as follows:
 Commodity price shocks are strictly exogenous.
 a indicates the response of government revenues to unanticipated
commodity price shocks, whereas b measures the response of revenues
to discretionary expenditure decisions.
 Government expenditures respond to commodity price and revenue
shocks—the strengths of the responses are indicated by the coefﬁcients g
and w, respectively.
 Cyclically adjusted revenues and expenditures do not respond to
unanticipated output shocks within the same quarter, simply because
the cyclical components of these revenues and expenditures have been
extracted away using the ﬁlters indicated in Equation (2).
 Output responds contemporaneously to unanticipated commodity price
shocks and discretionary revenue and expenditure policy shocks—the
magnitudes of the responses are given by y1, y2, and y3, respectively.
Discretionary revenue and expenditure decisions affect output only
indirectly through the autonomous relationship between output,
revenues, and expenditures as indicated in Equation (1)—in fact, y2 and
y3 are functions of the autonomous responses of output to revenues and
expenditures (a42 and a43, respectively), the response of revenues to
discretionary expenditure shocks (b), and the response of expenditures to
discretionary revenue shocks (w), with y2 ¼ a42 þ a43w and y3 ¼ a42b þ a43.
Without further restrictions, the system represented in Equation (3) is
unidentiﬁed. We adopt two broad characterizations of tax regimes to help
identify the economically meaningful shocks as follows:
(1) Passive tax regime: This regime is characterized by weak exogeneity of
government spending decisions on tax revenues (b ¼ 0). Two versions
of this model are estimated. The ﬁrst version assumes immediate impact
of tax and spending decisions on output (Model I: b ¼ 0, an exactly
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identiﬁed model). Under the second version, tax decisions affect output
only with a lag (Model II: b ¼ 0 and y2 ¼ 0, an overidentiﬁed model).
(2) Active tax regime: Under this regime, expenditure decisions are taken
without any contemporaneous feedback or considerations for tax
performance (that is, where w ¼ 0), whereas tax decisions accommodate
expenditure plans. Just as under the passive tax regime, we consider two
alternative situations—immediate effect of tax and expenditure
decisions on output (Model III: w ¼ 0, an exactly identiﬁed model),
and the absence of a contemporaneous tax effect on output (Model IV:
w ¼ 0 and y2 ¼ 0, an overidentiﬁed model).
In terms of political economy, the passive tax regime implies that tax
decisions are made prior to and independent of expenditure decisions,
whereas the active tax regime assumes subordination of tax decisions to
spending programs.
III. Empirical Results
Effects of Commodity Price Shocks
Contemporaneous effects of shocks
Table 2 presents estimates of contemporaneous effects of commodity price
shocks on innovations in ﬁscal aggregates under alternative ﬁscal regimes.
It indicates (1) the magnitude and signiﬁcance of the impact of commodity
price shocks on tax innovations, (2) the varying impact and signiﬁcance of
expenditure shocks on tax innovations, and (3) the importance of commodity
price shocks and discretionary ﬁscal policy shocks on output. It also presents
information on the statistical credibility of the differentiation within each
broad ﬁscal regime—in short, the signiﬁcance of the overidentifying
restrictions.
The results indicate a generally signiﬁcant positive impact of commodity
price shocks on revenue/GDP innovations (a). In addition, expenditure/GDP
innovations increase in response to commodity price shocks and
discretionary tax policy shocks. In all the countries, except Kazakhstan, we
ﬁnd positive and signiﬁcant responses of revenue/GDP innovations to
commodity price shocks. Even in the case of Kazakhstan, the estimates have
the correct signs, although they are not statistically signiﬁcant. Further, these
results are largely independent of ﬁscal regimes, except in Tajikistan where
the responses differ signiﬁcantly between ﬁscal regimes—they jump from
about 0.7 under the passive tax regime to 3.0 under the active tax regime. The
estimated contemporaneous impact of commodity price shocks on revenue/
GDP innovations is particularly strong for Russia, where a 1 percent increase
in commodity prices results in an estimated 0.9 percent increase in revenue/
GDP innovations—reﬂecting the high oil intensity of the Russian economy,
with oil production contributing slightly more than one-ﬁfth of total revenues
in 2000–04 (Table 1). For the Kyrgyz Republic, the estimated responses are
about 0.5 under both tax regimes. This seeming invariance of the response of
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100
Table 2. Structural Parameter Estimates
Panel 1: Kyrgyz Republic

(1995:Q1–2004:Q4, number of lags=4)
Active tax regime

Parameters

a

w
y1
y2
y3
Likelihood ratio test for
overidentiﬁcation
w2 (1)
Signiﬁcance level

Passive tax regime

Active tax regime

Parameters
Model
I

Model
II

Model
III

Model
IV

0.444
(0.182)

0.444
(0.182)

0.467
(0.191)
0.333
(0.176)
0.543
(0.197)

0.467
(0.193)
0.333
(0.176)
0.543
(0.190)

b
g

(1996:Q1–2004:Q4, number of lags = 3)

0.573
(0.199)
0.333
(0.176)
0.430
(0.184)
0.158
(0.169)
0.087
(0.167)

0.573
(0.191)
0.347
(0.176)
0.406
(0.180)

0.088
(0.167)

0.876
0.349

a

0.423
(0.180)

g

y1
y2

0.032
(0.167)

1.750
0.186

Model
II

Model
III

Model
IV

0.675
(0.207)

0.637
(0.203)

1.868
(0.696)
3.460
(0.618)
5.894
(2.166)
10.692
(1.916)
3.083
(0.556)

0.682
(0.214)
0.296
(0.052)
6.915
(2.560)

3.018
(0.963)
4.631
(0.813)
0.530
(0.194)

3.018
(0.963)
4.631
(0.813)
0.530
(0.194)

7.179
(2.656)
0.578
(0.198)
13.684
(2.355)

6.216
(2.301)

b

w
0.430
(0.184)
0.177
(0.169)
0.033
(0.169)

Model
I

y3
Likelihood ratio test for
overidentiﬁcation
w2 (1)
Signiﬁcance level
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13.191
(2.269)

91.136
0.000

11.849
(2.039)

9.791
0.000
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Passive tax regime

Panel 2: Tajikistan

Table 2 (concluded)

Parameters

a

(1994:Q1–2004:Q2, number of lags = 3)
Passive tax regime
Model
I

Model
II

Model
III

Model
IV

0.018
(0.160)

0.018
(0.160)

0.042
(0.374)
2.1123
(0.374)
0.136
(0.162)

0.042
(0.374)
2.113
(0.374)
0.136
(0.162)

b
g
w
y1
y2
y3
Likelihood ratio test for
overidentiﬁcation
w2 (1)
Signiﬁcance level

Active tax regime

0.318
(0.378)
2.1123
(0.374)
0.085
(0.168)
0.0765
(0.167)
0.2892
(0.167)

0.318
(0.381)
2.1323
(0.375)
0.085
(0.167)

2.899
(0.167)

0.210
0.647

Panel 4: Russia
Parameters

a

0.082
(0.161)

g

y1
y2

0.0524
(0.160)

3.235
0.072

Passive tax regime

y3

Active tax regime

Model
I

Model
II

Model
III

Model
IV

0.859
(0.226)

0.859
(0.226)

0.516
(0.198)
0.2551
(0.177)
0.400
(0.200)
0.3505
(0.188)
0.278
(0.178)

0.514
(0.195)
0.164
(0.167)
0.381
(0.190)

0.886
(0.233)
0.255
(0.177)
0.500
(0.192)

0.886
(0.233)
0.255
(0.177)
0.500
(0.192)

0.400
(0.200)
0.2709
(0.178)
0.356
(0.188)

0.386
(0.193)

b

w
0.085
(0.168)
0.2941
(0.1669)
0.546
(0.167)

(1994:Q2–2004:Q2, number of lags = 4)

Likelihood ratio test for
overidentiﬁcation
w2 (1)
Signiﬁcance level

0.2934
(0.179)

3.671
0.055

0.3437
(0.181)

2.407
0.121

Source: Authors’ estimates.
Notes: Figures in parentheses are estimated standard errors. The likelihood ratio test for overidentiﬁcation is derived under the null hypothesis of
equality of the two models under each ﬁscal regime.

101

©International Monetary Fund. Not for Redistribution

COMMODITY PRICE SHOCKS AND THE ODDS ON FISCAL PERFORMANCE

Panel 3: Kazakhstan
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revenue/GDP innovations to commodity price shocks across tax regimes
could be due to either of two factors—improper speciﬁcation of the data
generation process or the tax treatment of oil extraction and petroleum trade
in practice in the oil-exporting countries and of commodity trade in the nonoil-exporting countries.
Regarding the response of expenditure/GDP innovations, the results
indicate a signiﬁcant and positive contemporaneous effect of commodity
price shocks—the estimate of g is signiﬁcant across tax regimes in all the
countries of our sample, except under the passive tax regime in Kazakhstan.
The responses are generally invariant to changes in ﬁscal regimes, and the
increase in expenditure/GDP innovations across tax regimes to a 1 percent
shock to the commodity price is about 0.5 percent in Russia and the Kyrgyz
Republic. For Tajikistan, the response is lower (averaging 0.5 percent) under
the active tax regime than under the passive tax regime (averaging 1.3
percent). The response is insigniﬁcant and lowest in Kazakhstan—
discretionary spending has mainly dominated recent expenditure patterns,
probably because the country has only recently started exploiting its natural
oil resources. For all the countries, the estimate of w indicates a positive
response of expenditures to discretionary tax increases.
Estimated within-quarter output responses reveal the following: (1)
although positive commodity price shocks tend to increase output in the oilexporting countries and the Kyrgyz Republic, these shocks reduce output
signiﬁcantly in Tajikistan; (2) discretionary revenue shocks generally display
characteristic Keynesian-type effects—tax increases reduce output—with the
tax multiplier averaging –0.3 in Russia; but (3) output response to
expenditure shocks displays mixed results, possibly reﬂecting inadequate
variation in discretionary expenditures after excluding the autonomous
expenditure component. The estimated negative effect of commodity price
increases on output in Tajikistan is explained perhaps by the high oil
intensity of the economy. Similar growth effects for oil-importing countries
have been found by earlier studies (see, for example, Jiménez-Rodrı́guez and
Sánchez, 2004). By excluding oil from the price index, we ﬁnd that
commodity price booms tend to be associated with increases in nominal
output in the Kyrgyz Republic and Tajikistan.2
Except in the case of Tajikistan, the likelihood ratio test for equality
between the two models could not reject the null hypothesis at the 5 percent
signiﬁcance level, suggesting that each ﬁscal regime could be represented by
one model. Thus, in what follows, we limit our discussions to Model I
(representing the passive tax regime) and Model III (representing the active
tax regime). This means that, although we accept equality of models within
tax regimes, we leave the signiﬁcance of the sequencing of expenditure and

2

These results underscore the need for further research, especially on the relative
importance of the channels through which symmetric and non-symmetric commodity price
shocks affect output.
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tax decisions to be statistically determined, contrary to the speciﬁcation
adopted by Blanchard and Perotti (1999). This paper extends the
Blanchard—Perotti approach and tests for differences in responses to
commodity price shocks across tax regimes, a distinction that was not made
in Blanchard and Perotti.
Dynamic effects of commodity price shocks
Turning to the estimated impulse-response functions, we focus on the
dynamic effects of identiﬁed commodity price shocks under both tax regimes.
The response variables of interest are the revenue/GDP, expenditure/GDP,
and ﬁscal balance/GDP ratios. All the simulations are performed by
considering a 1 percent positive transitory shock to the commodity price
index and its impact on the ﬁscal aggregates over 12 quarters following the
shock. The results in Figure 2 are the estimated average dynamic responses
for the oil-exporting countries (Kazakhstan and Russia) and the non-oilexporting commodity-intensive countries (the Kyrgyz Republic and
Tajikistan).
The results indicate that, following a 1 percent positive shock to the
oil price (in the case of the oil-exporting countries), revenues increase
leading to budget surpluses. For the non-oil-exporting countries, the increase
in the composite commodity price index leads to increases in revenues,
expenditures, and the budget deﬁcit. This latter result reﬂects the incremental
cost of oil imports on the budget—increasing budget deﬁcits, despite the
increases in revenues in response to increases in the prices of their export
commodities. The overall change in the ﬁscal balance for the two groups of
countries seems more pronounced under the active tax regime than under the
passive tax regime (that is, under Model I, where tax policy is assumed
independent of, and in advance of, expenditure decisions).3 This ﬁnding is
partly explained by rigidity of expenditures even as commodity price
increases dissipate.
Output responses differ across ﬁscal regimes. When tax policy leads, and
is independent of, expenditure decisions (as under the passive tax regime),
output volatility is lower for both groups of countries than when expenditure
decisions are made in anticipation of tax receipts (as under the active tax
regime). Again, whereas the positive oil price shock increases output in the
oil-exporting countries, the composite commodity price shocks in the nonoil-exporting countries reduce output because of the inclusion of oil prices in
the composite index. An alternative speciﬁcation of the commodity price
index (where oil prices are excluded from the index) in the analysis on
3
The average responses shown in Figure 2 blur the differences between responses across
tax regimes. Country-speciﬁc responses, not reported in this paper, display more distinct
variations across tax regimes. In Figure 2, the differences between responses across tax regimes
are more pronounced for output than for the ﬁscal aggregates. Intuitively, this result is mainly
due to the additional effects of changes in taxes and spending on output (through y2 and y3 in
Equation (3)), following the commodity price shock.
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Figure 2. Tax Regimes and Responses to Commodity Price Shocks (In percent)
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Source: Authors’ estimates.
Notes: The charts reﬂect estimates of responses to a 1 percent increase in the composite
commodity price index under alternative ﬁscal regimes—the passive tax regime (represented by
results from Model I) and the active tax regime (represented by results from Model III).

Tajikistan and the Kyrgyz Republic yields an increase in output in response
to a positive commodity price shock. Our untested hypothesis is that the
decline in output in each of the two countries—the Kyrgyz Republic and
Tajikistan—varies with the degree of oil intensity in each country. Thus, oil
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price increases lead to output declines in non-oil-exporting countries in our
sample, whereas oil-exporting countries reap gains in terms of output
expansion.
Further inspection of country-speciﬁc impulse-response functions reveals
broadly consistent responses among commodity-producing countries.
Speciﬁcally, in response to a positive commodity price shock, we observe a
rise in output during the ﬁrst year of the shock. After approximately four
quarters, the output response reaches its peak and reverts to its original level,
and in the long run the effects of the positive commodity price shock on
output tends to disappear.

Forecast Error Variance Decomposition
To assess the relative strength of shocks in explaining movements in ﬁscal
aggregates (essentially, movements of revenues and expenditures), we
consider forecast error variance decompositions under the two broad tax
regimes. Consistent with our earlier results, the decompositions suggest that
commodity prices have signiﬁcant short- and long-term effects on variations
in revenues. This impact is particularly strong for the oil-exporting countries.
It is worth noting that oil price changes contribute signiﬁcantly to revenue
and expenditure variations over the forecast horizon. For instance, under the
active tax regime, more than 20 percent of the forecast error in the fourth
quarter is attributable to oil price changes. Aggregate supply shocks
(measured as variations in output) have a lower impact on revenues and
expenditures, especially in the short run. This result suggests that changes in
revenues and spending are driven mostly by commodity price ﬂuctuations
and the ﬁscal policy stance, including the effectiveness of tax administration
and budget execution.
The Odds on Fiscal Performance
The estimated model is used to generate stochastic simulations to assess the
likelihood of exceeding ﬁscal ﬂoors and ceilings (in the case of the non-oilexporting commodity-intensive countries, the Kyrgyz Republic and
Tajikistan) and of a worsening of the ﬁscal stance (in the case of the oilexporting countries, Kazakhstan and Russia) over the forecast horizon. Each
stochastic simulation generates a hypothetical response path for the variables
of the model following a positive shock to the commodity price index. These
hypothetical paths are functions of two determinants—structural disturbances
to the economy and the propagation mechanism of the economy, which are
characterized by the speciﬁcations under each ﬁscal regime.
The structural VAR simulation procedure used in the paper is similar to
that used by Dalsgaard and de Serres (1999). Unlike Dalsgaard and de
Serres, who use Monte Carlo simulations, we adopt a bootstrapping
approach with 2,000 replications of the estimated structural VAR (see
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Runkle (1987), for instance, for a description of this procedure)4 to simulate
impulse responses5 that are further analyzed in determining (1) the dynamic
behavior (in the forecast horizon) of revenues, expenditures, and ﬁscal
balances at the a1-signiﬁcance level and (2) the probability of exceeding
speciﬁed revenue, expenditure, and deﬁcit/surplus baseline or targets—
following a 1 percent commodity price shock. The simulations underlying the
likely levels of the ﬁscal aggregates at a given signiﬁcance level show
ﬂuctuations of these aggregates around their trend values in response to
unexpected commodity price shocks.
The estimated structural VAR is simulated 2,000 times and cumulative
distributions are derived for the estimated impulse responses under each tax
regime over the forecast horizon, k. Figure 3 shows an example of probability
distributions of the responses of the revenue/GDP ratio and the expenditure/
GDP ratio over the forecast horizon, following a 1 percent positive shock to
the commodity price index—the responses of the ﬁscal balance are derived
from these two. For illustrative purposes, the target/baseline revenue and
expenditure ratios in Figure 3 are set at 5 percent. The lines k ¼ 0, k ¼ 4,
k ¼ 8, and k ¼ 12 indicate the probability distribution of the ﬁscal ratios
(revenue/GDP and/or expenditure/GDP) k-quarters after a 1 percent positive
commodity price shock. For instance, the k ¼ 0 line in the revenue panel
indicates that the probability of exceeding the revenue baseline following a
positive 1 percent commodity price shock is about 90 percent (that is, 100
minus 10 percent). A corresponding estimate of the probability of exceeding
the expenditure baseline or ceiling at the zero horizon (that is, along line
k ¼ 0) is 80 percent (that is, 100 minus 20 percent). The various k-lines
indicate, therefore, the probabilities of exceeding ﬁscal ﬂoors or ceilings (or
baseline ﬁscal ratios) at various horizons following the positive price shock.
The ﬁgure also shows the likely levels of the ﬁscal aggregates at the a1signiﬁcance level at each horizon. These levels are given by the points of
intersection between the vertical line labeled ‘‘5 percent signiﬁcance level’’
and the estimated probabilities at each forecast horizon (k). The ﬁgure
suggests, for instance, that at the 5 percent signiﬁcance level, the revenue
ratio is likely to be above 5 percent of GDP for all k-quarterly forecast
periods following a 1 percent positive commodity price shock. This approach

4

The approach enables inferences on the likelihood of estimated responses exceeding
some predetermined levels—this yields the probabilities that we discuss in the next section. We
also infer the level of the responses at any given (say, a1) signiﬁcance level, yielding the
expression ‘‘a1-signiﬁcance level’’ of these responses.
5
This approach is widely used in the structural VAR literature to estimate conﬁdence
bands for simulated impulse responses. It assumes, however, that the impulse responses are
independently distributed through time, which in a strict econometric sense is not precise.
Hence, the conﬁdence bands should not be interpreted as the usual conﬁdence intervals, but
rather as indications of uncertainty around parameter estimates. This is precisely how we use
the simulated bands in this paper—to derive probabilities of exceeding ﬁscal targets and the
a1 -signiﬁcance levels of the relevant ﬁscal variables.
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Figure 3. Illustrative Probability Distribution of Fiscal Aggregates
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Source: Authors’ simulations, based on estimated structural VAR model.

is used to estimate the a1-signiﬁcance level of ﬁscal aggregates and
probabilities of ﬁscal overperformance relative to the baseline or target.
Fiscal aggregates at a1-signiﬁcance levels
The ﬁrst characterization of the responses of the ﬁscal aggregates to
commodity price shocks shows how the tax and expenditure aggregates will
ﬂuctuate around their trend values in response to a positive unexpected
transitory commodity price shock. The simulations provide, therefore, a basis
for determining the size of the buffer required to protect against unexpected
shocks driving these ﬁscal aggregates outside a speciﬁed band. Average
simulation results for the two sets of countries are presented in Figures 4 and
5. Again, Model I and Model III represent the passive and the active tax
regimes, respectively. The ﬁrst set of simulations searches for the upper
bound for the ﬁscal aggregates at a given conﬁdence level (in this case, at the
5 percent level), within the context of a positive commodity price shock.
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Figure 4. Simulated Average 5 Percent Signiﬁcance Levels of Fiscal Aggregates
Model I- Passive Tax Regime

Model III- Active Tax Regime
Non-Oil Exporting Commodity-Intensive Countries: Simulated Levels
Fiscal Aggregates
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Figure 5. Tax Regimes and Average Probabilities of Exceeding Prespeciﬁed Fiscal
Ratios (In percent)
Non-Oil Exporting Commodity-Intensive Countries
(Kyrgyz Republic and Tajikistan)

Oil-Exporting Countries
(Kazakhstan and Russia)
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Source: Authors’ bootstrapping simulations, based on estimated impulse-response functions.

The results vary across the countries in our sample, reﬂecting
institutional differences, and across models. Generally, the results for the
oil-exporting countries indicate higher revenue at the 5 percent signiﬁcance
level than expenditures over the forecast horizon, following a 1 percent oil
price shock—resulting in higher ﬁscal surpluses, particularly in the short run
(Figure 4). For the non-oil-exporting commodity-intensive countries,
however, the simulations point to higher levels of expenditures than
revenues. Thus, the simulations point to increases in ﬁscal surpluses (an
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improvement in ﬁscal performance) in the oil-exporting countries and an
increase in the deﬁcits (a worsening in ﬁscal performance) in the non-oilexporting ones, following the commodity price shock. This is because
expenditures increase in the latter group of countries following the
commodity price increase, although tax administration may not be strong
and ﬂexible enough to capture the potential tax yield from higher commodity
prices. Country-speciﬁc results described in Kumah and Matovu (2005)
reveal more details.
Further, the simulations suggest a higher likelihood of exceeding ﬁscal
ﬂoors and ceilings during the short term when prices are high. However, after
the transitory shock has dissipated, these probabilities decline signiﬁcantly.
Understandably, the levels of the ﬁscal aggregates suggested by the
simulations may differ from projections that take into account additional
considerations, such as the need for faster ﬁscal adjustment to support debt
sustainability and to foster private sector-led growth (as in the cases of
Tajikistan and the Kyrgyz Republic) or the need to use the oil revenues to
speed up reforms (as in the cases of Russia and Kazakhstan).
Probability of exceeding ﬁscal ﬂoors and ceilings
The second set of simulations estimates probabilities of exceeding ﬁscal ﬂoors
and ceilings (in the cases of the non-oil-exporting commodity-intensive
countries, the Kyrgyz Republic and Tajikistan) or performing worse than the
recent trend (in the cases of the oil-exporting countries, Kazakhstan and Russia).
These probabilities are conditional on the estimated responses to a 1 percent
positive shock to the commodity price index. A priori, one would expect the
probability of overperforming revenue ﬂoors to be higher under the active tax
regime than under the passive regime, because the former regime beneﬁts from
an additional revenue boost from expenditure increases. The simulation results
conﬁrm this belief, but this particular sequencing of tax and expenditure
policy—the active tax regime—does not necessarily yield higher/lower
likelihoods of exceeding ﬁscal surpluses/deﬁcits, because it is also generally
associated with higher expenditures than under the passive tax regime (Figure 5).
In general, ﬁscal ﬂoors and ceilings are easily exceeded during the ﬁrst year
of the positive commodity price shock. However, this performance deteriorates
shortly after the transitory shock. In the long run, the active tax regime yields
higher probabilities of exceeding deﬁcit ceilings, especially in the cases of the
non-oil-exporting commodity-intensive countries (the Kyrgyz Republic and
Tajikistan). This is mainly because expenditures that get entrenched during the
commodity price boom periods are adjusted slowly once the commodity price
declines. The results for the oil-exporting countries do not show signiﬁcant
differences between the two tax regimes, although they indicate long-term
deterioration of the ﬁscal stance. This result reﬂects the fact that the probability
of exceeding the prespeciﬁed expenditure ceiling rises faster than that of
exceeding the revenue ﬂoor, leading to a decline in the probability of exceeding
the ﬁscal surplus, particularly under the active tax regime.
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IV. Concluding Remarks
This paper estimated a standard structural VAR model, identiﬁed two broad tax
regimes, and carried out simulations that generated likely levels of relevant ﬁscal
aggregates at the 5 percent signiﬁcance level and probabilities of exceeding ﬁscal
ﬂoors and ceilings in the context of volatile commodity prices. The lessons from
the simulations suggest that sequencing of expenditure and tax policies is crucial
for ﬁscal performance. Thus, within the context of uncertain commodity prices,
countries have higher probabilities of meeting ﬁscal targets if they follow a more
conservative tax regime—a passive tax regime—rather than allowing revenue
targets to be determined by expenditure commitments. For the oil-producing
countries, expenditure restraint will be beneﬁcial when rising oil prices are
transitory, as in the case analyzed in this paper, because the probability of
overperforming recent trends in ﬁscal surpluses declines once the revenueenhancing effects of the transitory oil price increase dissipate.
In addition to adopting a conservative tax regime even in the context of
increasing commodity prices, increasing diversiﬁcation of the economy will help
enhance resilience (of non-oil-exporting commodity-intensive small economies, in
particular) to commodity price shocks. Increasing dependence of ﬁscal revenues
on commodity prices renders public ﬁnances vulnerable to a volatile external
variable that is, for the most part, largely beyond the control of policymakers.
This calls for further diversifying the economy by eliminating bottlenecks to
private sector development to bolster the resilience of the economy to external
shocks including commodity price shocks. The high volatility of commodity
prices also calls for ﬂexibility in the design and application of medium-term
budget frameworks in commodity-intensive economies.
APPENDIX
Data Description, Sources, and Time Series Characteristics

In estimating the reduced-form VAR for each of the countries in the sample, we use
the logarithm of seasonally adjusted quarterly data on a composite commodity price
index (Pcomt), relevant ﬁscal variables—the revenue/GDP ratio (Revt/yt) and the
expenditure/GDP ratio (Expt/yt)—and output (yt). These variables form the data set
{Xt:Xt ¼ [ln Pcomt, ln (Revt/yt), ln(Expt/yt), ln yt] 0 }. The composite commodity price
index for the oil-exporting countries in our sample (Kazakhstan and Russia)
coincides with the oil price index because their main export product is oil. For the
non-oil-exporting commodity-dependent countries, however, we use the weighted
average of the oil price index and the price indices of the main export commodities of
each country—gold for the Kyrgyz Republic and cotton and aluminum for
Tajikistan.6 The weights are derived as the 2004 shares of these commodities in the
total trade of each country. The revenue variable used in this paper includes tax and

6

In line with the focus of the paper, we include the price of oil in the index to capture the
direct impact of changes in these prices on tax receipts—and indirectly through the oil price
elasticity of output.
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nontax revenues, the expenditure variable comprises current and capital spending,
and output refers to nominal GDP.
The sample periods differ for each of the countries, reﬂecting data availability.
The sample covers 1995:Q1–2004:Q4 for the Kyrgyz Republic, 1996:Q1–2004:Q4 for
Tajikistan, 1994:Q1–2004:Q2 for Kazakhstan, and 1994:Q2–2004:Q2 for Russia.
Data on output, total revenues, and expenditures are obtained from International
Monetary Fund data sources complemented with data reported by the authorities.
Oil, aluminum, gold, and cotton prices are downloaded from Datastream.
Detailed analysis of the time series characteristics of the data (presented in
Kumah and Matovu, 2005) indicates that, generally, the logarithms of commodity
price indices and the output series follow unit root processes with possible drift,
whereas the revenue/GDP and expenditure/GDP ratios (except in the case of Russia)
follow stationary processes—that is, they are integrated by degree zero. Further, a
check for co-integration using the Johansen approach reveals that the data set for all
the countries have four co-integrating vectors. We therefore estimated the reducedform VARs using the logarithm levels of the variables, choosing the lag lengths to
ensure invertibility of the system and well-behaved error terms.
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Using panel data for 15 industrial countries, active labor market policies
(ALMPs) are shown to have a positive effect on employment rates, after
controlling for institutional variables and country-speciﬁc effects. Among such
policies, direct subsidies for job creation were the most effective. This paper
shows that ALMPs raise employment by improving labor market functioning:
higher expenditure on ALMPs is associated with lower wages for given levels of
the unemployment rate. Whether ALMPs are cost-effective from a budgetary
perspective remain to be determined, but they are certainly not substitutes for
comprehensive institutional reforms. In particular, if higher expenditures on
ALMPs are ﬁnanced through increased labor income taxation, it could have
deleterious effects on labor utilization. [JEL D2, E2, J23]
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T

he steady rise in unemployment rates in Europe during the 1970s and
1980s has been attributed to a variety of factors, including mismatches
between labor skills demanded and supplied, excessive wages vis-à-vis
productivity levels, overly generous social beneﬁts, and rigid labor market
institutions. In response, governments introduced ‘‘active labor market
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policies’’ (ALMPs) designed to mold characteristics of the labor force to
conform to changes in demand, to lower ﬁrms’ labor costs directly, and to
increase job-search efﬁciency.1 Following the increased focus on these
policies, employment performance improved appreciably in several European
countries during the second half of the 1990s.
This paper shows that increased spending on ALMPs raises employment
in the business sector. Direct subsidies for job creation were the most
effective form of ALMP in raising employment rates, whereas expenditures
on training programs seem to have been largely ineffective. By estimating a
wage-setting curve for the same sample of countries, it is also shown that
substantial wage moderation was associated with increases in ALMPs in the
1990s and could be a key reason for the improved employment performance
in the same period. These results reveal one of the possible sources of the
hitherto unexplained wage moderation in some European countries.2
However, even though ALMPs do increase employment, they also weigh
heavily on the budget. If such budgetary costs are paid with increased
taxation on labor income, additional spending on ALMPs could have a
negative overall effect on employment rates, because the tax wedge on labor
income is estimated to negatively affect employment.
The methodology used here addresses four key shortcomings of previous
macroeconomic studies of the effect of ALMPs on the labor market, which
have generally been inconclusive. First, the speciﬁcation used in many of these
studies tends to overestimate the effect of ALMPs on the unemployment rate.
Second, none of the previous work has focused on the most appropriate
measure of labor market performance, the business employment rate. Third,
many studies use either pooled cross-country regressions or panel data with
random effects, with no (or very little) within-country variation in ALMP
spending. In particular, most of the literature has focused on the effect of
institutions on unemployment rates, leaving ALMPs as a control variable. In
many cases, such a focus has limited the amount of time variation in the data,
because institutions tend to change very little over time. Fourth, in general,
the data used in previous studies did not extend beyond 1995.3

1

ALMPs consist mainly of training, targeted subsidies for job creation, public
employment services, and other expenditures aimed at promoting employment. Nontargeted
policies to lower labor costs are not included in this deﬁnition because they are considered
general macroeconomic policies.
2
This moderation has been used as one of the main variables to explain sharp labor
market improvements in the Netherlands and Spain, for instance (Blanchard, 2000; Decressin
and others, 2001). Microeconomic data for France also point to structural labor market
improvements, which seems to have originated from moderation of wage demands (Estevão
and Nargis, 2005).
3
An alternative strategy focusing on institutional details, implementation timing, and
microeconomic data can provide satisfactory evaluation of speciﬁc policies, but it cannot
answer the question of how effective aggregate expenditures on ALMPs are in increasing
aggregate employment, for instance. Section II brieﬂy discusses key lessons from
microeconomic evaluation studies of ALMPs.
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I. Why Might ALMPs Increase Employment?
ALMPs may affect employment through at least ﬁve channels. To catalog
these effects, consider a simple labor market model with a downward-sloped
labor demand and an upward-sloped wage-setting relationship; the latter
could be generated by most existing theories of wage setting, including the
wage bargaining models discussed in Layard, Nickell, and Jackman (1991)
(Figure 1).4
First, ALMPs may generate more efﬁcient matching between job
vacancies and unemployed workers by adjusting the skill mix of job seekers
(for instance, through training programs) or enhancing the effectiveness
of job searches (for instance, through more active employment agencies). The
resulting smaller ratio between vacancies and unemployment reduces wage
pressure, causing a downward shift in the wage-setting curve. Because
vacancies are costly to employers, the reduced vacancy-to-unemployment
ratio also causes an outward shift in labor demand. Both effects will tend to
raise employment with an uncertain overall effect on real wages.
Second, labor force productivity may increase, owing either to training
programs or to on-the-job learning in the case of direct subsidies for job
creation. This productivity increase would shift up the labor demand and lift
employment and wages.
Third, ALMPs may keep unemployed workers attached to the labor
force, even after long periods of inactivity. The resulting stronger competition
for jobs would shift the wage-setting curve down, raising employment and
reducing wages.
Fourth, job creation programs (for example, direct subsidies for low-skill
employment) could increase employment through both a positive substitution
effect (for the subsidized group) and a scale effect from an overall reduction in
labor costs. However, signiﬁcant negative substitution effects, through the
displacement of nonsubsidized workers, could counteract the beneﬁcial effects
on employment.
Fifth, active policies may lower the disutility of being unemployed,
because they provide an occupation to otherwise unemployed workers, some
income, and a hope of keeping their labor skills. But workers would then
demand higher wages during bargaining and, in equilibrium, employment
would actually be lower. Additional undesirable side effects include lockingin effects (ALMPs may stimulate workers to reduce their search efforts) that
counteract the desired treatment effects.5
Finally, an important caveat should be noted. Even if a positive effect on
employment might be discerned, the ﬁscal cost of ALMPs may be very high
and given that they are ﬁnanced through taxation, their overall effectiveness
in a general equilibrium or cost-beneﬁt sense remains questionable.

4
5

Most of these factors were outlined in OECD (1993).
See the discussion in Calmfors (1994), for instance.
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Figure 1. How Might ALMPs Affect Employment? The Wage-Setting Effects
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II. Literature Review and Key Identiﬁcation Issues
Policy Evaluation Studies Using Microeconomic Data
Evaluation studies of ALMPs using microeconomic data produce different
results depending on the type of policy being evaluated, on the methodology
being used, and on the chosen performance criteria, but, in many cases, they
show a positive effect on employment rates among the targeted population.
In an effort to organize the vast literature on the topic for the United States,
Heckman, Lalonde, and Smith (1999) set up a microeconomic framework for
grouping the evaluation studies and distilling their main results. Under this
framework, changes in human capital accumulation is the key result variable
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for evaluating the effectiveness of ALMPs. The authors conclude that
available studies overstate the human capital-enhancing beneﬁts of ALMPs,
as evidenced by the fact that these programs do not signiﬁcantly affect
participants’ lifetime wages; most of their positive effects happen through
improved employment prospects.
Microeconomic evaluation studies tend to ﬁnd no signiﬁcant effects of
training policies on employment, although they report more positive effects
for job-subsidy and job-search measures on targeted individuals. However,
studies stress possible substantial displacement effects on nonparticipating
individuals.
Martin and Grubb (2001) show that training programs tend to be among
the most expensive active measures, accounting for a large share of ALMP
expenses, but microeconomic evaluations for Organization for Economic
Cooperation and Development (OECD) countries suggest a mixed track
record. Programs in Canada, Ireland, Sweden, and the United States have
generally yielded low or even negative rates of return for participants,
although the evidence discussed in Friedlander, Greenberg, and Robins (1997)
stresses a few cases of success. In general, evaluation studies for the United
States found that training policies were more successful when carefully
targeted to speciﬁc groups, mainly adult women. Results tended to be less
favorable when programs were targeted to adult men, and they were quite
abysmal for programs aimed at out-of-school youth. The available evidence
for the effects of training policies on employment in European countries tends
to be a bit more positive (Heckman, Lalonde, and Smith, 1999).
Micro evaluations of job-search assistance programs have produced more
positive results. Several studies show that these programs cost little and raise
employment rates signiﬁcantly, although often job displacement effects are
large.6
Direct job subsidies are more common in Europe and in general have
been found to affect employment positively, with a substantially stronger
impact than training programs.7 However, several studies also show that
subsidies for private sector employment have large deadweight and
substitution effects.8 Thus, the net employment gains from these policies
6

See, for instance, the evidence in Engstrom, Lofgren, and Westerlund (1988) for Sweden.
Among the many papers showing a positive effect of direct subsidies for private sector
jobs on employment rates, see Stromback and Dockery (2000) for a comparative evaluation of
the Jobstart hiring subsidy in Australia, O’Leary (1998) for the Intervention Works program
in Poland, Carling and Richardson (2004) for subsidized employment in Sweden, and Gerﬁn
and Lechner (2002) for hiring subsidies in Switzerland. Calmfors, Forslund, and Hemström
(2001) discuss other studies on Sweden that produce similar results. Crépon and Dezplatz
(2001) provide strong evidence that about 450,000 jobs were either created or maintained in
France between 1994 and 1997 because of reductions in employers’ social security
contributions targeted to the hiring of low-skilled workers.
8
Evidence on these deleterious side effects can be found, for instance, in Begg, Blake, and
Deakin (1991) and Dolton (1993) for the United Kingdom; de Koning (1993) for the
Netherlands; and Forslund and Krueger (1994) for Sweden.
7
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could be small. Most analysts conclude that the effectiveness of subsidies for
private sector jobs depends on good targeting and close monitoring to avoid
abuses. Turning to direct job creation in the public sector, Martin and Grubb
(2001) show that it has not been successful in helping the unemployed get
permanent jobs in the open labor market.
Evaluation Studies Using Macroeconomic Data and Key Identiﬁcation
Issues
Although microeconomic studies have the advantage of better isolating
particular policies and controlling for speciﬁc features, they do not provide an
overall picture of how effective ALMPs are in raising aggregate employment.
Macroeconomic evaluations have the advantage of allowing a joint evaluation
of different ALMPs while aggregating their direct and indirect effects,
including windfall, substitution, and deadweight effects. In addition, they do
not require speciﬁc surveys or data collection because they use administrative
information and general labor market statistics, and they apply simpler
estimation techniques than those required for microeconomic experimental and
quasi-experimental studies. On the downside, aggregate impact evaluations
do not identify possible negative outcomes (such as lower wages and bad
working conditions) for particular parts of the society. These studies also need
to be performed particularly carefully because the results tend to be sensitive
to the speciﬁcation of variables and the estimation methods used.
This paper uses macroeconomic data and a methodology that addresses
several speciﬁcation ﬂaws in previous studies of the same type. These are (1)
the inability to separate the role of labor market institutions from that of
policies, whose resolution calls for using a panel database; (2) small sample
size that leads to insufﬁcient time variation in ALMPs (quite related to item 1);
(3) unstable results depending on the metric used for ALMPs; (4) the reverse
causality from movements in employment to changes in expenditures in
ALMPs (for example, when employment is low, more people sign up for
training and consult public employment services (PES), and the government
is more likely to enact new or more generous subsidy programs); and (5) a
focus on unemployment, which leads to overestimation of the returns of
ALMPs on employment and neglect of labor force participation effects.
The ﬁrst macroeconomic studies used only a very limited number of
observations (usually around 20), with countries as individual units and no
time variation in the data.9 Because a few institutional controls cannot be
expected to account for all cross-country variations unrelated to ALMPs, this
method is likely to wrongly attribute the inﬂuence of some unobserved
institutional features of unemployment rate to ALMP spending.
9
The literature on the effects of active policies on labor market variables using OECD
country-level data was initiated by Layard, Nickell, and Jackman (1991) and immediately
pursued in OECD (1993), Heylen (1993), and Forslund and Krueger (1994). Zetterberg (1995),
initially published in Swedish in 1993, was one of the ﬁrst studies that used panel data.
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Subsequent work, conducted during the second half of the 1990s, takes
advantage of the extended availability of data to use panel methods,
therefore improving the identiﬁcation of institutional effects on the
unemployment rate.10 However, the same studies tend to pool the data in
two periods or average the information on ALMP expenditures to minimize
the reverse causality problem, going from movements in the unemployment
rate to variations in the expenditures on ALMPs, which bias the estimates
toward ﬁnding a positive effect of ALMPs on the unemployment rate. This
averaging neglects variation in the time domain as a source of parameter
identiﬁcation. Other studies have attempted to handle reverse causality by
using the ratio of expenditures on ALMPs to unemployment, but such a
measure only changes the sign of the bias towards ﬁnding a negative
correlation between ALMPs and unemployment rates.11
However, it is important to consider the possibility of reverse causality
between expenditures on ALMPs and labor utilization. Given that ALMPs
are a response to high unemployment, such reverse causality is likely
responsible for the negative raw correlation between expenditures on ALMPs
as a share of GDP and business employment rates (the labor utilization
measure used in the next section) across countries (Figure 2).12 Similarly,
passive labor market policies (PLMPs), comprising unemployment compensation payments and early retirement for labor market reasons, are negatively
correlated with employment rates—even more so than ALMPs. That might
be because of the mechanical link between lower employment rates, larger
unemployment rates, and larger unemployment compensation outlays,
although this effect may be partly offset by the negative effect of more
generous unemployment compensation on incentives to work.
The countercyclicality of expenditures on PLMPs sheds suspicion on
other measures used to evaluate the effect of ALMPs on the labor market; for
example, ALMP expenditure as a share of total labor market expenditure
(that is, expenditure on active and passive labor market policies) (Zetterberg,
1995). As long as an increase in unemployment leads to a larger increase in
spending on PLMPs than in spending on ALMPs (which is probable because
of the strong mechanical link between unemployment compensation outlays
and the unemployment rate), the effect of ALMP expenditure in reducing
unemployment would tend to be overstated.
10
Among the best studies are Zetterberg (1995); Jackman, Layard, and Nickell (1996);
Bellmann and Jackman (1996); Scarpetta (1996); Elmeskov, Martin, and Scarpetta (1998); and
Nickell and Layard (1999).
11
Suppose that ALMP spending had no effect on unemployment: if ALMP spending rises
(because of reverse causality) less than proportionally with unemployment, there would be an
apparent negative relationship between ALMP spending as a ratio of unemployment, and the
unemployment rate.
12
The business employment rate is the share of business employment in the working-age
population. Conversely, as stated in the previous paragraph, reverse causality creates a positive
bias in estimates of the effect of ALMPs on the unemployment rate. Appendix I describes the
OECD Labor Market Policies database.
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Although previous work has focused on identifying the effect of ALMP
spending on the unemployment rate, it is difﬁcult to deduce the ﬁnal effect of
employment creation because of the possible effect of ALMP spending on
labor force participation.13 In addition, the focus on unemployment rates
creates a bias because of the exclusion of program participants from
unemployment statistics.14 Finally, total unemployment is not the right
target variable when subsidies to private employment are included among
ALMPs; ideally, the focus should be on the net job creation resulting from
these subsidies.
In summary, existing studies using macroeconomic data for the OECD
might overestimate the actual effect of ALMPs on labor market outcomes
because of the way they deﬁne the policy variable (expenditures on ALMPs
per unemployed, or some variation of this measure) or because they do not
correct for the decrease in unemployment owing to program participation.
On the other hand, the reason many of the studies reviewed did not identify
an effect may be because of their limited use of the variation in the yearly
data and the short sample period—from the mid-1980s to the early 1990s, in
general. Finally, only a few of these studies have estimates for employment
rates and none of them, to my knowledge, focus on employment rates in the
business sector.
III. Empirical Identiﬁcation of the Effect of ALMPs on Employment Rates
The empirical strategy selected is motivated by the problems with past studies
discussed in the previous section.
First, the dependent variable used here is the share of the working-age
population employed in the business sector; that is, the employment rate in
the business sector. By focusing on the employment rate, variations in labor
13

The effect of ALMPs on labor force participation has been documented in several of
these papers. Calmfors, Forslund, and Hemström (2001) conclude that the Swedish literature
found a positive impact of ALMPs on labor force participation. Bellmann and Jackman
(1996) also ﬁnd that ALMPs increase female labor force participation and do not affect
unemployment rates. Scarpetta (1996) ﬁnds stronger and more signiﬁcant coefﬁcients for
ALMPs in the nonemployment equation (sum of the inactive and the unemployed divided by
the working-age population). In contrast, Nickell and Layard (1999) do not ﬁnd a signiﬁcant
effect of ALMP when they consider employment-to-population ratios, unlike their ﬁndings for
the unemployment rate.
14
Because of evidence that the number of ‘‘hidden’’ unemployed workers probably
increases with unemployment, Scarpetta (1996) mentions the mostly positive correlation
between the unemployment rate and the rate of inﬂows into ALMPs (except in Germany and
the Netherlands). Calmfors, Forslund, and Hemström (2001) use the results of several papers
to compute the effect of program participation on total unemployment, that is, open
unemployment minus program participation. To do so, they use simplifying assumptions
about the unemployment rate, the program participation rate, and expenditure per program
participant as a share of per capita GDP. According to their estimates, though, program
participation appears to signiﬁcantly reduce total unemployment in only three cases:
Zetterberg (1995), Scarpetta (1996), and Blanchard and Wolfers (2000) for the
nonemployment speciﬁcation.
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Figure 2. Expenditure on Active and Passive Labor Market Policies, and Business
Employment Rate
(Average from 1985 to 2000)
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force participation owing to the effect of ALMPs can be accounted for. Also,
the focus on business employment rates avoids overestimating the policy
importance of ALMPs by automatically excluding cyclical increases in public
sector employment, which do not represent real improvements in labor
market functioning. Finally, although the unemployment rate is the focus of
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many macroeconomic theories, the employment rate is a better measure of
the utilization of able-to-work individuals.
Second, to avoid a bias towards estimating a positive effect of ALMPs on
employment, expenditures on ALMPs are normalized by GDP and not by
unemployment. Such a normalization may bias the results downward
because aggregate output shocks will change employment in the same
direction and provoke a spurious negative correlation between ALMPs/GDP
and the employment rate (Figure 2). However, these effects may be
attenuated by carefully controlling for institutions and other countryspeciﬁc factors. In any case, the ﬁnal estimate may be viewed as a lower
bound for the effect of ALMPs on employment.
ALMP expenditures are deﬁned as the sum of expenditures (as a share of
GDP) on PES and administration, labor market training, and subsidized
employment. The OECD database also includes expenditures to enhance the
labor market prospects of young and disabled workers. However, these
policies were excluded from the econometric exercise below because they
refer to speciﬁc groups of the population. The main thrust of the results
reported here is not affected by including these additional policies. These
ALMP categories are described in detail in Martin (2000) and Martin and
Grubb (2001). Complete data, at the time this paper was written, were
available for 15 industrial countries between 1985 and 2000.15
The estimated equation should be interpreted as a reduced form of a
model determining employment rates and wages. As discussed in Section I,
many of the expected effects of ALMPs on employment will occur through
variations in wages, which are also a function of ALMPs. So wages are
excluded from the employment rate speciﬁcation, and the estimated effect of
ALMPs on employment rates should already incorporate shifts in wage
setting. The benchmark equation is
BEit ¼ b1 ALMPit þ b2 Xit þ b3 Yt þ b4 Ci þ eit ;

(1Þ

where the indices i and t designate, respectively, country and year; BE is the
business employment as a share of the working-age population; ALMP is
spending on active labor market policy (as a share of GDP); X is the vector of
control variables capturing changes in institutions and incentives to work; Y
is the vector of year dummies to control for common shocks; C is the vector
of country dummies; and e is the error term.
Time and country dummies are very important components of the
speciﬁcation. The time dummies may alleviate the reverse causality problem
if the timing of adverse shocks is correlated between countries. Country-ﬁxed
effects capture all time-invariant institutional and economic features
explaining why a particular country’s employment rate differs from the
average. Several studies focused on the effect of speciﬁc institutional
15

These countries are Australia, Austria, Belgium, Canada, Denmark, Finland, France,
Germany, the Netherlands, New Zealand, Norway, Spain, Sweden, the United Kingdom, and
the United States.
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differences (employment protection laws, extent of coordination in wage
bargaining, union membership, and so on) on labor market performance and
often had to exclude country dummies when these institutional measures did
not vary over time. Obviously, other studies could not include country
dummies when performing a simple cross-section regression.
Control variables in the basic speciﬁcation include only country-speciﬁc
institutional variables that vary over time (for a detailed description, see
Appendix II). This speciﬁcation mirrors in spirit most empirical assessments
of the effects of ALMPs on labor market outcomes. However, several of
these institutional variables do not have enough time variation and may miss
changes that are correlated to the ﬂow of expenditures in ALMPs, generating
biased estimates for the effect of ALMPs on employment rates. The share of
GDP spent on PLMPs is included in the basic speciﬁcation to improve the
control for work incentives: the larger the share of resources directed at
supporting out-of-work individuals, the lower are the incentives to work.
Although this variable should be correlated with the replacement rates
already included in X, it captures other aspects of the unemployment beneﬁts
system (scope and duration of beneﬁts, for instance) and expenditures on
early-retirement schemes. Because of the strong cyclicality of expenditures on
PLMPs as a share of GDP, its inclusion will also capture cyclical factors
affecting expenditures on ALMPs and will attenuate the reverse causality
bias discussed in the previous section.16
As a ﬁnal note to the identiﬁcation strategy, the conditional correlation
between employment and ALMP expenditure as estimated in Equation (1)
could be due to a third variable not included in the regression, which
would drive the levels of both ALMP expenditures and employment.
Calmfors and Skedinger (1995) propose instruments for ALMP spending,
but it is very unlikely that the variables they use affect unemployment only
through ALMPs. Lagged values of expenditures on ALMPs were used as
instrumental variables for current expenditures on ALMPs in some of the
speciﬁcations and they do not change the results.17
Estimates of the Effect of ALMPs on the Employment Rate
Estimates suggest that ALMPs had a signiﬁcant positive effect on business
employment rates during the 1993–2000 period (Table 1, column 2).18
16

The common cycle in ALMPs/GDP and PLMPs/GDP is clear in the strong positive
correlation between both variables (Figure 2).
17
Other speciﬁcations with lagged expenditures on ALMPs as regressors (instead of
instruments for current expenditures) to check for dynamic effects were also used, but do not
alter the basic results and, thus, are not reported here.
18
The results reported in this section are broadly unchanged if feasible generalized least
squares are used as the estimation procedure and different assumptions are made about
residual serial correlation (whether country-speciﬁc or not) and heteroscedasticity. Ordinary
least squares results were then selected to be presented for transparency reasons and to
facilitate replication by other researchers.
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Table 1. Active Labor Market Policy and Employment
Dependent variable: share of the working-age population working in the business sector
(1)

(2)

Time period
Estimation method

1985–2000
OLS

ALMP expenditures/GDP

0.75 (0.86)

PLMP expenditures/GDP
Replacement rate
Union membership
Employment protection
Bargaining coordination
Tax wedge

3.25
0.09
0.21
0.04
0.03
0.05

(10.13)
(1.93)
(5.56)
(1.72)
(2.94)
(0.96)

1993–2000
OLS

(3)
Excluding
Nordic
Countries
1985–2000
OLS

(4)
Excluding
Nordic
Countries
1993–2000
OLS

2.28 (3.34)

3.14 (2.95)

2.51 (3.39)

1.40
0.12
0.15
0.15
0.00
0.10

(5.24)
(3.11)
(2.77)
(2.92)
(0.04)
(1.98)

3.39
0.01
0.24
0.13
0.02
0.10

(9.63)
(0.10)
(6.23)
(5.30)
(1.60)
(1.75)

1.42
0.08
0.10
0.38
0.19
0.18

(6.47)
(1.97)
(2.24)
(6.47)
(6.01)
(3.15)

Time and country dummies

Yes

Yes

Yes

Yes

Number of observations
Adjusted R2

233
0.88

116
0.98

188
0.92

94
0.99

Sources: Organization for Economic Cooperation and Development (OECD), Analytical
database, Expenditure in Labor Market Policies database, and Beneﬁts and Taxes database;
some institutional variables from Nickell and Nunziata (2001)and Debrun (2003); and authors’
estimations.
Notes: Countries: Australia, Austria, Belgium, Canada, Denmark, Finland, France,
Germany, Netherlands, Norway, New Zealand, Spain, Sweden, United Kingdom, and United
States.
OLS: Ordinary least-squares estimation.
Generalized least squares speciﬁcations generated the same qualitative results. T-statistics
in parentheses. Bold ﬁgures are signiﬁcant at least at a 5 percent level. Expenditures in labor
market policies expressed as a share of GDP in the relevant ﬁscal year. Columns (3) and (4)
exclude Sweden, Norway, and Denmark.

However, the results for the whole sample period depend on the inclusion of
the Nordic countries: in their presence, ALMPs do not affect employment
(column 1), but, in their absence, ALMPs have a strong effect on
employment (column 3).19 In addition, the ALMP coefﬁcient estimate for
the second half of the sample is about the same whether Nordic countries are
included or excluded (columns 2 and 4, respectively), which suggests either
data problems in the ﬁrst half of the sample or a structural change for Nordic
countries. Similar issues have arisen in previous studies—using data
beginning in the mid-1980s and ending in the early 1990s, Elmeskov,
Martin, and Scarpetta (1998) and Scarpetta (1996) noticed that country
19

These results are robust to small changes in the cutoff year.
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composition could inﬂuence the evaluation of ALMPs. They show that
including Sweden in their sample lowers the precision of estimates, which are
not statistically signiﬁcant (at the 5 percent level). To resolve this issue, I kept
Nordic countries in the sample but focused on estimates for the second half
of the sample. Results for more recent years should also be more relevant for
current policy analysis. All the subsequent results for the effects of ALMPs
on employment and wages are qualitatively unchanged if longer periods are
used for a panel excluding the Nordic countries. Thus, the benchmark result
for the effect of ALMPs on the business employment rate (using the results in
Table 1, column 2) is that a 1 percentage point increase in ALMP spending as
a share of GDP is associated with an increase in the business employment
rate of 2.3 percentage points.20
The effect of institutional variables on employment are, in general,
insensitive to sample composition effects and are consistent with theoretical
predictions and previous results in the literature. Increases in expenditures on
PLMPs (as a share of GDP), in the replacement rate, in union membership,
and in the tax wedge on labor income depress employment rates because they
lower incentives to work.21 A higher degree of coordination between the
actors involved in wage bargaining increases employment rates, as the
deleterious effects of excessive wage demands on employment are taken into
account during negotiations. The theoretical literature ﬁnds that the effect of
employment protection laws on employment is dubious because higher
employment protection might curb hiring as well as ﬁring.22 In any case, the
econometric results for this variable are not robust to sample changes: the
negative effect on employment is reversed for the second half of the sample.
The positive effect on employment of increasing ALMP expenditures is
robust to most speciﬁcation changes, but key aspects of the benchmark
equation (as in Table 1, column 2, or Table 2, column 1) need to be respected.
When the ratio of expenditures on PLMPs to GDP is excluded from the
main speciﬁcation, the sign of the coefﬁcient of interest is preserved but it is
not estimated precisely (Table 2, column 2). This result conﬁrms the
importance of controlling for reverse causality running from business cycle
variations to expenditures in ALMPs. The highly cyclical PLMP variable
accounts for this effect. Estimates of other coefﬁcients also lose precision.
However, solely excluding early retirement policy expenditures from the
deﬁnition of PLMPs does not change the tone of the results (Table 2,
column 3), which points to the importance of unemployment compensation
20

The results are robust to other country-composition effects. For instance, excluding
Anglo-Saxon countries does not change the ﬂavor of the estimates reported here.
21
Estimates of the tax-wedge and replacement rate effects are more statistically signiﬁcant
in the second half of the sample.
22
Bertola and Bentolila (1990) show the importance of both effects with a model of ﬁrms’
optimal employment policies under linear adjustment costs. They ﬁnd that ﬁring costs have a
larger effect on ﬁrms’ propensity to ﬁre, than to hire and (slightly) increase average long-run
employment, a result consistent with estimates for the second half of our sample.
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Table 2. Robustness Check: Effects of Ommiting Variables and/or Country
Dependent variable: share of the working-age population working in the business sector

Estimation
method

(1)
1993–2000

(2)
1993–2000

(3)
1993–2000

(4)
1993–2000

(5)
1993–2000

(6)
1993–2000

OLS
OLS
OLS
OLS
OLS
OLS
Benchmark Excl. Passive Different PLMP
Excl.
Also excl. Country Excl. Time
Results
Policies
Deﬁnition
Institutions
Dummies
Dummies
2.85
(3.58)

2.55
(3.28)

2.65
(3.66)

—

0.86
(2.93)

0.78
(1.08)

2.53
(9.60)

1.52
(5.08)

1.38
(4.79)

1.27
(5.40)

—

—

—

—

—

0.13
(3.40)

—

—

0.15
(3.14)

0.14
(3.14)

0.14
(3.49)

1.40
(5.24)

—

—

—

PLMP
expenditures/
GDP
PLMP exp.
(excl. early
retirement)
Replacement rate

0.12
(3.11)

0.08
(1.91)

OLS
OLS
Excl. Anglo-Saxon Excl. France and
Countries 3\
Germany

5.27
(3.02)

2.23
(3.31)

2.28
(3.34)

(8)
1993–2000

0.77
(1.23)

1.15
(1.56)

ALMP
expenditures/
GDP

(7)
1993–2000
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Time period

Union
membership
Employment
protection
Bargaining
coordination
Tax wedge

0.15
(2.77)
0.15
(2.92)
0.00
(0.04)
0.10
(1.98)

0.08
(1.40)
0.09
(1.69)
0.01
(0.44)
0.10
(1.82)

0.14
(2.63)
0.14
(2.91)
0.00
(0.21)
0.09
(1.79)

—

—

—

—

—

—

—

—

0.35
(7.22)
0.11
(1.95)
0.04
(1.87)
0.13
(2.19)

0.19
(2.85)
0.10
(1.73)
0.02
(0.79)
0.11
(1.87)

0.13
(2.38)
0.21
(3.53)
0.01
(0.70)
0.08
(1.47)

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
No

No
Yes

Yes
Yes

Yes
Yes

Number of
observations
Adjusted R2

116

116

116

136

136

116

93

97

0.98

0.97

0.98

0.97

0.22

0.97

0.98

0.98

Sources: Organization for Economic Cooperation and Development (OECD) Analytical database, Expenditure in Labor Market Policies database,
and Beneﬁts and Taxes database; some institutional variables from Nickell and Nunziata (2001)and Debrun (2003); authors’ estimations.
Notes: Countries: Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Netherlands, Norway, New Zealand, Spain, Sweden,
United Kingdom, and United States.
OLS: Ordinary least-squares estimation. Generalized least squares speciﬁcations generated the same qualitative results. T-statistics in parentheses.
Bold ﬁgures are signiﬁcant at least at a 5 percent level. Expenditures in labor market policies expressed as a share of GDP in the relevant ﬁscal year.
Column (7) excludes Canada, United Kingdom, and United States.
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Time dummies
Country dummies

Marcello Estevão

policies—the only item left within the PLMP variable—to capture cyclicality
and changes in work incentives. Including institutional variables is also
important for producing a signiﬁcant effect of ALMPs on employment
(Table 2, column 4) and without country-speciﬁc dummies the estimated
coefﬁcient turns negative (Table 2, column 5). This result explains why
cross-sectional work hides the positive correlation between expenditure in
ALMPs and labor market performance; without time variation in the data,
country-speciﬁc effects cannot be controlled for and coefﬁcient estimates are
negatively biased.23
Breaking down the ALMP aggregate reveals that direct subsidies to
employment creation are more effective in raising employment rates in the
business sector than expenditures on training or PESs (Table 3).
Expenditures on PESs appear at ﬁrst to affect employment rates
negatively, but this result is not robust to changes in time period (Table 3,
column 2) or the exclusion of Nordic countries from the sample (Table 3,
column 3): with any of these changes the coefﬁcient of PESs is not
signiﬁcantly different from zero. Further research on the causes of this erratic
effect is outside the scope of this paper. At ﬁrst sight, this evidence
contradicts results from the microeconomic evaluation literature, which, in
general, ﬁnds a positive, albeit often small, effect of job-search assistance (a
component of PESs) on employment prospects of participants. My results
suggest, though, that displacement effects may be strong, as many analysts
have pointed out in their microstudies. In addition, the OECD data on
expenditures on PESs include administrative costs of running employment
agencies and other incidental spending not directly related to job-search
assistance. This is an imperfection of available macroeconomic information,
which should be corrected when better data become available. The absence of
a signiﬁcant effect of expenditures in labor force training to determine
employment is consistent with results from the microeconometric literature
reviewed in Section II.
Unlike other types of ALMPs, direct subsidies to regular employment in
the private sector, increase employment rates independently of the period
used in the estimation or the inclusion of particular country groups (although
the coefﬁcient is not statistically different from zero at the 5 percent level of
signiﬁcance in column 1 of Table 3).24 This result also corroborates a general
view from the microeconometric literature, which documents positive
employment effects from direct job subsidies. The results presented here add
to this microeconomic literature by showing that negative indirect effects from
job subsidization schemes (for instance, displacement effects) are not strong
enough, on average, to undo their positive direct effects on employment.
23

The exclusion of time dummies or other groups of countries does not alter the results
(Table 2, columns 6–8).
24
The sign and signiﬁcance of the coefﬁcients of each ALMP were robust to marginal
changes in time periods and speciﬁcations but their estimated sizes were more sensitive to these
changes than the speciﬁcations in Tables 1 and 2.
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Table 3. Robustness Check: Detailed Breakdown of ALMP
Dependent variable: share of the working-age population working in the business sector

Time period

Estimation method

(1)
1985–2000

(2)
1993–2000

OLS

OLS

ALMP expenditures/GDP
PES
14.51 (2.91)
Labor market training
1.11 (0.67)
Subsidized employment 4\ 1.93 (1.65)

(3)
1985–2000
OLS Excl.
Nordic
Countries

5.88 (1.69) 6.80 (1.35)
2.28 (1.41)
0.56 (0.24)
2.51 (2.26)
5.23 (4.07)

(4)
1993–2000
OLS Excl.
Nordic
Countries

2.12 (0.66)
2.22 (1.20)
2.55 (2.42)

PLMP expenditures/GDP 3.08 (10.86) 1.33 (4.39) 3.21 (10.71) 1.43 (5.87)
Other variables as in Table 1
Number of observations
Adjusted R2

234
0.89

116
0.98

189
0.92

94
0.99

Sources: Organization for Economic Cooperation and Development (OECD) Analytical
database, Expenditure in Labor Market Policies database, and Beneﬁts and Taxes database;
some institutional variables from Nickell and Nunziata (2001) and Debrun (2003); author’s
estimations.
Notes: Countries: Australia, Austria, Belgium, Canada, Denmark, Finland, France,
Germany, Netherlands, Norway, New Zealand, Spain, Sweden, United Kingdom, and United
States.
OLS: Ordinary least-squares estimation; PES: Public employment services and
administration.
Generalized least squares speciﬁcations generated the same qualitative results. T-statistics
in parentheses. Bold ﬁgures are signiﬁcant at least at a 5 percent level. Expenditures in labor
market policies expressed as a share of GDP in the relevant ﬁscal year. Labor market training:
training for unemployed adults and those at risk, and training for employed adults. Subsidized
employment: subsidies to employment in the private sector, support of unemployed persons
starting enterprises, and direct job creation (public or nonproﬁt). Columns (3) and (4) exclude
Sweden, Norway, and Denmark.

IV. ALMPs and Wage-Setting Behavior
To assess the effect of ALMPs on wage setting, the following ‘‘wage curve’’
was estimated:
logðBWit =Pit Ait Þ ¼ a1 logðuit Þ þ a2 ALMPit
þ a3 Xit þ a4 Yt þ a5 Ci þ Zit ;

(2Þ

where BWit is the wage per person in the business sector, Pit the consumer
price index, Ait the technology level (described in Appendix II), uit the
unemployment rate, ALMPit the expenditures on ALMP as a share of
GDP, Xit the vector of institutional variables, Yt the year dummies, Ci the
country dummies, and Zit is the residual. This wage curve may be obtained
theoretically using the same wage bargaining models behind the discussion in
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Table 4. Estimates of the Wage-Setting Curve
Dependent variable: logarithm of economy-wide wages deﬂated by the consumer price
index and technology level

Time period
Estimation method
Log unemployment rate
ALMP expenditures/GDP
Employment protection
Beneﬁts duration

(1)
1985–2000
OLS
0.12
6.70
0.31
0.48

(5.99)
(2.28)
(4.22)
(4.92)

(2)
1993–2000
OLS
0.13
8.56
0.13
1.72

(6.62)
(5.85)
(0.88)
(1.41)

(3)
1986–2000
IV
0.14
7.75
0.30
0.27

(6.15)
(2.36)
(4.22)
(2.83)

(4)
1993–2000
IV
0.15
11.68
0.11
1.17

(6.13)
(6.05)
(0.67)
(0.92)

Time dummies
Country dummies

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Number of observations
Adjusted R2

237
0.99

123
0.99

216
—

118
—

Sources: Organization for Economic Cooperation and Development (OECD)—Analytical
database, Expenditure in Labor Market Policies database, and Beneﬁts and Taxes database;
some institutional variables from Nickell and Nunziata (2001) and Debrun (2003); authors’
estimations.
Notes: Countries: Australia, Austria, Belgium, Canada, Denmark, Finland, France,
Germany, Netherlands, Norway, New Zealand, Spain, Sweden, United Kingdom, and United
States.
OLS: Ordinary least-squares estimation. Generalized least squares speciﬁcations
generated the same qualitative results.
IV: Instrumental variables estimation using lagged log unemployment rate and lagged
ALMP expenditures as a share to GDP.
T-statistics in parentheses. Bold ﬁgures are signiﬁcant at least at a 5 percent level.
Expenditures in labor market policies expressed as a share of GDP in the relevant ﬁscal year.

Section I. In these models, variables affecting workers’ utility from being
employed vis-à-vis the alternative of unemployment shift the wage curve and
should be included in Xit. All institutional variables included in Equation (1)
were tested but only the ones found (ex post) to be signiﬁcant were retained in
the ﬁnal speciﬁcation.
Increases in expenditures with ALMPs as a share of GDP are associated
with wage moderation throughout the sample (Table 4), which can be behind
the overall positive effect of ALMP spending on employment. Estimates for
the second half of the sample are larger and more precisely estimated (Table 4,
column 2), again corroborating the more robust effect of ALMP spending on
employment during the period 1993–2000 reported in the previous section.
Correction for possible simultaneity among wages, unemployment, and
ALMPs (using the lagged unemployment rate and expenditures on ALMP as
a share of GDP as instrumental variables) generates stronger effects of
ALMP expenditures on wages (Table 4, columns 3 and 4). Table 5 contains
results for the second half of the sample when particular groups of countries
are excluded. As was the case with the employment rate, country composition
does not alter the basic results when the analysis is limited to the 1993–2000
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Table 5. Robustness Check: Effects of Omitting Countries
Dependent variable: logarithm of economy-wide wages deﬂated by the consumer price
index and technology level

Time period
Estimation method

(1)
1993–2000
OLS
Benchmark
Results

(4)
(3)
(2)
1993–2000
1993–2000
1993–2000
OLS
OLS
OLS
Excl. Nordic
Excl. AngloExcl. France
Countries
Saxon Countries and Germany

Log unemployment rate 0.13 (6.62) 0.13 (5.82)
ALMP expenditures/GDP 8.56 (5.85) 8.74 (3.27)
Employment protection
0.13 (0.88) 0.03 (0.10)
Beneﬁts duration
1.72 (1.41)
0.92 (0.63)
Time dummies
Yes
Yes
Country dummies
Yes
Yes
Number of observations
123
100
Adjusted R2
0.99
0.99

0.13 (6.85)
9.43 (6.49)
0.17 (1.06)
3.43 (2.28)
Yes
Yes
100
0.99

0.09 (4.34)
8.74 (8.82)
0.12 (0.74)
0.27 (0.20)
Yes
Yes
107
0.99

Sources: Organization for Economic Cooperation and Development (OECD)—Analytical
database, Expenditure in Labor Market Policies database, and Beneﬁts and Taxes database;
some institutional variables from Nickell and Nunziata (2001) and Debrun (2003); authors’
estimations.
Notes: Countries: Australia, Austria, Belgium, Canada, Denmark, Finland, France,
Germany, Netherlands, Norway, New Zealand, Spain, Sweden, United Kingdom, and United
States.
OLS: Ordinary least squares estimation. Generalized least squares speciﬁcations generated
the same qualitative results.
T-statistics in parentheses. Bold ﬁgures are signiﬁcant at least at a 5 percent level.
Expenditures in labor market policies expressed as a share of GDP in the relevant ﬁscal year.
Column (2) excludes Sweden, Norway, and Denmark.
Column (3) excludes Canada, United Kingdom, and United States.

period. Remarkably, the estimated elasticity of wages to the unemployment
rate varies between 0.09 and 0.15 in the two tables, conﬁrming the claim in
Blanchﬂower and Oswald (1995)—substantiated by their estimates of
different wage curves using national microdata—that this, elasticity is close
to 0.1 independent of the country or time period under analysis.25 Turning
to the institutional variables included in the wage curve estimation, more
employment protection reduces wages, probably to keep labor attractive to
employers, and, as expected, longer unemployment beneﬁts boosted wages by
25
Several papers have been written since Blanchﬂower and Oswald (1995) showing that
there may be some variation around the –0.1 estimate. Card (1995), in particular, raises doubts
on their basic speciﬁcation and notices that elasticities for the United States could be smaller
than that claimed in the book. More recently, Estevão and Nargis (2005) have shown this
elasticity to be exactly –0.1 for France, using microdata from the French labor force survey
and a different methodology. This general result does not seem to be unique to more
developed industrial economies: Estevão (2003) estimates, also using microdata and different
methods, an elasticity of about the same size (but a bit smaller) for Poland.

131

©International Monetary Fund. Not for Redistribution

Marcello Estevão

lowering the costs of being unemployed. However, these coefﬁcients were
estimated less precisely in the latter half of the sample (Table 4, columns 2
and 4, compared to columns 1 and 3).26
V. Conclusions and Policy Implications
This paper presents evidence indicating that ALMPs have been effective, on
average, in raising employment rates in the business sector of 15 industrial
countries. Among such policies, direct subsidies for job creation seemed the
most effective, which is consistent with a general message from microeconomic
evaluation studies. The results shown here are evidence of the net effect of
spending on ALMPs for business employment once externalities are taken into
account. ALMP spending is also negatively correlated with real wage growth
after allowing for technological growth, variations in the unemployment rate,
and institutional changes. This wage moderation effect might have been a key
cause for the association of ALMPs with better employment rates.
The new and robust evidence on the positive effect of ALMPs on
employment presented here addresses some shortcomings of previous papers.
First, the literature has focused on the unemployment rate, an imperfect measure
of labor utilization in a country. By focusing on the employment rate in the
business sector, this paper takes into account changes in labor force participation
associated with the introduction of other ALMPs besides controlling for more
intensive public sector hiring. Second, most previous papers have not fully used
the time variation in the data to identify key parameters, fearing the introduction
of biases from reverse causality and other factors. Instead, this paper adds
additional variables to capture the cyclical effects going from changes in labor
market conditions to ALMP spending, while at the same time controlling for
country- and time-speciﬁc effects and institutional changes. Moreover, it speciﬁes
the econometric model in a way to bias results against ﬁnding a positive effect of
ALMP spending on employment, implying that the estimates provided here
could be viewed as a lower bound for the effect of these policies. Third, the time
span covered in the paper is longer than that in previous studies.
The estimates presented here do not detect signiﬁcant dynamic effects of
ALMP spending on employment rates, but that does not mean that they are
not relevant. A strict interpretation of the results suggests that reductions in
ALMP spending as a share of GDP would reduce employment rates,
independently of their previous beneﬁcial effects. That may be explained by
the continued low employment rates in several countries included in this
study up to the end of the sample. However, it is plausible that ALMPs
26

The other institutional variables included in the employment rate equation were
insigniﬁcant in the wage curve estimation and were dropped from the speciﬁcation shown in
Tables 4 and 5. Unlike in the employment rate equation, when including the three components
of active labor market policies separately, the coefﬁcient estimates were not robust to changes
in sample period and country composition and are, therefore, not reported. Dynamic
speciﬁcations for the wage curve allowing for lagged effects of ALMP expenditures did not
alter the basic results.
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would become less necessary as employment rates rise and workers’ quality
of life and morale improve. This hypothesis should be tested with more data
as employment rates rise across OECD countries.
Whether ALMPs are cost-effective from a budgetary perspective remains
to be determined, and their ﬁnancing through tax increases could have
deleterious effects on labor supply. Despite the positive effect on employment
rates, their budgetary cost is high and they are likely to be subject to
diminishing returns as employment rates rise. At the present level of
employment rates, there is a good chance that ALMPs would recoup their
cost if they place beneﬁt recipients into jobs and these beneﬁts are phased
out. If that is not the case, increased taxation on labor income should not be
used to ﬁnance ALMPs. As forcefully argued in Prescott (2004), under some
extreme assumptions, low labor force participation vis-à-vis the United
States could be explained by higher income taxes in Europe. Although this
result has been disputed by others (see, for instance, Alesina, Glaeser, and
Sacerdote, 2005), it is hard to deny the negative effect of taxes on labor
utilization. The results presented here corroborate this impression because
measures of the wedge between labor income and take-home pay are
negatively correlated with employment rates.
Notwithstanding the positive effects of ALMPs on employment, given
the negative effect of current institutional arrangements on European labor
markets, institutional reforms are the ﬁrst priority for improving labor
utilization. In addition, they do not impose direct costs to the public budget
although they may affect particular social groups more directly than others.
Among the many possible reforms, the estimated coefﬁcients for the
institutional variables used in my econometric work suggest that reductions
in tax wedges, in beneﬁts replacement rates, and, more generally, in insiders’
wage bargaining power would have important beneﬁts.

APPENDIX
Appendix I. The OECD Labor Market Policies Database
The OECD labor market policies database includes expenditures on programs targeted to
particular labor market groups, therefore excluding general employment or macroeconomic
policies.27 So, some important policies, such as nontargeted reductions in taxes and social security contributions, would not be considered expenditures in labor market programs even if they
lowered labor costs. The data for ALMPs are broken down into the following ﬁve categories:
(1) PES and administration, which includes placement, counseling, and vocational
guidance; job search courses; and support for geographic mobility and similar costs
in connection with the job search and placement. It also encompasses overhead costs
of labor market and unemployment beneﬁt agencies and other administrative costs.
27
For further information on this database, see OECD (1993, Chapter 2, Annex 2.B) and
Martin and Grubb (2001).
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(2) Labor market training, which includes measures related to labor market policies that
are not targeted to youth or disabled individuals. It is broken down into two parts:
(a) training for unemployed adults and those at risk, and (b) training for employed
adults.
(3) Youth measures, which includes only special programs for youth in transition from
school to work and is broken down into two parts: (a) measures for unemployed and
disadvantaged youth, and (b) support for apprenticeship and related forms of
general youth training.
(4) Subsidized employment, which comprises targeted measures to promote employment
for unemployed individuals (other than youth or the disabled) and is broken down
into three parts: (a) subsidies to regular employment in the private sector, (b)
support for unemployed persons starting enterprises, and (c) direct job creation
(public or nonproﬁt).
(5) Measures for the disabled, which includes only special programs for the disabled,
limited to two types of policies: (a) vocational rehabilitation, and (b) work for the
disabled.
The OECD database has information on PLMPs broken down into two categories:
(1) Unemployment compensation, which comprises all forms of cash beneﬁts to
compensate for unemployment, except early retirement. In addition to
unemployment insurance and assistance, it also includes publicly funded
redundancy payments and other compensation for workers who are jobless owing
to a ﬁrm’s permanent or seasonal shutdown.
(2) Early retirement for labor market reasons, which includes special schemes in which
retirement pensions are paid to individuals without work or otherwise because of labor
market policies. Only subsidized early pensions rather than funded schemes within
regular pension plans (for example, by actuarial calculations of the amounts paid) are
taken into consideration.
Appendix II. Data Deﬁnitions and Sources
Most of the data used to build the variables used in this study came from the OECD Analytical
Database (AD), the OECD Expenditure in Labor Market Policies Database (LMPD), and the
OECD Beneﬁts and Taxes Database (BTD).28 Institutional variables either built or made
available by Nickell and Nunziata (2001) (NN) were also used.29
Data for the employment rate in the business sector come from the AD. Data for the
share of GDP diverted to ALMP expenditures come from the LMPD. GDP data are an
aggregation of quarterly series to match each country’s ﬁscal year. (All the labor market
policies data are in ﬁscal year units.) Business sector wages and the consumer price index
were obtained from the OECD Analytical Database.

28

Data for public expenditures on labor market policies, participant inﬂows, and many
institutional and labor market variables can be found at http://www1.oecd.org/scripts/cde/
members/LFSDATAAuthenticate.asp. Additional indicators and derived statistics can be
found at http://www1.oecd.org/scripts/cde/members/LFSINDICATORSAuthenticate.asp.
29
Their database goes from 1960 to 1995. Debrun (2003) extends part of the data up to
1998 and kindly provided the database. When used here, institutional data from Nickell NN
for 1999 and 2000 are assumed to be constant at their 1998 level.
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Control variables include the following:
(1) Expenditures on PLMPs (unemployment compensation and early retirement for
labor market reasons) from the LMPD expressed as a percentage of GDP.
(2) Technological growth in the business sector, used in the wage curve estimation, was
measured as30
ðDY  aDL  ð1  aÞDKÞ
;
a
where Y is the GDP, L the employment, K the capital, and a is the labor’s share in
income. All variables refer to the business sector and D denotes the logarithmic
difference.
Average gross replacement rate during the ﬁrst year of unemployment from the OECD
BTD. That is a rough approximation for the ratio between unemployment beneﬁts and
work income, but there are no available time series for net replacement rates.31
Union membership, as a percentage of employees, using data from the OECD
website. Missing values are replaced by the previous year’s value (or the following
year’s value when there is no previous value). Alternative measures from NN were
used, generating similar results.32
An index of employment protection made available by NN and originally built by
Blanchard and Wolfers (2000).33
Tax-wedge data from the OECD website, which include social security contributions
of employers and employees and labor income taxes. Data stopped in 1997 and are
assumed unchanged between 1998 and 2000.
The second bargaining coordination variable provided by NN.
The index of unemployment beneﬁts duration from NN.
DA ¼

(3)

(4)

(5)
(6)

(7)
(8)
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Under what conditions should grants be preferred to loans? To answer this question,
we present a simple model à la Krugman (1988) and show that, for any given level
of development assistance, higher concessionality is good for growth if countries are
poor, have bad policies, and have high debt obligations. We then test our model by
estimating a modiﬁed growth model for a panel of developing countries, and ﬁnd
evidence supporting most of our predictions. [JEL F35, H63, O40]
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I

n July 2001, U.S. President George W. Bush, endorsing a recommendation
made by the Meltzer (2000) Commission, proposed that the World Bank and
other development agencies replace up to 50 percent of their future lending with
grants. According to then U.S. Treasury Secretary Paul O’Neill, the ‘‘moregrants-less-loans’’ philosophy was justiﬁed by the belief that the World Bank, by
lending instead of donating funds to ﬁght poverty, had driven poor countries
‘‘into a ditch.’’1 The endorsement created a serious divide between the United

Tito Cordella is a lead economist in the Latin American and the Caribbean Region of the
World Bank. Hulya Ulku is a lecturer at the Institute for Development Policy and
Management (IDPM) at the University of Manchester in the United Kingdom. The authors
would like to thank Ratna Sahay for drawing their attention to the issue and for her initial
collaboration on the project. They would also like to thank Oya Celasun, Alejandro
Justiniano, Aart Kraay, Humberto Lopez, Domenico Lombardi, Ugo Panizza, Rodney
Ramcharan, Arvind Subramanian, and one anonymous referee, as well as seminar
participants at the IMF, the World Bank, and the 2005 Latin American and Caribbean
Economic Association meeting for helpful comments and suggestions.
1
See ‘‘Treasury Chief Accuses World Bank of Harming Poor Countries,’’ by J. Kahn, The
New York Times, February 21, 2002. For a more complete discussion of the original proposal
and the subsequent debate, see Sanford (2002).
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States and European donor countries. The U.K. secretary for international
development, in particular, dubbed the proposal ‘‘crazy,’’ arguing that it was
an attempt to ‘‘wreck’’ the World Bank’s lending programs by depleting the
amount of resources available for ﬁghting poverty and promoting growth.2
If international (as well as domestic) political considerations brought the
grants vs. loans debate into the limelight, they unfortunately overshadowed
economic considerations. Indeed, many questions remain unresolved. Does the
way in which aid is delivered matter in fostering development and growth? Is
there any trade-off donors (or recipients) should be aware of? Should the
composition of aid ﬂows be tailored according to recipients’ characteristics?
Should good policies be rewarded with more grants or with more loans?
In spite of the wide media coverage of the grants vs. loans debate, to our
knowledge there has been no attempt either to answer these questions with
the help of a clear-cut model, or to assess empirically whether the degree of
aid concessionality affects aid recipients’ growth outcome. To ﬁll such a gap,
in this paper we ﬁrst provide a very simple model that underscores some of
the basic trade-offs and sheds some light on the conditions under which loans
are more (or less) effective than grants in fostering growth. We then estimate
a modiﬁed growth model to test our theoretical predictions.
In order to make a meaningful comparison of grants and loans, we look
at the composition of aid ﬂows for any given level of development assistance.
In doing so, we implicitly agree with Lerrick and Meltzer (2002), who point
out that if the same level of assistance is maintained, grants cannot cost more
than loans.3 Indeed, for a given amount of assistance, it is the degree of
concessionality that determines the size of the loan.
When donors’ resources are limited, the best they can do (to foster
growth) is to offer recipient countries the largest loan they are willing to
service. The size of that loan is positively correlated with the quality of
policies and institutions in the recipient country. Countries with good policies
are indeed able to absorb larger volumes of international assistance, and thus
to put larger aid ﬂows to work. Countries with bad policies instead have low
absorptive capacity.4 Analogously, the cost of servicing a large loan, and thus
the incentives for defaulting on it, is larger in highly indebted and poor
countries. We also show that, even in the case in which recipient countries
might default on their concessional loans (and thus donors’ budget constraint
is slack), excessive concessionality might hamper growth.

2
See quotes by Clare Short, then U.K. international development secretary, in ‘‘IMF
Awaits Confrontation,’’ by D. Schepp, BBC News, April 16, 2002 (available via the Internet at
http://news.bbc.co.uk/2/hi/business/1933690.stm). A compromise between the United States
and Europe was ﬁnally reached on June 15, 2002, at the Halifax meeting of the Group of
Seven (G-7) ﬁnance ministers when it was agreed that 18 percent to 21 percent of future aid
would be in the form of grants rather than loans.
3
The fact that we agree with Lerrick and Meltzer (2002) on this point does not imply that
we agree with their claim that grants are always better than loans.
4
Notice that by absorptive capacity we mean only the capacity to service a loan.
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Building on these intuitions, the principal results of our theoretical
analysis are that the level of loan concessionality that maximizes growth
decreases with the quality of a recipient country’s policy environment and the
level of per capita income, and increases with the stock of debt.
In the empirical part of this paper, we modify a standard growth
regression by including a measure of concessionality that we interact with a
policy index,5 with per capita gross domestic product (GDP), and with a
measure of indebtedness. The results of our regressions lend empirical
backing to some of the predictions of the model. Indeed, once we control for
absolute levels of development assistance, we ﬁnd quite strong evidence that
an increase in the degree of concessionality of such assistance is good for
growth in countries with poor policy and institutional environments and low
per capita GDP. On the contrary, countries that have better policy
environments or are just richer seem to be able to absorb less-concessional
(but larger) aid ﬂows more effectively. However, we could not ﬁnd any
conclusive evidence as to whether concessionality does or does not help
growth in highly indebted countries.
Although our framework builds on the old sovereign debt literature à la
Cohen and Sachs (1986) and Krugman (1988), the spirit of the analysis is
closer to the recent theoretical literature on aid effectiveness in the presence
of conﬂicts between donors’ and recipients’ objectives.6 The main lesson we
can derive from this relatively new literature is that incentives matter
(Easterly, 2001). If this is the case, the way in which aid is disbursed also
matters, and donors should tailor their assistance according to the recipient
country’s characteristics. In this respect, the grant vs. loan analysis of this
paper complements that of Cordella and Dell’Ariccia (2007), who focus on
the trade-off between budget support and project aid in fostering
development and growth.
The existing literature on concessionality focuses mainly on government
revenue and spending patterns. In particular, Odedokun (2004) ﬁnds that
grants reduce tax efforts and government spending on investment and
increase ﬁscal deﬁcit. Similarly, Clements and others (2004) ﬁnd that loans
lead to increases in government revenues whereas grants tend to decrease
them. However, Bulow and Rogoff (2005) point out that multilateral
development institutions tend to push loans and thus foster overborrowing
by developing countries. For this reason, they advocate more grants. Radelet
(2005) also advocates the use of grants in the case of poor countries that lack
the capacity to generate the resources to repay loans. He also argues that the
criteria for allocating grants across countries should be based on per capita
income levels and not on indebtedness.

5
In the spirit of (among others) Burnside and Dollar (2000), Hansen and Tarp (2001),
Collier and Dollar (2002), and Easterly, Levine, and Roodman (2004).
6
See, among others, Murshed and Sen (1995), Svensson (2000), Federico (2001), Cordella
and Dell’Ariccia (2002), and Azam and Laffont (2003).
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Although the debate on grants and loans often gets the limelight, not
much attention has been paid by the literature on the relationship between
aid concessionality and economic growth. To the best of our knowledge, the
only other authors who are currently studying this important issue are Iimi
and Ojima (2005), who analyze how grants, loans, and the degree of
concessionality affect economic growth. Our research differs from theirs in at
least two important ways. First, whereas they use cross-sectional data from
61 countries, we use international panel data from 62 developing countries
for the period 1976–95, which enables us to control for omitted variable
biases and to some extent for endogeneity problems. Second, our study
focuses on how country characteristics affect the relationship between
concessionality and growth and shows that, although concessional aid is
generally associated with a higher growth rate, it is more effective in countries
with a poor policy environment and low per capita income.7
I. Model
In order to assess which is the more effective way of delivering concessional
assistance, we develop a stylized framework in which a donor is willing to
 to assist a developing
transfer a ﬁxed amount of developmental assistance, A,
country (hereinafter the recipient). The donor may choose grants, loans, or
any combination of the two. Without any loss of generality, we assume that
the donor chooses from a continuum of loan packages with different degrees
of concessionality attached. Of course, for a ﬁxed amount of assistance, the
degree of concessionality is inversely correlated with the size of the loan:
lower concessionality implies larger loans; higher concessionality, smaller
loans. Normalizing the donor’s discount factor to zero, and assuming (for the
moment) that the recipient always pays back the loans it receives, the donor
is willing to offer the recipient any aid package
fL; cjcL


Ag;

(1Þ

where L is the amount of the loan and cA(0,1) is the degree of loan
concessionality, that is, the fraction of the loan that the recipient does not
have to pay back. If c-0, the loan (L-N) is nonconcessional, whereas if
 is a grant, that is, it is fully concessional.
c ¼ 1, the loan (L ¼ A)
In what follows, we assume that without development aid the recipient’s
production is equal to y, whereas a loan L yields (gross) returns zL.
Following Krugman (1988), we denote by z, zAR þ , a choice variable
capturing the contribution of an aid recipient country’s adjustment effort to
production (per unit of investment). We also assume that the cost of
a
adjustment per unit of input is given by z2 , where the parameter a denotes
2
the exogenous quality of the overall political and institutional environment.
7
These ﬁndings are also in line with the theoretical implications of Rai and Sjöström
(2001) that more productive agents prefer investment subsidy, whereas the rest take the grants.
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High values of a are indeed associated with a deterioration of such an
environment and (see lemma below) with a decrease in the endogenous
adjustment effort z. Total production in the recipient country is then given by
Y ¼ y þ zL
(2Þ
and the recipient’s objective function by

a 
U ¼ y þ L z  z2  minfgY; ð1  cÞL þ Dg;
(3Þ
2
where gY, gA(0,1), denotes the maximum amount of debt that the recipient is
able (willing) to pay, (1c)L denotes the recipient’s obligations vis-à-vis the
donor, and D denotes other existing repayment obligations.
Following the sovereign debt literature, gY can be thought of as the costs
of default, which, as in Cohen and Sachs (1986), is assumed to be a constant
fraction of output.8 Accordingly, the country will repay the debt as long as
the cost of repaying it, (1c)L þ D, is smaller than the cost of default.
Without great loss of generality, and in order to simplify the analysis, we
work under assumption (As1):9
D
(As1Þ
a4g4 :
y
Furthermore, since we are looking at development assistance, it is natural to
assume that the latter is concessional enough so that resource transfers have
an upper bound. More precisely, we work under assumption10 (As2):
Að1  gÞ2 ð2ða  gÞ þ g2 Þ
.
:
(As2Þ
c4c 
að2  ð2  gÞgÞðA  D þ g
yÞ
A
Assume now that the donor offers a loan of size L ¼ , and the recipient
c
chooses z to maximize Equation (3). The following lemma then follows.
Lemma: There is a level of loan concessionality c, cA(0,1), such that if
1g
and defaults
coc, the recipient chooses a level of adjustment effort z^ ¼
a

on its debt; if instead cZc , the recipient chooses a level of adjustment effort
1
~z ¼ and repays its debt.
a
Proof: See Appendix I.
8
This would be the case if the cost of defaulting was conducive to trade sanctions or to
other forms of isolation (for example, ﬁnancial autarky).
9
The assumption guarantees that default costs are small enough (goa) for the country to
default if it receives a large enough loan, and large enough not to default if it receives fully
concessional assistance ðg4DyÞ. The latter assumption is equivalent to assuming that before
receiving the loan the country is solvent or, alternatively, that its debt has already been
restructured.
10
This condition ensures that aid recipient countries will suffer an output loss should they
decide to default. It is thus crucial for the second part of the proposition, below, to hold
for all c.
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Using the lemma, it is now easy to assess the relationship between the degree
of aid concessionality and consumption (or growth, which we can deﬁne as
Y  y). In particular, we have the following:
Proposition: If cZc, by decreasing the degree of concessionality, donors
increase economic growth in aid recipient countries. However, decreasing c
beyond cyields a reduction in economic growth. Finally, c decreases in y and

increases in a, D and A.
Proof: See Appendix I.
Thus, should the donor’s objective be to maximize growth under constraint
(1), the optimal degree of loan concessionality is given by c ¼ c. It is higher
in countries with a bad policy environment (high values of a, low values of z);
it decreases with the level of initial production GDP (
y) and increases with
other existing repayment obligations (D), as well as with the volume of
assistance.
Before seeking to derive more general lessons from the analysis, let us try
to grasp the main intuitions within the simple framework we developed.
First, one should keep in mind that, for a given amount of resources devoted
to development assistance, the degree of concessionality determines the size
of the loan. Although larger loans yield larger investment opportunities, they
also bring larger repayment obligations, and thus higher incentives to
eventually default. Following the sovereign debt literature, we worked under
the assumption that the cost of defaulting on external obligations is a
function of GDP. Thus, a recipient that anticipates a default would also
anticipate that part of its GDP would be conﬁscated. This implies lower
returns from a given level of adjustment effort,11 and thus lower effort (see
the lemma). Given that the donor’s resources are limited, the best it can do is
to offer the recipient the largest loan that the recipient would ﬁnd in its selfinterest to service. A lower level of concessionality (larger loans) would not
only create an incentive for the recipient to default (and thus violate the
donor’s resource constraint), but would also reduce the recipient’s
adjustment effort. A higher level of concessionality would decrease only
the resources that the donor could make available to the recipient, and thus
will be associated with lower consumption (growth).
We also found that the incentive-compatible threshold level of
concessionality, c, increases with the recipient’s adjustment costs, which
are determined by the quality of the institutional environment. Indeed, if
such costs are high enough, the recipient would ﬁnd it in its best interest
to default on relatively small loans, and thus decrease its adjustment effort.
A
The marginal returns from the adjustment effort are given by qU ¼ ð1  g  azÞwhen
qz
c
qU A
the recipient anticipates default, and by
¼ ð1  azÞwhen the no-default condition is
qz
c
veriﬁed (see Equations (A.1) and (A.2) in Appendix I).
11
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In this case, the donor would be better off increasing the grant component of
the aid package. In doing so, it would create the condition for the recipient
not only to repay the debt, but also to maintain a high adjustment effort. A
high level of other repayment obligations would have the same effect, and the
recipient’s incentive to default on large (and thus mostly nonconcessional)
loans would be magniﬁed.12 Thus, in highly indebted countries the donor’s
choice should be tilted toward more concessionality. For analogous reasons,
servicing the debt is more costly for poor countries, which should also receive
more concessional aid packages. Finally, our model suggests that an increase
in the volume of development assistance should be accompanied by an
increase in the level of concessionality.
Testable Impliations
Our model has clear testable implications. In particular, from the fact that
the threshold level of loan concessionality c—below which less-concessional
assistance harms growth—decreases with the quality of the overall political
and institutional environment and the level of initial GDP and increases with
the level of indebtedness, it follows directly that
Testable Implication 1: The impact of concessionality on growth should be
larger in countries with a bad policy environment and bad institutions than in
countries with a good policy environment and good institutions.
Testable Implication 2: The impact of concessionality on growth should be
larger in poorer countries than in richer ones.
Testable Implication 3: The impact of concessionality on growth should be
larger in highly indebted countries than in less indebted ones.
II. Empirical Evidence
In this section, we ﬁrst describe our data and methodology and then
investigate the above implications using a modiﬁed growth model.
Data
The data used in this paper consist of an unbalanced panel of 62 countries
and ﬁve four-year time periods from 1976–79 to 1992–95.13 The dependent
variable is the real per capita GDP growth (Dpcgdp) calculated as the log
difference of per capita real GDP (Pcgdp) from Heston, Summers, and Aten’s
(2002) Penn World Table (PWT 6.1). Data on effective developmental
12

In our setup, default is a yes-no decision. We implicitly assume cross-default negative
pledge clauses that rule out partial defaults.
13
See Appendix Table A3 for a list of countries and the availability of four-year averaged
data. See Appendix Table A4 for a complete list of variables and their sources, and Appendix
Tables A5 and A6 for the summary statistics and correlation coefﬁcients.
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assistance (Eda), Loans, and Grants are from the World Bank database
developed by Chang, Fernandez-Arias, and Servén (1999), which deﬁnes Eda
as the sum of the grant equivalent of loans and ofﬁcial grants (excluding
technical assistance). The grant equivalent of a loan is deﬁned as the
difference between the present values of the loan’s disbursements and the
stream of expected debt service payments.14
We calculate the degree of concessionality (Conc), dividing Eda15 by total
development assistance (Tda), that is, by the sum of Grants and Loans, which
Eda
can be written as Conc ¼
.
Loans þ Grants
To assess the quality of a country’s policies and institutional framework,
following Collier and Dollar (2002), we use the country policy and
institutional assessment (Cpia) index from the World Bank. This index
ranges from 1 to 5, with higher values indicating a better policy
environment.16
Among the remaining variables, present value of debt (Debt) is from
World Bank Global Finance Development; the terms of trade index (Tot),
the openness variable (Open), and GDP in current U.S. dollars are from the
IMF World Economic Outlook database; and life expectancy (Lifexp) is
from the World Bank World Development Indicators database. Last, the
dummy variable for civil war (War) is from Doyle and Sambanis (2000), and
the dummy variable for IMF programs (Imf) was constructed by the authors.
Throughout the paper, Eda Debt and Tda are expressed as shares of
GDP. Finally, in order to deal with the outliers problem in a
noncontroversial way, we used the Hadi (1994) method, which identiﬁes
multiple outliers in multivariate data,17 and eliminated 21 observations.
Methodology and Results
The main aim of our empirical analysis is to assess the effects of loan
concessionality on economic growth under different policy environments, per
14
Grant equivalent is simply the grant component of the concessional loan. When grant
equivalent is expressed as a share of the discounted face value of the loans, it is referred to as
grant element. Conversely, loans are calculated by dividing the grant equivalent by the grant
element.
15
In the original data set, because of issues related to calculation of the net present value
of external debt, there are cases in which Eda takes a negative value (negative concessionality).
Because we are interested in concessional aid, we decided to drop those observations from our
data set.
16
The Cpia is a composite measure of the policy environment consisting of 20 equally
weighted components divided into ﬁve categories: macroeconomic management, structural
policies, policies for social inclusion, public sector management, and institutions. The latest
Cpia data are available (albeit not publicly) for 76 countries. For more details, see Collier and
Dollar (2002).
17
More precisely, we used the hadimvo routine in STATA8 and identiﬁed outliers with
respect to our variables of main interest (DPcgdp, Eda, Conc, Cpia, and Budget) at the
standard 5 percent level cutoff. Results with and without outliers are quite similar.
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capita income levels, and degrees of indebtedness. With this in mind, we
modify a standard growth equation to include the Conc variable and the
following interacted terms: Polcon (Cpia n Conc); Gdpcon (Pcgdp n Conc); and
Debtcon (Debt n Conc). Our main speciﬁcation is thus
Dpcgdp ¼ a0 þ a1 Lningdpi;t þ j0 Edai;t þ j1 Conci;t þ b 0 Xi;t
þ j2 Polconi;t þ j3 Debtconi;t þ j4 Gdpconi;t þ lt þ ei;t ;

(4Þ

where Lningdp denotes the logarithm of per capita GDP in the ﬁrst year of
the four-year period, and Xi,t is a vector of control variables, including Cpia,
Debt, Open, Lifexp, Tot, Imf, and War dummies, which control for the
quality of the institutional environment, indebtedness levels, degree of
openness to international trade, quality of health services, intensity and
vulnerability of countries to exogenous shocks, ﬁnancial crises, and civil
wars, respectively. All regressions include time ﬁxed effects (lt), and regional
dummies are included in all level equations18 to control for the time- and
region-speciﬁc ﬁxed effects. This speciﬁcation allows us to test whether it is
indeed true that the effect of concessionality on growth ‘‘higher in countries
with a poor policy environment (j2o0), higher levels of debt (j3o0), and a
lower level of development (j4o0).
The estimation of Equation (4) poses several econometric problems,
including omitted variables bias and the possible endogeneity of some of the
explanatory variables, among them Conc and its interacted terms. In order to
partially address this problem, we use a two-step system generalized method
of moments (GMM) estimator,19 and lag our right-hand-side variables by
one period. This lag allows us to focus on the longer-run effects of changes of
the economic environment on growth and to fully acknowledge that the
effect of concessionality on growth is necessarily lagged. In fact—as long as
one does not think that Ricardian equivalence holds perfectly—the degree of
concessionality should matter less for economic growth at the time a loan is
disbursed than at the (future) time in which it has (eventually) to be repaid.
18
The regional dummies include Ssa (sub-Saharan Africa), Asia, and Latin America. We
also introduce an Hipc dummy for the heavily indebted poor countries. These dummies cover
all countries in the data except for the Middle East.
19
The original GMM estimator, referred to as differenced GMM, which was developed
by Arellano and Bond (1991), yields inefﬁcient estimates, because lagged levels are poor
instruments for ﬁrst-difference equations, particularly for persistent series. The system GMM
estimator proposed by Arellano and Bover (1995) and Blundell and Bond (1998) eliminates
this problem by using the lagged levels as instruments for ﬁrst-difference equations and the
lagged ﬁrst differences as instruments for level equations. Within the system GMM estimators,
the two-step system GMM is shown to yield more efﬁcient and reliable results than one-step
system GMM, provided that the standard errors of the former estimator are corrected for
their downward bias. In our estimates, we use STATA’s xtabond2 routine, developed by
David Roodman, with the two-step and the robust option, which enables us to correct for the
ﬁnite sample bias in the standard errors by using the two-step covariance matrix developed by
Windmeijer (2000).

147

©International Monetary Fund. Not for Redistribution

Tito Cordella and Hulya Ulku

Finally, to avoid having a large instrument matrix that might cause
redundant moment conditions and biases in GMM estimators, only the ﬁrst
two (in the level equations) and ﬁrst three lags (in the differenced equations)
of Lningdp, Eda, Cpia, Debt, and Imf are included in the instrument matrices.
Terms of trade shocks are used as strictly exogenous instruments in both level
and difference equations, whereas the time ﬁxed effects and regional
dummies are included only in the level equations. The remaining variables
are assumed to be predetermined, given that their ﬁrst lags have been used in
the analysis.20
The results of our regressions are summarized in Table 1, columns 1–5.21
First, we notice that the Eda coefﬁcient is always negative and signiﬁcant in
most of the regressions. However, in our speciﬁcation, aid affects growth
through different channels, and the fact that the Eda coefﬁcient is negative
does not imply that the total effect of Eda on growth is negative.
Indeed, the total derivative of growth on Eda,22 which we denote by Tot
Eda in our tables,
qPcDgdp
j
j Cpia j3 Debt j4 Pcgdp
¼ j0 þ 1 þ 2
þ
þ
;
qEda
Tda
Tda
Tda
Tda

(5Þ

is positive, and it is generally signiﬁcant after computing the corresponding
standard errors.
The coefﬁcients of Cpia and Lifexp have the expected positive sign and
are signiﬁcant in all regressions. The coefﬁcient of Open is positive in all
regressions and signiﬁcant in the main regression, in which all interacted
terms are included as regressors. Even though the debt coefﬁcient enters all
regressions with a positive sign and is signiﬁcant in the majority of the
regressions, it is not robust to different speciﬁcations.23
As can be seen in Table 1, the Conc coefﬁcient is always positive and
signiﬁcant, and the interacted terms have all the right signs. Two out of the
three interacted terms—Polcon and Gdpcon—are signiﬁcant both when alone
and when all interacted terms are included in the regression. These ﬁndings
support the prediction of our model that countries with a weak institutional
environment and low per capita GDP need more concessional forms of
assistance.
To get a better sense of how the effect of concessionality on growth
depends on policies and economic factors, in Table 2 we compute the
estimated ﬁrst derivatives of growth with respect to Conc at the sample
20
Because all the explanatory variables except for the Lningdp are lagged for one period,
the lag lengths of instrument variables start from the second lags, except for Lningdp.
21
Two assumptions must be satisﬁed for this estimator to be consistent. The original
errors should not be serially correlated with each other or with the regressors. To address these
issues, we run a Sargan test of overidentifying restriction, and we then test for second-order
autocorrelation in the error term. Eda
22
Remembering that Conc  Tda.
23
See Appendix Tables A1 and A2.
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Table 1. Two-Step System GMM Regressions
Dependent variable: per capita GDP growth (Dpcgdp)

Lningdp
Eda_1
Conc_1
Cpia_1
Debt_1
Open_1
Lifexp_1
Tot_1
War_1
Imf_1

(1)

(2)

(3)

(4)

(5)

–0.023*
(0.014)
–1.007**
(0.381)
0.073**
(0.032)
0.026***
(0.007)
0.081*
(0.044)
0.021
(0.017)
0.203**
(0.081)
–0.007
(0.010)
0.012
(0.014)
–0.012
(0.010)

–0.023*
(0.012)
–0.576
(0.411)
0.262***
(0.096)
0.058***
(0.016)
0.055*
(0.032)
0.022
(0.019)
0.227***
(0.084)
–0.002
(0.011)
0.019
(0.015)
–0.004
(0.009)
–0.074**
(0.034)

–0.023*
(0.014)
–1.008**
(0.386)
0.071*
(0.039)
0.026***
(0.007)
0.077
(0.090)
0.021
(0.017)
0.204**
(0.083)
–0.007
(0.010)
0.012
(0.015)
–0.012
(0.011)

0.015
(0.022)
–1.019**
(0.489)
0.198***
(0.060)
0.025***
(0.006)
0.087*
(0.045)
0.024*
(0.015)
0.199***
(0.069)
–0.006
(0.009)
0.014
(0.013)
–0.011
(0.008)

0.014
(0.020)
–0.871**
(0.371)
0.299***
(0.093)
0.046***
(0.013)
–0.085
(0.101)
0.022*
(0.013)
0.228***
(0.085)
–0.004
(0.009)
0.009
(0.013)
–0.005
(0.009)
–0.055*
(0.028)
0.311
(0.195)
–0.033**
(0.014)
–0.386**
(0.150)
2.119**
(0.902)
236
62
0.93
0.48

Polcon_1

0.008
(0.174)

Debtcon_1

Constant

–0.031
(0.092)

–0.144
(0.099)

–0.030
(0.091)

–0.032**
(0.014)
–0.349**
(0.163)

Tot Eda_11

1.140
(1.016)
236
62
0.93
0.63

1.014
(0.890)
236
62
0.93
0.48

1.120**
(0.410)
236
62
0.91
0.63

2.189***
(0.580)
236
62
0.88
0.53

Gdpcon_1

Observations
Number of countries
Sargan/Hansen p-value2
AR (2) p-value3

Source: Authors’ calculations. See Appendix Table A4 for the sources of variables used in
the estimations.
Notes: Standard errors in parentheses. *Signiﬁcant at 10 percent; **signiﬁcant at 5
percent; ***signiﬁcant at 1 percent.
Eda and Debt are expressed as a share of GDP. Level equations in the two-step system
GMM include regional dummies (Asia, Ssa, Hipc, and Latin America).
All regressions include time dummies.
1
The coefﬁcient of Tot Eda reﬂects the total impact of Eda on the growth rate of per capita
GDP.
2
H0: regressors are not correlated with the residuals.
3
H0: errors in ﬁrst difference equations exhibit no second-order serial correlation.
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Table 2. Cpia/Pcgdp Sensitivity of Concessionality
Cpia
Pcgdp
Mean–SD
Mean
Mean+SD

MeanSD

Mean

Mean+SD

0.15
0.09
0.03

0.12
0.05
0.01

0.08
0.02
0.04

Source: Authors’ calculations.
Notes: SD=standard deviation. Calculations are based on coefﬁcients from Table 1,
column 5. Values represent the estimated derivative of growth with respect to concessionality
for a country (with a balanced budget) at the mean values of Cpia and Pcgdp and one standard
deviation of the variables below or above the average.

average values of Cpia and Pcgdp and one standard deviation above and
below the mean.24 Indeed, we ﬁnd that although in poor countries the
derivative of concessionality in terms of growth is positive, it becomes
negative as policies improve and per capita income levels increase.
To check the robustness of our results we also carry out various
sensitivity analyses. First, to see if our ﬁndings are sensitive to the numbers of
the lags included in the instrument matrix we run our main regression with
different lag lengths. Appendix Table A1 suggests that, overall, our results
are quite robust in this dimension. Speciﬁcally, all the interacted terms have
the expected sign, Gdpcon is signiﬁcant in all regressions, Polcon is signiﬁcant
in the majority of the regressions, and, this time, Debtcon is signiﬁcant in two
out of six regressions.
As a second robustness test, we reestimated our main equation using
ordinary least squares (OLS), difference GMM, and one-step system GMM.
Although these estimators are inferior to the two-step system GMM, it was
important to check whether the results differed dramatically across different
estimators. Looking at the ﬁrst three columns of Appendix Table A2, it appears
that the coefﬁcients, including those of the interacted terms, have the correct
sign and are signiﬁcant in the majority of the regressions. The results of the onestep system GMM regression, which does not have the biases of the OLS and
difference GMM, are almost identical to those of our main regression. Finally,
the fourth column of Appendix Table A2 reports the ﬁndings of the regression
with Edasquare to take into account the possibility that the impact of grants on
the growth rate of per capita income might be nonlinear. The coefﬁcient of
Edasquare is not signiﬁcant, and its inclusion does not affect the other variables.
To sum up the main results of this section, using data from a large sample
of aid recipient countries for the period 1975–95, we have found quite
convincing evidence that the effect of the degree of loan concessionality on
24
Because the Debtcon coefﬁcient is insigniﬁcant, we ignored it in estimating the derivative
of growth with respect to concessionality, assuming a zero budget deﬁcit.
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economic growth depends on aid recipient countries’ characteristics. In
particular, in line with the predictions of our model, a high degree of loan
concessionality improves aid effectiveness in poor countries and in countries
with a poor policy environment. These results hold true in different
speciﬁcations of the econometric model and are robust to different
estimation techniques. However, we should also mention that the results of
the empirical analysis provide only weak evidence that more concessionality
leads to higher growth in countries with high levels of debt.
III. Conclusions
There is no doubt that the political economy (or the politics) of international
development has played a major role in shaping the grants vs. loans
controversy. Under such circumstances, it is not surprising that economic
analysis lagged somewhat behind. To ﬁll such a gap, we developed a simple
analytical framework to understand the main trade-offs that could guide the
choice of the right amount of concessionality in development assistance. This
helped us derive clear testable implications, which steered our empirical analysis
and allowed us to better understand the conditions under which more- (or less-)
concessional aid ﬂows are conducive to better economic performance.
This paper starts by recognizing that in order to compare grants and loans
meaningfully one should keep the amount of assistance as ﬁxed. This highlights
a basic trade-off: more concessionality means fewer repayment obligations but
also fewer resources available for donors to offer to recipient countries.
Focusing on this basic trade-off leads to an immediate realization that
neither of the corner situations (all grants or all loans) should a priori be the
most desirable outcome, and that the optimal mix of grants and loans
depends on the speciﬁc characteristics of a country. In this paper, we
emphasize the quality of policies, the accumulated debt burden, and the level
of development. Of course, there are several other channels through which
the level of concessionality may affect economic performance. We focused on
these because of their prominence in the current policy debate.
We are aware of the limitations of our analysis. First, the question of
whether economic growth is the right metric with which to measure the
success of aid is very pertinent. It could well be argued that some donors are
more interested in improving access to basic health care or education, or
more generally in ﬁghting poverty, than in promoting growth. Unfortunately,
data on health and education are at best incomplete, and data on poverty are
difﬁcult to collect and compare. However, it is possible to build on the data
of Dollar and Kraay (2002), who show that, in developing countries, per
capita income for the poor grows one for one with aggregate per capita
income. This in turns implies that per capita growth could be used as a proxy
for poverty reduction, and allows us to argue that our measure of success is
highly correlated with such a reduction.
We also have to recognize that throughout our analysis we kept the
amount of assistance constant and, in doing so, we explicitly avoided dealing
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with the problem of how to allocate assistance efﬁciently across different
countries. In addition, we did not look at how aid was disbursed, and thus at
whether the policy environment affected the allocation of aid ﬂows among
budget support, project aid, and other forms of assistance. Furthermore, we
looked only at ofﬁcial aid ﬂows, and thus we are unable to say much about
whether the effectiveness of aid ﬂows mediated by nongovernmental
organizations (NGOs) follows the same patterns as ofﬁcial aid.
With these caveats in mind, we think this paper offers quite convincing
evidence that a good policy environment allows countries to effectively absorb
more resources, even if these resources have to be repaid, whereas high poverty
levels and poor policy environments have the opposite effect. However, we have
not been able to ﬁnd compelling evidence that countries with high debt levels
could beneﬁt from more concessional assistance. The reason for this is that
donors tend to evergreen their lending to low-income countries so that existing
debt levels are purely ﬁctitious. If this is the case (see also Cordella, Ricci, and
Ruiz-Arranz, 2005), it is then not surprising that indebtedness levels do not
affect the way in which concessionality affects growth.
Two main messages arise from our analysis. The ﬁrst is that it is crucial to
link the amount of concessionality to the quality of the policy environment.
This does not imply that countries with bad policies should be rewarded with
more grants. It just means that once the optimal allocation of development
assistance has been decided across countries, countries with bad policies should
be offered fewer, but more concessional, resources. This would also make it
easier to deliver aid through NGOs, bypassing the corrupt recipient country
governments, and would help punish them without punishing innocent citizens
(who are already likely to suffer from the bad policy environment).
The second message is that the grants vs. loans choice is an easy one for the
poorest countries. Providing them with larger but less-concessional aid packages
could negatively affect both their current and future growth performance
through the accumulation of a stock of eventually unsustainable debt. This view
is gaining popularity and has shaped some of the features of the HIPC Initiative.
The donor community has in fact stipulated that any new HIPC borrowing
(after debt relief is granted) should be on highly concessional terms and
preferably in the form of grants. This would prevent repeating the mistakes of
the past, when large loans left poor countries poor and indebted.
APPENDIX I
Proof of the Lemma

Assume that the country repays its debt. Then the problem it faces is that of

A 
a
z  z2  1 þ c  D:
Max y þ
(A:1Þ
z
c
2
The ﬁrst-order condition (FOC) of the problem yields an optimal level of adjustment
1
effort z~ ¼ . We still must verify that at z ¼ z~ the recipient repays its debt. For this to be
a
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A
ð1  cÞ þ D. Substituting the value of z~ in Equation (2), this
c
condition can be rewritten as

A
A
g y þ
ð1  cÞ þ D;
ac
c
true, we need gYð~
zÞ

or
c

c~ 

  gÞ
Aða
:
aðg
y þ A  DÞ

In addition, using assumption (As1), it is immediately evident that 0o~
co1. Assume
now that the country does not repay its debt. Then the problem it faces is

A 
A
a 
Max y þ
z  z2  g y þ z :
(A:2Þ
z
c
c
2
1g
The FOC of the problem yields an optimal level of adjustment effort z^ ¼
. We
a
still must verify that at z ¼ z^ the recipient does not repay its debt. For this to be true,
A~
we need gYð^
zÞ  ð1  cÞ þ D. This condition can be rewritten as
c
  gÞ
  ð1  gÞgÞ
Að1
A
Aða
gð
yþ
 ð1  cÞ þ D; or c  c^ 
o1. It is then easy to
ac
c
aðg
y þ A  DÞ
verify that c^4~
c. This in turn implies that (1) for c  c~, z^ is the equilibrium
adjustment effort level; (2) for c4^
c, z~ is the equilibrium adjustment effort level;
and (3) for c 2 ½c ; c^, z~ and z^ are the two candidate equilibrium adjustment effort
levels. To determine which one is indeed the equilibrium, notice that

  2aÞ
Að1
ð1  gÞA
; UðzÞ ¼ ð1  gÞ y þ
Þ, and Uð~
zÞ4Uð^
zÞ ,
Uð~
zÞ¼ yþA  D þ
2ac
2ac

Að2ða
 gÞ þ g2 Þ
. It is then immediately evident that c 2 ½~
c4c 
c; c^, so that the
2aðg
y þ A  DÞ
g
1
optimum level of effort is given by z^ ¼ for cA[0, c], and by z^ ¼ for cA[c, 1].
a
a

Proof of the Proposition


A 1  a
 A,
c
a
qyND
o0.
where superscript nd stands for nondefault. It is immediately evident that
qc

If instead coc , consumption in the recipient country is given by

A
Y d ¼ ð1  gÞ y þ ð1  gÞ ; where superscript d stands for default. It is then
c
Ax ð1  gÞ2
nd
easy to show that Y d 4Yc¼c
. Substituting the
 , co
Að1  að1  c Þ  ac ðD  g
yÞÞ
.
value for c, the condition can be written as coc.
.
The remainder of the proof follows from (As1), which insures that coc , and (As2),
If c>c, consumption in the recipient country is given by Y nd ¼ y þ

  gÞg
Að2
qc
.
which insures that c4c. Finally, it is easy to check that
¼ 2
40;
qa 2a ðg
y þ A  DÞ
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Að2ða
 gÞ þ g2
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qc ðg
y  DÞð2ða  gÞ þ g2 Þ
¼
¼
40;
40;
qD 2aðg
qA
y þ A  DÞ2
2aðg
y þ A  DÞ2

Að2ða
 gÞ þ g2 Þ
qc
¼
o0:
q
y
2aðg
y þ A  DÞ2

APPENDIX II
For Robustness Test, Description of Data, and Summary Statistics, see Tables A1–A6.

Table A1. Two-Step System GMM Regressions with Different Lag Lengths
Dependent Variable: Per Capita GDP Growth (Dpcgdp)

Lag lengths of
differenced
instruments
Lag lengths of level
instruments
Lningdp
Eda_1
Conc_1
Cpia_1
Debt_1
Open_1
Lifexp_1
Tot_1
War_1
Imf_1
Polcon_1
Debtcon_1
Gdpcon_1
Constant

(1)

(2)

(3)

(4)

(5)

(6)

1

1

2

2

3

3

2

3

2

3

2

3

0.016
(0.024)
–0.952**
(0.421)
0.297***
(0.106)
0.042***
(0.014)
0.031
(0.136)
0.021
(0.018)
0.217**
(0.108)
–0.002
(0.011)
–0.005
(0.010)
0.008
(0.010)
–0.048
(0.033)
0.234
(0.285)
–0.034**
(0.015)
–0.399**
(0.178)

0.019
(0.023)
–0.930**
(0.448)
0.338***
(0.111)
0.051***
(0.013)
–0.081
(0.109)
0.023
(0.018)
0.214*
(0.117)
–0.002
(0.010)
–0.001
(0.009)
0.009
(0.012)
–0.066**
(0.027)
0.338
(0.240)
–0.036**
(0.016)
–0.439**
(0.171)

0.013
(0.025)
–1.014*
(0.509)
0.276**
(0.110)
0.043***
(0.014)
–0.021
(0.138)
0.026
(0.020)
0.205**
(0.093)
–0.001
(0.009)
–0.004
(0.009)
0.013
(0.012)
–0.044
(0.033)
0.232
(0.256)
–0.032**
(0.016)
–0.374*
(0.188)

0.014
(0.020)
–0.871**
(0.371)
0.299***
(0.093)
0.046***
(0.013)
–0.085
(0.101)
0.022*
(0.013)
0.228***
(0.085)
–0.004
(0.009)
–0.005
(0.009)
0.009
(0.013)
–0.055*
(0.028)
0.311
(0.195)
–0.033**
(0.014)
–0.386**
(0.150)

0.017
(0.024)
–0.818*
(0.434)
0.299***
(0.091)
0.049***
(0.015)
–0.134
(0.110)
0.023*
(0.012)
0.208**
(0.089)
–0.000
(0.011)
–0.003
(0.010)
0.012
(0.014)
–0.063*
(0.034)
0.423*
(0.226)
–0.033*
(0.017)
–0.402**
(0.165)

0.018
(0.022)
–0.856**
(0.410)
0.314***
(0.090)
0.047***
(0.013)
–0.093
(0.085)
0.021*
(0.012)
0.226**
(0.085)
–0.000
(0.010)
–0.003
(0.009)
0.009
(0.014)
–0.056**
(0.027)
0.342*
(0.180)
–0.034**
(0.014)
–0.431***
(0.152)
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Table A1 (concluded )

Tot Eda_11
Observations
Number of countries
Sargan/Hansen
p-value2
AR(2) p-value3

(1)

(2)

(3)

(4)

2.075*
(1.181)
236
62
0.40

2.138*
(1.286)
236
62
0.66

1.888*
(1.075)
236
62
0.81

2.092**
(0.899)
236
62
0.93

0.51

0.46

0.51

(5)
2.001**
(1.078)
236
62
0.87

0.48

(6)
2.518***
(0.878)
236
62
0.98

0.43

0.45

Source: Authors’ calculations. See Appendix Table A4 for the sources of variables used in
the estimations.
Notes: Standard errors are in parentheses. *Signiﬁcant at 10 percent; ** signiﬁcant at 5
percent; *** signiﬁcant at 1 percent.
Eda and Debt are expressed as a share of GDP. Level equations in the two-step system
generalized method of moments (GMM) include regional dummies (Asia, Ssa, Hipc, and Latin
America).
All regressions include time dummies.
1
The coefﬁcient of Tot Eda reﬂects the total impact of Eda on the growth rate of per capita
GDP.
2
H0: regressors are not correlated with the residuals.
3
H0: errors in ﬁrst difference equations exhibit no second-order serial correlation.

Table A2. Different Regression Techniques
Dependent variable: per capita GDP growth (Dpcgdp)

OLS
(1)
Lningdp
Eda_11
Conc_1
Cpia_1
Debt_1
Open_1
Lifexp_1
Tot_1
War_1

–0.009
(0.013)
–0.806**
(0.313)
0.072
(0.061)
0.019**
(0.009)
–0.086*
(0.052)
0.026***
(0.009)
0.083*
(0.050)
–0.001
(0.005)
–0.001
(0.005)

One-Step Differenced
GMM
(2)
–0.006
(0.031)
–0.533
(0.340)
0.093
(0.079)
0.005
(0.014)
0.059
(0.085)
0.036**
(0.015)
0.273
(0.260)
0.006
(0.005)
0.004
(0.015)

One-Step
System
GMM
(3)
0.017
(0.020)
–0.746*
(0.390)
0.315***
(0.095)
0.049***
(0.013)
–0.042
(0.083)
0.023*
(0.014)
0.193**
(0.081)
–0.006
(0.008)
0.013
(0.010)

Two-Step System
GMM with
Edasquare
(4)
0.013
(0.022)
–1.906**
(0.895)
0.363***
(0.090)
0.049***
(0.013)
–0.019
(0.127)
0.031**
(0.015)
0.193**
(0.093)
0.004
(0.011)
0.012
(0.014)
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Table A2 (concluded )
One-Step Differenced
GMM
(2)

OLS
(1)

One-Step
System
GMM
(3)

Two-Step System
GMM with
Edasquare
(4)

–0.006
(0.005)
–0.010
(0.016)
0.246**
(0.110)
–0.010
(0.010)

0.003
(0.006)
0.008
(0.023)
0.235*
(0.143)
–0.035*
(0.021)

–0.007
(0.007)
–0.062**
(0.027)
0.238
(0.162)
–0.034**
(0.016)

Constant

–0.021
(0.116)

–0.011*
(0.006)

–0.399***
(0.148)

–0.001
(0.010)
–0.065**
(0.027)
0.181
(0.230)
–0.031**
(0.015)
0.129
(0.116)
–0.403***
(0.149)

Tot Eda_11

0.807***
(0.315)
236
62
0.35
–
–

1.044***
(0.295)
174
62
–
–
0.29

1.672*
(1.073)
236
62
–
0.93
0.48

1.659
(1.878)
236
62
–
0.99
0.52

Imf_1
Polcon_1
Debtcon_1
Gdpcon_1
Edasq_1

Observations
Number of countries
R2
Sargan/Hansen p-value
AR(2) p-value

Source: Authors’ calculations. See Appendix Table A4 for the sources of variables used in
the estimations.
Notes: Standard errors in parentheses. *Signiﬁcant at 10 percent; ** signiﬁcant at 5
percent; *** signiﬁcant at 1 percent.
Eda and Debt are expressed as a share of GDP. OLS and the level equations in the twostep system GMM include regional dummies (Asia, Ssa, Hipc, and Latin America). All
regressions include time dummies.
1
The coefﬁcient of Tot Eda reﬂects the total impact of Eda on the growth rate of per capita
GDP.

Table A3. Availability of Four-Year Averaged Data for Each Country
ID Country

Code

Number of
Observations

1
2
3
4
5
6
7
8
9
10

DZA
BGD
BLZ
BEN
BOL
BWA
BFA
BDI
CMR
CAF

4
4
3
4
4
4
4
4
4
4

Algeria
Bangladesh
Belize
Benin
Bolivia
Botswana
Burkina Faso
Burundi
Cameroon
Central African Rep.

ID Country

Code

Number of
Observations

32
33
34
35
36
37
38
39
40
41

MDG
MWI
MYS
MLI
MRT
MUS
MAR
NPL
NIC
NER

4
4
4
4
3
4
4
4
4
4

Madagascar
Malawi
Malaysia
Mali
Mauritania
Mauritius
Morocco
Nepal
Nicaragua
Niger
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Table A3 (concluded )
ID Country

Code

Number of
Observations

11
12
13

China
Comoros
Costa Rica

CHN
COM
CRI

3
4
4

14
15
16
17
18
19
20
21
22
23

Dominican Republic
Ecuador
Egypt
El Salvador
Ethiopia
Fiji
Gambia, The
Ghana
Guatemala
Guinea

DOM
ECU
EGY
SLV
ETH
FJI
GMB
GHA
GTM
GIN

4
4
4
4
4
4
4
4
4
4

24

Guyana

GUY

3

25
26
27

Haiti
Honduras
India

HTI
HND
IND

4
4
4

28
29
30
31

Indonesia
Jamaica
Kenya
Lesotho

IDN
JAM
KEN
LSO

4
4
4
4

ID Country

Code

Number of
Observations

42 Pakistan
43 Panama
44 Papua New
Guinea
45 Paraguay
46 Peru
47 Philippines
48 Rwanda
49 Senegal
50 Seychelles
51 Sierra Leone
52 Sri Lanka
53 St. Lucia
54 St. Vincent &
Grens.
55 Syrian Arab
Republic
56 Thailand
57 Togo
58 Trinidad and
Tobago
59 Tunisia
60 Uganda
61 Zambia
62 Zimbabwe

PAK
PAN
PNG

4
4
4

PRY
PER
PHL
RWA
SEN
SYC
SLE
LKA
LCA
VCT

4
4
4
3
4
3
4
4
3
3

SYR

4

THA
TGO
TTO

4
4
3

TUN
UGA
ZMB
ZWE

4
3
3
3

Notes: The numbers in the table indicate the number of periods for which countries have
all the observations used in the analysis. Total number of periods is ﬁve; however, one period is
lost owing to the use of the ﬁrst lags of the variables in the analysis. Total number of
observations is 236.

Table A4. Description of Variables

Variable Name

Deﬁnition

Per capita real
GDP

Real per capita gross
domestic product in 1996
constant US$ (thousands)
Log difference of Pcgdp

Per capita GDP
growth
Population
Real GDP

Population in thousands
of people (POP)
Real gross domestic
product in 1996 constant
US$ (millions). Computed
multiplying Pcgdp by Pop

Source

Variable
Variable
Codes in the Codes in
Main Source the Tables
RGDPCH

Authors’
calculation
PWT (6.1)
Authors’
calculation

_
POP

Pcgdp

Dpcgdp
Pop

_

Rgdppwt
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Table A4 (continued)
Variable
Variable
Codes in the Codes in
Main Source the Tables

Variable Name

Deﬁnition

Source

Log of initial per
capita GDP

Natural log of the ﬁrst
year’s per capita GDP
(RGDPPCH) in the
four-year period
Price index (base 1996)
for the unit value of the
world imports

Authors’
calculation

_

Lningdp

IMF
International
Financial
Statistics (IFS)
Chang, Arias,
and Servén
(1999)

_

Unimpva96

Unit import
price index

Effective
development
assistance as
share of GDP

Grants

Loans

Total ofﬁcial
developmental
assistance as a
share of GDP
Concessionality
Policy index

Present value
of debt as share
of GDP

Interaction of
concessionality
and policy index
Interaction of
concessionality
and present value
of debt as a share
of GDP
Interaction of
concessionality
and per capita
GDP

Present value of total
effective development
assistance in millions
of current US$ (EDA)
deﬂated using 1996 unit
import price index from
IFS and divided by real
GDP (Rgdppwt)
Total grants in millions of
current US$(Grants)
deﬂated using 1996 unit
import price index from IFS
Present value of total
loans in millions current
US$ (Loans) deﬂated
using 1996 unit import
price index from IFS
Sum of Grants96 and
Loans96 divided by
real GDP (Rgdppwt)
Eda divided by Tda
World Bank’s country
policy and institutional
assessment index (CPIA)
Present value of debt in
current $US, source:
Global Finance
Development; GDP in
current $US; source, World
Economic Outlook database
Concessionality
times Cpia

EDA

Eda

Chang, Arias,
Grants
and Servén (1999)

Grants96

Chang, Arias,
and Servén
(1999)

Loans96

Loans

Authors’
calculation

_

Tda

Authors’
calculation
World Bank
(conﬁdential)

_

Conc

CPIA

Cpia

Authors’
calculation

_

Debt

Authors’
calculation

_

Polcon

Concessionality
times Debt

Authors’
calculation

_

Debtcon

Concessionality
times Pcgdp/1000

Authors’
calculation

_

Gdpcon
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Table A4 (concluded)

Variable Name

Deﬁnition

Source

Variable
Variable
Codes in the Codes in
Main Source the Tables

Openness

Exports plus imports
as a share of real GDP
(OPENK)
Life expectancy at
birth (total years)
Terms of trade index
for goods and services,
based on 1996 prices (TT)
Dummy for civil war;
1 for war, zero
otherwise. Calculated
using start and end
year of the civil war
in JCR_EWARD data
Dummy for IMF
program (1 if there is
an IMF program)

PWT (6.1)

OPENK

Open

WDI

SPDYN
LE00IN
TT

Lifexp

Yrend
warstds

War

Life expectancy
TOT

Civil War

IMF program

WEO

Doyle and
Sambanis (2000);
World Bank

IMF and authors’
calculation

–

Tot

Imf

Table A5. Summary Statistics
Variable
Ingdp
Pcgdp_1
Dpcgdp
Eda_1
Tda_1
Conc_1
Cpia_1
Debt_1
Open_1
Tot_1
Lifexp_1
War_1
Imf_1
Debtcon_1
Polcon_1
Gdpcon_1

N

Min

Max

Mean

Median

SD

236
236
236
236
236
236
236
236
236
236
236
236
236
236
236
236

447
551
–0.09
0.00
0.00
0.05
1.07
0.01
0.08
0.31
0.35
0.00
0.00
0.00
0.15
0.29

11133
10278
0.10
0.07
0.12
0.89
4.85
0.58
1.68
5.16
0.75
1.00
1.00
0.31
2.64
3.48

2798
2714
0.01
0.02
0.03
0.45
2.82
0.16
0.64
1.14
0.57
0.18
0.48
0.07
1.24
1.02

2365
2351
0.01
0.01
0.02
0.47
2.83
0.14
0.54
1.03
0.57
0.00
0.50
0.05
1.21
0.82

1966
1838
0.03
0.01
0.02
0.18
0.64
0.11
0.34
0.45
0.09
0.36
0.43
0.05
0.54
0.64

Source: Authors’ calculations. See Appendix Table A4 for the deﬁnitions and the sources
of the variables.
Notes: Eda, Debt, and Tda are expressed as a share of GDP. Tda refers to the sum of loans
and grants. Lifexp is in hundreds. SD=standard deviation.
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Table A6. Correlation Coefﬁcients
Ingdp

Pcgdp

Eda

Tda

Conc

Cpia

Debt

Open

Tot

Lifexp

War

Imf

Debtcon

Polcon

Gdpcon

1
0.19*
0.11*
–0.19*
–0.24*
–0.04
0.34*
–0.11*
0.14*
–0.13*
0.32*
0.01
–0.09
–0.11*
0.09
0.14*

1
0.93*
–0.49*
–0.40*
–0.63*
0.26*
0.19*
0.49*
–0.20*
0.80*
–0.07
–0.25*
–0.19*
–0.50*
0.59*

1
–0.44*
–0.35*
–0.61*
0.25*
0.18*
0.47*
–0.13*
0.73*
–0.09
–0.25*
–0.19*
–0.49*
0.55*

1
0.93*
0.66*
–0.12*
0.18*
0.16*
0.02
–0.47*
–0.17*
0.14*
0.61*
0.60*
0.03

1
0.46*
–0.12*
0.37*
0.26*
0.06
–0.36*
–0.21*
0.21*
0.67*
0.42*
0.00

1
–0.23*
–0.28*
–0.13*
0
–0.56*
0.03
0.06
0.32*
0.85*
0.17*

1
–0.03
0.24*
–0.01
0.32*
–0.15*
0.08
–0.15*
0.26*
0.06

1
0.26*
0.08
0.24*
–0.16*
0.28*
0.74*
–0.27*
0.00

1
–0.05
0.36*
–0.31*
–0.15*
0.18*
–0.01
0.50*

1
–0.19*
–0.04
0.00
0.00
0.00
–0.23*

1
0
–0.07
–0.10*
–0.39*
0.44*

1
0.11*
–0.12*
–0.04
–0.06

1
0.27*
0.13*
–0.25*

1
0.25*
0.13*

1
0.18

1

Source: Authors’ calculations. See Appendix Table A4 for the sources of variables used in the estimations.
Notes: Eda, Debt, and Tda are expressed as a share of GDP. Tda refers to the sum of loans and grants. *Signiﬁcant at 10 percent.
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Dgdp
Ingdp
Pcgdp
Eda
Tda
Conc
Cpia
Debt
Open
Tot
Lifexp
War
Imf
Debtcon
Polcon
Gdpcon

Dgdp
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Choosing Among Alternative Measures
MICK SILVER
This paper provides an overview of statistical measurement issues relating to
alternative measures of core inﬂation and the criteria for choosing among them.
The approaches to measurement considered include exclusion-based methods,
limited inﬂuence estimators, reweighting, and economic modeling. Criteria for
judging which approach to use include credibility, control, deviations from a
smoothed reference series, volatility, predictive ability, causality and cointegration tests, and correlation with money supply. The extensive number of
measures, criteria by which their appropriateness is assessed, and lack of
consistency in the results of country studies argue for a data-driven approach.
[JEL C43, E31, E52]
IMF Staff Papers (2007) 54, 163–190. doi:10.1057/palgrave.imfsp.9450006

C

ountries that adopt inﬂation targeting require a credible, timely
measure of inﬂation to target, and the consumer price index (CPI) is
usually adopted for this purpose. Because the price changes of some
components of the CPI, including food and vegetables (because of weather
conditions) and energy (because of supply shocks), are particularly volatile,
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these components are usually excluded from the target. Indirect taxes and
interest (mortgage) payments may also be excluded because the former are
erratic one-off changes and the latter are a tool of, and therefore should not
be a goal of, monetary authorities. Such resulting ‘‘core inﬂation’’ measures
are used for inﬂation targeting, though it is not always clear which
components should be excluded.
Inﬂation targeting beneﬁts from the use of a credible target measure, and
the CPI itself may be used as an inﬂation target if the exclusion of product
groups is likely to be perceived as undue manipulation of the target. Core
inﬂation measures may also be used by the monetary authorities as
operational guides for analytical and forecasting purposes with respect to
achieving the target. In this context, a wider range of core inﬂation measures
can be used for different purposes and their degree of complexity increased.
Our concern would no longer be solely with an appropriate target measure,
which may be the CPI or a core inﬂation measure, but with a suite of
operational measures of core inﬂation to be used to better target CPI
inﬂation.
The paper outlines some practical issues regarding CPI measurement to
provide a context to the discussions on core inﬂation measurement. This
takes us to the main purpose of the paper, which is to ﬁrst outline the
range of methods available. Although exclusion-based measures are often
used as target and/or operational measures of core inﬂation, there are many
alternative approaches that can provide quite different results. Furthermore,
the same approach can generally be implemented in different ways and again,
this can lead to quite different results. Heath, Roberts, and Bulman (2004),
after putting aside the less-likely measures, consider 102 measures of core
inﬂation using Australian data.
Because the choice of method matters empirically, there is the second
need to choose between the alternative methods. This in turn requires criteria
by which different methods can be chosen. The problem with choosing core
inﬂation measures arises not just from the extensive range of possible
methods but also from the extensive range of criteria by which measures can
be judged to be appropriate. This paper outlines criteria for judging which
core inﬂation measures are the best. There are also a good number of
empirical studies to draw on, but they vary according to the country, time
period, criteria for selection adopted, and measures considered. Even after
taking such variations into account, no unanimity as to the best measures
emerges, with conclusions changing even for subperiods of the same country
study.
The emerging consensus and, indeed, practice is to use more than one
measure for operational purposes (see Roger, 2000; Heath, Roberts, and
Bulman, 2004; and Mankikar and Paisley, 2004). If the resulting measures
give similar results, then they should give conﬁdence to the monetary
authorities in making decisions based on such measures. If they do not,
differences in the nature of the measures used should, by construction, allow
for insights into the inﬂationary process.
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It is argued in this paper that the evaluation should, where possible, be
data driven, that is, be evaluated using country data and objective,
transparent criteria. The empirical studies clearly show that methods
suitable in one country cannot necessarily be carried over to other countries.
I. The CPI: Practical Considerations
Successful inﬂation targeting requires conﬁdence that the monetary
authorities can achieve the target (range) and conﬁdence that the target is
a meaningful measure. To be effective, the index should be one that the
public is familiar with. The CPI has the requisite high public proﬁle, and thus
its prevalence as a target. Bloem, Armknecht, and Zieschang (2002) provide
not only an outline of, but also a case for, alternative indices as the basis for
core inﬂation measure.
Attention should be given to the institutional arrangements regarding the
production of core inﬂation measures. To be effective in anchoring inﬂation,
the target index must be credible, and credibility is derived not just from the
quality and suitability of the measures, but also from the transparency of the
source data and compilation methods and the credibility of the agency
concerned. Generally, an autonomous statistical agency is best placed to
fulﬁll this function, but the central bank has a major role to play in the
development of these measures because their use is for monetary policy
purposes.
Core inﬂation measures are derived from CPI data, and errors and bias in
CPI data may well pass on to core inﬂation measures. An understanding of
sources of errors and bias in the CPI, outlined in Greenlees and Balk (2004),
is important to the successful use of core inﬂation measures.
Roger (2000) argues a second reason that CPI measurement methods
have an impact on the measurement of core inﬂation. Some of the measures
and tests as to which measure is best rely on a characterization of core
inﬂation given in Equation (2) below, whereby shocks are random and
normally distributed. Shocks affect relative prices, but in the long run they
are held to be accommodated by ﬂexible price setting and consumer
substitution toward (away from) products with below (above) average price
changes. However, the formulas used for price indices use a ﬁxed basket, and
the substitution effects are not accounted for in the measure. Furthermore,
the coverage of the CPI may not include all goods and services, and so the
full balancing act may not be revealed.
II. The Methods
The methods can be grouped into those suitable for policy assessment, that
is, those designed to strip away the noise to identify the signal, and those
formulated to predict inﬂation. There is, of course, something in stripping
away noise that makes us better placed to predict, and something in devising
a method for prediction that requires the noise to be stripped away. But it
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will be apparent from the measures outlined in this section and the criteria/
tests for choice of measure in Section III that these needs are quite distinct.
Policy Assessment
 Exclusion-based methods
Product groups
Indirect taxes
One-off shocks
Domestically generated inﬂation
Imputation methods
 Trend estimates
 Limited inﬂuence estimators
Median
Trimmed means—symmetric and asymmetric
Prediction
 Reweighting the CPI
Persistence weights
Volatility weights
First principal component
 Economic models
.
We deﬁne the CPI, pt, as a weighted mean of price changes, pti , for product
group i, from a price reference period 0 to the current period t, and the
weights, wbi , are normalized, relative expenditures in some period b, prior to
period 0:
pt ¼

X
i

wbi

pti X b . t
¼
wi pi :
p0i
i

(1Þ

.
In practice, the pti are generally unweighted elementary aggregate indices
for a product group/outlet type/region stratum derived from matched price
comparisons for similar items.
We initially characterize CPI inﬂation, pt, as core inﬂation, pt , plus a
temporary disturbance, nt; that is,
pt ¼ pt þ vt ;

(2Þ

where nt is random and normally distributed. Implicit in the concept of core
inﬂation is that transitory relative price shocks should not be allowed to
inﬂuence core inﬂation. This is because, in theory, prices are expected to be
fully anticipated and be ‘‘accommodated’’ by relative price and quantity
changes. The shock should not inﬂuence mean inﬂation. The characterization
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of nt in Equation (2), as normally distributed, will be reviewed later in
Sections II and III in light of empirical evidence of non-normal price change
distributions. Given this concern with this characterization of nt as normally
distributed, it is reasonable to ask why it is phrased as such up front in this
paper. This is because there is much in the way that shocks are understood,
measures currently used are justiﬁed, and criteria are applied for the selection
of measures (particularly the test approach in Section III) that rely on this
characterization. It is adopted here and relaxed later.
Measures of core inﬂation are thus required to separate the signal of
inﬂation from the temporary noise or volatility—what Cecchetti (1997) refers
to as the ‘‘transitory phenomenon’’ that should not affect policymakers’
actions.
Core inﬂation measures should not be subject to seasonal ﬂuctuations.
Twelve-month rates compare the price level in a month with that in the same
month in the preceding year, which may be sufﬁcient to remove seasonality.
Also, there may well be an interest in month-on-month changes for which
core inﬂation measures may be seasonally adjusted (Fenwick, 2004). For
transparency, seasonal factors can be derived from the publicly available X12
program developed by the U.S. Bureau of the Census, although see Diewert
(1999) for a moving-year centered index number approach.
Cecchetti (1997) ﬁnds that the extent of seasonal variation is quite
substantial over subperiods of his study and that core inﬂation measures
cannot be relied on to remove seasonality. He ﬁnds a marked increase in
seasonality when food and energy (F&E) are excluded.
We now consider methods suitable for policy assessment.
Exclusion-Based Methods
Exclusion-based methods exclude component price indices of a CPI that are
considered to be particularly volatile. An exclusion-based CPI is easy to
understand, timely, and transparent in that the user can replicate the
measure. Exclusion-based methods are often used by countries when they
ﬁrst instigate inﬂation targets. Usual exclusions are F&E, argued on the basis
of their undue volatility. Indirect taxes and (mortgage) interest payments are
also generally excluded on the grounds that they are erratic and endogenous
to monetary policy-making. The adoption of such standard exclusions has
the advantage that the authorities are less likely to be perceived as
manipulating the target.
Exclusion-based measures beneﬁt from the fact that when more than one
is used, say, excluding food and excluding F&E, the difference between the
measures provides analytical insights into the inﬂationary process with
regard to identifying the effect on inﬂation of the excluded sector(s), energy
in this case. Volatile products are usually taken to be F&E, but studies have
found that the inclusion of certain food items, such as fresh fruit and
vegetables, and energy items, such as gasoline, makes the CPI more volatile
(Cecchetti, 1997). In some countries, all food is excluded when only some
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(seasonal) components of food are more volatile (Cutler, 2001). If the
exclusion is on the grounds of volatility, empirical work should be
undertaken to ensure that such volatility exists, has had some longevity,
and preferably has an economic rationale for its continued existence.
The criteria for exclusion should be transparent. For Canada, for
example, the eight most volatile components were selected on the basis of
historical data and, along with indirect taxes, excluded (Macklem, 2001).
These excluded items were fruit, vegetables, gasoline, fuel oil, natural gas,
intercity transportation, tobacco, and mortgage interest costs. Their price
changes were found to be more than one-and-a-half standard deviations from
the mean in at least 25 percent of the 12-month comparisons over a 15-year
period. Kearns (1998, Table B1) lists 105 components of the Australian CPI
and the number of times out of the past 70 price quarters that a price change
fell outside of the left- and right-hand tails of the distribution as deﬁned by
one, one-and-a-half, and two standard deviations from the mean. Such
analysis provides objective support to the case for excluding particular
product groups and preempts any challenge when exclusion is based on
the simply stated ground of ‘‘excess volatility’’ (see also Mankikar and
Paisley, 2004).
Issues of credibility may play a role in the decision to exclude
components. F&E may be very important components of consumer
expenditure, and, especially for developing countries, their exclusion may
detract from the credibility of the measure among poorer members of the
society, as argued for South Africa by Lehohla and Myburgh (2002).
Cutler (2001) notes that in phrasing the problem of separating the signal
and the noise, the noise is being deﬁned as sector speciﬁc and thus the
removal of noise as the removal of sectors. However, as considered by Balke
and Wynne (1996), there may well be shocks, owing to unusual weather, oil
prices, and exchange rate ﬂuctuations that feed through to a number of
sectors to different degrees.
Indirect tax and subsidy changes have a ﬁrst-round effect in proportion
to the degree to which they are immediately passed on. Hogan, Johnson, and
Laﬂèche (2001) show the merits of excluding the effects of both the
introduction of value-added tax in Canada in 1991 and the decline of
the tobacco tax in 1994. Cutler (2001) shows the importance of removing the
effect of a sharp change in local authority taxes in the United Kingdom. Ad
hoc adjustments to remove the effects of severe indirect tax (and subsidy)
changes may, however, diminish the credibility of the index. An alternative
and more acceptable procedure is to exclude all indirect taxes and subsidies.
However, the resulting ‘‘indirect tax/excluded index’’ is something of a
misnomer because it relies on the unlikely assumption that tax changes are
passed through immediately and on a one-for-one basis to consumer prices.
There may be second-round effects in which they feed through to wages and
the prices of other goods and services.
Interest rates are included in the CPIs of some countries as (real)
mortgage interest rates with regard to owner-occupied housing or part of
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Financial Intermediation Services Indirectly Measured. With their inclusion,
an increase in interest rates, for example, designed to lower the rate of
inﬂation, may contribute to inﬂation. In countries where there are doubts
about the credibility of the CPI and concerns over statistical ‘‘interference’’
with the target measure, there may be a case for including interest rate
payments in the core inﬂation measures, but generally they should be
excluded (see Rowlatt, 2001, for the United Kingdom).
Other major one-off or erratic shocks may be excluded. These should be
known to have a temporary effect on prices, say, because of abandoning
tariff barriers or changes in the terms of trade (Roger, 1998) and subsidies
(Garcı́a, 2002). Their ad hoc exclusion depends on the perceived conﬁdence
the public has in the monetary authorities.
Domestically generated inﬂation measures are useful when shocks arise
from erratic movements in the exchange rate. If traded goods are stripped
from the index, the resulting domestically generated inﬂation may erase the
ﬁrst-round effect of the temporary shocks. Mankikar and Paisley (2004) draw
attention to three such measures used by the Bank of England: the GDP
deﬂator excluding export prices, the Retail Prices Index excluding mortgage
interest payments (RPIX), and a measure based on unit labor costs. Their
trends are found to be quite different. Indeed, the method relies to a large
extent on how good the data are to allow such prices to be excluded. Such
measures are also useful because they focus on what can be argued to be
economic activity that can be more readily managed, being domestically
generated.
Imputation-based methods are argued on the basis that exclusion is the
same as zero weighting, which is effectively equivalent to allocating mean
price changes (with exclusions) to the weights of the excluded products
(Roger, 2000). If the purpose of the core inﬂation measure is to reduce
the level of noise that contaminates the signal, it must be recognized that
this is at the cost of the loss of information. The volatile product groups
contain their own noise and signal and in excluding them some of the latter
is lost. It is reasonable to ask whether the weights of excluded items might
be better apportioned to product groups likely to experience similar
‘‘uncontaminated’’ price changes, that is, to attempt to recover some of the
signal in the excluded product groups rather than implicitly assume that it is
the same as the overall mean change.
Trend Estimates
The use for core inﬂation of trend estimates, Tt, for each period t, from a
(say, multiplicative) decomposition of a CPI series, Yt, has an intuition with
regard to its ability to smooth a series. The very essence of the trend
component, Tt, is that it abstracts from Yt the seasonal, St, and irregular, It,
components in the model: Yt ¼ Tt St It. The ﬁrst step in such a
decomposition is in fact the estimation of Tt. Moving averages are mainly
used to estimate Tt in such decompositions, but reliable estimates are not
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available for the more recent time periods, which are of critical importance to
inﬂation targeting. For example, for a 36-month centered moving average
(CMA) trend, estimates for the ﬁrst and last 18 months cannot be computed
and would have to be extrapolated based on some model. This is a serious
deﬁciency of the method because it does not provide real-time estimates of
core inﬂation. Diewert (1999) proposes the use of a rolling 12-month average
index that, when centered, reduces the delay to 6 months. Regression-based
estimates of the trend can, however, be in real time, but they rely on
restrictions of parameter stability and functional form. The approach in
Section III of this paper is to use the smoothed trend estimates as a
retrospective reference series to choose between competing core inﬂation
measures on the basis of their deviations from it.
Limited Inﬂuence Estimators
.
The weighted median requires that price changes of expenditure group i, pti ,
are ﬁrst ranked, as are their associated expenditure weights, wbi , and related
cumulative normalized, relative expenditure weights, Cwbi . The (weighted)
.
median is the value of the middle pti such that half of the index’s weight is
above and half below its value. The median is the middle price change when
price changes are ranked according to expenditure share in order of
magnitude. It uses all the information in the data set in determining the
middle observation, but is unaffected by extreme values at either end of the
distribution. The computation of the median is timely and transparent with
regard to its replication, and both easy to compile and explain.
Trimmed symmetric means remove speciﬁed upper and lower tails of the
.
distribution of pti . For example, a 20 percent trimmed mean ﬁrst excludes 10
.
percent of the weight at the top and bottom of the pti ranking. The remaining
weights are normalized, and the weighted mean forms the measure. A
weighted median is an extreme form of a trimmed symmetric mean suffering
from the loss of much of the sector-speciﬁc signal information, though
gaining from being highly robust to shocks in many product groups. The
coverage of trimmed means varies from month to month. Trimming can be
used to identify from past data which product groups are most often
excluded. A constant product group exclusion-based index can then be
compiled.
Trimmed mean estimators are timely, transparent with regard to their
replication, and easy to compile. Trimmed mean estimators can be usefully
calculated at different levels of trim, there being a trade-off between the
ability of the measure to exclude extreme values—the median being most
effective in this respect—and the loss of information.
Trimmed means are not without problems. First, the nature of shock or
reason behind the extreme values needs to be identiﬁed. For example, as
Mankikar and Paisley (2004) note, the supply shock outbreak of foot-andmouth disease in 2001 in the United Kingdom led to large price increases for
beef that would be helpfully trimmed out, but the subsequent smaller
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readjustments over several months would not be trimmed out. An economy
experiencing a series of positive shocks in different sectors, with slow rates of
readjustment, would give rise to trimmed core inﬂation movements that
understated inﬂation. Central banks do not want to react to price
ﬂuctuations that will reverse themselves quickly. This implies that they
should remove both the ﬁrst- and second-round effects. Further, some
product groups have persistent, quite disparate price trends. For example, the
prices of electronic goods may be falling rapidly when overall inﬂation is
increasing. Trimming will remove such price trends wrongly identifying them
as persistent shocks, and overall trend inﬂation will be overstated.
Second, it is not just the level of trim that causes trimmed means to differ.
Trimmed means will vary according to the level of disaggregation at which
the trimming takes place. More disaggregated levels are generally preferred
subject to adequate sample sizes.
Third, a problem with trimmed means is that they have been found to be
systematically lower than CPI means, implying that they are doing more than
trimming random shocks (Kearns, 1998; and Cutler, 2001). Roger (2000)
points out that these lower values are in line with the empirical ﬁnding of
positive skewness of price changes and suggests trimming more of the righthand tail than that of the left. The skewness of country price changes should
be explored before using trimmed means.
Non-normality: Asymmetric and variable trimmed measures are used
when the price change distribution is found to be non-normal. There is an
extensive literature of ﬁndings of non-normal distributions of price
changes—leptokurtic and skewed to the right—referenced in Roger (2000,
pp. 5–6) and including Bryan and Cecchetti (1996); Silver and Ioannidis
(1996); Roger (1997 and 2000); Kearns (1998); Bakhshi and Yates (1999);
Cutler (2001); and Heath, Roberts, and Bulman (2004).
There are also reasons to expect a non-normal distribution of price
changes. First is the inability of ﬁxed weight CPIs to properly reﬂect the
random nature of the shocks characterized in Equation (2). Second, such a
characterization requires ﬂexible price setting. Roger (2000) argues that
asymmetries can be expected, especially in developing and transition
countries, where there might be more administered prices, trade
restrictiveness (which diminishes the elasticity of supply), deregulation and
privatization, and productivity differentials between industries (Balke and
Wynne, 1996). There is also an argument for price stickiness from search cost
theory, which predicts an equilibrium outcome of price dispersion (Burdett
and Judd, 1983). Products differentiated by brand and features, irregularly
purchased products, and product pricing under high inﬂation may all be
subject to high search costs and inﬂexible pricing (Sorensen, 2000; and Lach,
2002).
The non-normality of price change distributions has implications for core
inﬂation measurement. The sample mean is the most efﬁcient estimator of the
population mean if the distribution is normal, but for even a small departure
from normality the sample median is a much more efﬁcient estimator of both
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the population mean and median. Roger (2000, pp. 34–5) demonstrates this
relative efﬁciency of the median over the mean when the distribution is
leptokurtic and, more speciﬁcally, fat tailed. The median is an extreme form
of a trimmed mean and it follows that trimmed means are also more efﬁcient
estimators than means for non-normal distributions.
For price change distributions skewed to the right, symmetric trimmed
means and medians will be biased against a target symmetric arithmetic mean
inﬂation rate. Since the cause of such price changes is considered to be
administrative ‘‘pent-up’’ price changes, as opposed to shock, our concern
here is to preserve such information because it is part of measured inﬂation
and not to have the trimming throw it out as if it were (normally distributed)
noise. This requires that the trimming be less harsh on the right-hand side.
One way to correct for this bias, following Roger (1997 and 2000), is to not
center the trim on the 50th percentile, but to center it on the mean percentile.
First, the price changes are ordered (taking account of their weights) into
percentiles. Second, the weighted arithmetic mean of all the data is
calculated. The mean percentile is the value of the price change of the
percentile class in which the mean falls. For a normal distribution, the mean
is the value of the observation that corresponds to the 50th percentile. For a
positively skewed distribution, the mean will be pulled upward.
Roger (1997) ﬁnds for New Zealand data that the 57th percentile is a
more appropriate mean percentile. Thus, the median (50th percentile) would
understate trend inﬂation, whereas the 57th percentile would correct for the
bias and retain the advantages of the median as a measure of core inﬂation.
The appropriate mean percentile should be derived on the basis of country
data; Kearns (1998) ﬁnds the most appropriate percentile to be the 51st and
Mrázek (2006) the 67th for Australian and Czech data.
We have noted that if there is skewness, symmetric trimmed means and
medians will be biased against a target symmetric arithmetic mean inﬂation
rate. A further approach is to continue with the biased measures, but to then
correct them using a simple rescaling method (Maria, 2004).
An alternative stance is to hold that the non-normality in the price
change distribution is the result of noise. The level of trim and central
percentile can then be selected as one that best removes the joint effects of
skewness and excess kurtosis, say, by recourse to the Jarque-Bera test statistic
(see Aucremanne, 2000; and Heath, Roberts, and Bulman, 2004). The least
trimming percentage corresponding to each central percentile for which the
Jarque-Bera statistic does not reject non-normality is chosen. The central
percentile for which the optimal trim rejects the least number of observations
is selected as the estimator. Where there are two or more such central
percentiles, the one with the lowest Jarque-Bera statistic is selected. The
Jarque-Bera w2(2) test is concerned with the rejection of a null hypothesis of
normality relating to the (symmetrically combined) differences owing to
skewness and kurtosis statistics. However, ﬁrst, it is not immediately
apparent why skewness and kurtosis should be considered equally. Second,
the test is one of whether the difference is over and above sampling errors
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rather than whether the difference is meaningful. Third, the level of trim from
this method will of course vary over time.
Volatility weights, unlike the median and trimmed mean, can include all
sectors but give less weight to those most volatile, on the grounds that the
concern of a core inﬂation measure should be to minimize volatility. A
volatility weighted index (also referred to as a ‘‘neo-Edgeworthian’’ index) is
given by the following equation:
n
P
i

1
t
volðpi Þ pi

n
P
i

;

(3Þ

1
volðpi Þ

where vol(pi) is an indicator of volatility; Diewert (1995) demonstrates that
the variance of price relatives is appropriate for this purpose. However,
Marques, Neves, and Sarmento (2000) use as volatility weights the standard
deviations of the deviations in inﬂation rates, that is,
sﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
X
2
t
volðpi Þ ¼ si ¼
½ðpti  pt Þ  ðpti  pt Þ ;
(4Þ
P

t

where ðpti  pt Þ ¼ ðpti  pt Þ=m and pti is the 12-month inﬂation rate for
t
i ¼ 1, y, n product categories
in t ¼ 1, y, m periods and pt is the mean of pti .
t
The period over which si is calculated will affect the result, and Heath,
Roberts, and Bulman (2004) consider a rolling 4-year period as well as the
full length of the series.
Such indices can also be double-weighted indices in that the volatility
weights are applied to the expenditure weights:
,
n
n
X
wi t X
wi
p
;
(5Þ
t i
si
sti
i
i
or can be unweighted with wi ¼ 1/n, as is implicit in Equation (3), though
because the target index will be weighted, there is little sense in excluding
such information from this measure. A product group with a very small
weight, but smooth price changes, should not be allowed to dominate a core
inﬂation series.
Principal components analysis for core inﬂation measurement was ﬁrst
proposed by Coimbra and Neves (1997), although this approach has been
explored and used by the Banco de Portugal as documented in a number of
studies including Machado and others (2001) and Maria (2004). So far, the
concern has been with regard to smoothing. Yet monetary authorities
responsible for targeting inﬂation also need to make policy on the basis of
expectations as to future inﬂation. Their need is to be led by information that
is durable, that is, useful in medium- and near-term inﬂation forecasting
(Blinder, 1997, p. 157). This is the ‘‘outlook’’ or ‘‘persistence’’ approach to
core inﬂation measurement.
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A number of such measures are considered below, in turn. It is, however,
worth pointing out that it is well established that forecast performance can be
improved by the combinations of forecasts from different models. Jacobson
and Karlsson (2004) use a Bayesian model for forecasting inﬂation, which
combines several methods and provides an indicator of the relative
effectiveness of each. However, the concern here is with the individual
characteristics of each prediction-based method.
Reweighting the CPI
Persistence weights give more weight to product groups considered best able
to forecast the target. Cutler (2001) uses a ﬁrst-order autoregressive (AR)
model:
þ eti ;
pti ¼ ai þ ri pt12
i

(6Þ

^i, are taken as an
where are the normalized, and the estimated ri, given by r
indicator of the persistence of inﬂation in each product group i. Product
^i are assigned a weight of zero. The persistencegroups with negative r
weighted index is given by the following equation:
P
^i pti
r
i2ri 40
P
:
(7Þ
^i
r
pti

i2ri 40

The index may be double weighted as in Equation (5) for similar reasons.
The estimated persistence weights may be changed each year using a rolledforward monthly data set. The need for a lengthy time series for the
estimate means that much of the data on which the estimates are based are
neither related to the period required for the predictions nor responsive to
changes.
Yet persistence weighting was found by Cutler (2001) to yield sensible
results in that it excluded volatile product groups such as seasonal food
items, but included nonseasonal food items on the grounds that they were
found to have information useful for prediction. Cutler found the
persistence-weighted index ranked third over a number of time horizons
when compared with seven exclusion-based indices in terms of their
predictive ability over and above inﬂation. When the predictive ability of
the persistence-weighted index was tested with the addition of further lags to
the one in Equation (6), it, along with two exclusion indices, proved to be
superior to the trimmed mean and weighted median indices. Yet the measure
has some shortcomings.
First, it is relatively complex. Second, there is much in the construction of
the index, such as changes in the type of products included and classiﬁcation
changes over the period in which weights are estimated, that may give rise to
unstable or biased coefﬁcients. Third, the deﬁnition of the dynamics of
^i in Equation (6) is quite restrictive.
persistence given by r
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Short-term prediction methods are suitable for one- or two-period-ahead
predictions. The time period over which it takes monetary policy to take
effect is usually considered as the medium term, say, 18 months. Yet there
may also be the need for short-term predictions and the Holt-Winters
exponential smoothing and the Box Jenkins approach (see Chatﬁeld and Yar,
1991; and Hyndman and others, 2005) are well-established methods in this
regard.
Economic Models
Estimated economic models beneﬁt from being grounded in theory. They
incorporate further economic variables, thus realizing a core inﬂation
measure from a multivariate setting, abstracting from (or conditioning on)
the effects of these other variables. They also make explicit the economic
drivers of core inﬂation so that the underlying process can be better
understood, as can departures from it. However, estimates of core inﬂation
will vary according to the economic model of the determinants of core
inﬂation and econometric issues regarding speciﬁcation, data, and
estimation, which in part require judgment as well as purely statistical
considerations.
Following Roger (1998), a simple model owing to Eckstein (1981)—
although see Parkin (1984)—provides a short-term aggregate supply curve
given by
pt ¼ pLR
tþ1 þ gðxtþ1 Þ þ et ;

(8Þ

where ptLR
þ 1 is the long-term trend inﬂation rate, g(xt þ 1) is a measure of
cyclical excess demand pressure, and et are the transient disturbances.
Inﬂation can be simply decomposed into core, long-term trend, cyclical, and
residual components. Core inﬂation, pt , is then
pt ¼ pLR
¼ pt  gðxt1 Þ  et :
t

(9Þ

Note that under this concept of core inﬂation, cyclical ﬂuctuations are
removed.
Quah and Vahey (1995), on the other hand, distinguish between two
types of shocks: those that can inﬂuence core inﬂation and those that have a
medium- to long-term effect on real output. They use a structural vector
autoregressive (SVAR) model for the United Kingdom. The view is that
disturbances are benign to output because an economy will adjust to their
effects in the medium or long run. However, if there are rigidities, then core
inﬂationary shocks will affect real output in the short run, but not in the
medium to long run. The identiﬁcation restriction in the SVAR estimator
allows the data to determine whether the economy quickly adjusts to these
core inﬂationary disturbances. Different identiﬁcation schemes from those
suggested by Quah and Vahey have been used. Folkertsma and Hubrich
(2000) compare ﬁve schemes using European data ﬁnding substantial
differences in the range of measurement error, but also express, for policy
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purposes, concern about the extent of the errors. Wynne (1999) criticizes the
approach on the grounds that each time the index is reestimated, it has to be
revised and that such measures are difﬁcult to communicate to the public.
The information set used in economic models need not be conﬁned to the
CPI. Bagliano, Golinelli, and Morana (2002), in a study of the euro area
(1979–2000), use series on inﬂation, money, output, and interest rates to
estimate a forward-looking measure of core inﬂation based on the long-term
(co-integrating) relationships between these variables. Mankiw and Reis
(2003) developed a framework for, and provide estimates for the United
States (1957 to 2001) of, a stability price index. The weights for the index are
derived as econometric estimates from a model that allows sectoral prices to
vary according to (1) their expenditure share, as is appropriate for a CPI,
(2) their sensitivity to business cycles, (3) their likelihood of experiencing
idiosyncratic shocks, and (4) the ﬂexibility of prices to respond to economic
conditions. The estimated weights are those that minimize the volatility in
the output gap—the variance of deviations of output from its natural level.
The weights used will provide an index that, if kept on target, will lead to the
greatest stability in economic activity. Included in the empirical work for the
United States is the level of nominal wages, a series that has of course zero
weight in the CPI, but is more cyclically sensitive than most other prices, and
has a large weight in the stability price index. If the aim is to target a measure
that aims at economic stability, the stability price index is shown to be
preferable to a CPI.
III. How to Choose Among Methods: Judging Which Is Best
Having outlined a number of measures and their variants and in doing so
having said something about their properties, relative merits, and how they
might best be implemented, we now turn to the choice among these measures.
With the variety of core inﬂation methods and their alternative
formulations, it is necessary to establish criteria by which countries can
choose among measures. A number of empirical country studies have been
undertaken involving the use of often different combinations of measures and
appraised according to often different criteria. A quite apparent conclusion is
that no consensus emerges from the studies. Moreover, even within a
country, different criteria suggest different methods and even then, when the
same criteria are used for a country, the optimal method chosen often
changes over time. Given this lack of consensus, it is proposed that the choice
of method should in part be data driven—tailor-made to the empirical
realities and needs of the countries. The approach is that each country should
examine its own data according to criteria useful to it. How to judge the best
method is the subject of this section.
It is recognized, however, that this data-driven approach may not always
be practical. The measures outlined above rely on CPI data, and in some
cases such data may be deemed to be unreliable by the monetary authorities.
The offense of an unreliable CPI will be compounded by then deriving core
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inﬂation measures based on bad CPI data. The concern in this case should be
to ﬁrst improve the CPI.
Credibility and General Considerations
The relative importance of these considerations to a large extent depends on
the purpose or needs of the central bank’s decision-making process. It is most
important, for example, that a core inﬂation measure used as an inﬂation
target be credible and timely, whereas more attention may be given to the
predictive power of a core inﬂation measure used to operationalize an
inﬂation targeting framework.
Roger (1998) argues that a core inﬂation measure should be





timely,
credible (veriﬁable by agents independent of the central bank),
easily understood by the public, and
not signiﬁcantly biased with respect to the targeted measure, which would
again harm its credibility.

In this regard, the selection of method may in part be based on the perceived
conﬁdence in the index. For example, stripping out F&E as volatile may be
perceived as ﬁxing the index. South Africa, in choosing between measures for
inﬂation targeting, emphasized the inclusion of items to which poorer
households are most sensitive, along with an increased rural coverage
(Iahohla and Myburgh, 2002). Transparency in methodology is also an
important ingredient in credibility, and the IMF’s Dissemination Standards
Bulletin Board, which includes the CPI, is important in this respect (San José,
Slack, and Sriram, 2002).
The agency responsible for constructing the CPI is also important to its
credibility as a target, and Schaechter, Stone, and Zelmer (2000) note the
need for the CPI and core inﬂation to be compiled by an independent agency,
typically the country’s statistical agency.
Commenting on Roger’s considerations, Wynne (1999) notes that a
measure of core inﬂation should also








be computable in real time;
be forward looking in some sense;
be robust and unbiased;
have a track record of some sort;
have some theoretical basis, ideally in monetary theory;
be familiar and understandable to the public; and
not be subject to revisions.

These are, of course, not absolute criteria, and different policymakers will
apply different priorities to each. There may well be, for example, a trade-off
between simplicity and bias. As noted in Section II, it is worth differentiating
between two broad purposes: measures used for deﬁning an inﬂation target for
policy assessment and measures to help predict and set policy to achieve an
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objective. In the ﬁrst case, credibility, understandability, familiarity,
transparency, the ability to compute in real time, and nonrevisability should
be heavily prioritized. Wynne (1999) emphasizes that these features are only
important to the extent that the central bank seeks to use a measure of
underlying inﬂation as an important part of its routine communications with
the public to explain policy decisions. In the second case, it would be important
for the series to be forward looking and/or provide analytical insights.
Against all of this, there are statistical criteria relating to how effective a
measure is in terms of properties, such as smoothing or prediction, that may
beneﬁcially relate to their use. The satisfaction of appropriate statistical
criteria can help ground the measures to the extent that objective criteria are
used in the selection.
Judging on the Basis of Control
Blinder (1997, p. 160) argues for the automatic exclusion of F&E:
It all depends on whether recent values of food and energy inﬂation help
forecast future core inﬂation. As a central banker, I always preferred to
view the inﬂation rate with its food and energy component removed as
our basic goal. But not because these components are extremely volatile.
The real reason was that the prices of food (really, food at home) and
energy are, for the most part, beyond the control of the central bank. The
Fed cannot do much about food and energy prices—except, of course, to
cause a recession deep enough to ensure that increases in these prices do
not lead to overall inﬂation. But the central bank can do something about
the rest of the price index—the part that comes out of the industrial core
of the economy, so to speak [author’s emphasis].

Porrado and Velasco (2002) take a similar stance with regard to the CPI
not being an appropriate measure because it includes nondomestically
produced goods and services. They argue that, because the CPI is affected by
exchange rate variations that the central bank has little control over,
responding to all CPI ﬂuctuations is an overreaction that destabilizes output.
Mankikar and Paisley (2004) discuss the domestically generated core
inﬂation measures used by the Bank of England in relation to this (see also
Section II).
Care has to be taken with such stances. On the one hand, they rightly
point to a control problem whereby the central bank is attempting to control
components of inﬂation over which it has little control. The argument is to
exclude them. On the other hand, a purpose of the inﬂation targeting
framework is to anchor inﬂation expectations, and such expectations apply
to a wider range of components that a central bank will have control over
(Hill, 2004).
Judging on the Basis of Deviations from a Reference Series
Countries can evaluate alternative methods, using past data in terms of the
deviations of the results from the methods, from a reference, long-term trend
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measure of inﬂation. The criterion used here is not one of predictive ability
but policy assessment in terms of adherence to a smoothed reference series.
Thus, if the reference index is taken to be a desired (retrospective) measure
of
0
core inﬂation, pt , and the measure of core inﬂation being assessed is pt, then
the best measure might be one that minimizes its root-mean-squared error
(RMSE):
sﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
PT
0
 2
t¼1 ðp t  pt Þ
;
(10Þ
T
or its mean absolute deviation (MAD):
PT
0

t¼1 jp t  pt j
:
(11Þ
T
Note the interplay between the outcome and the basis in Equations (10) and
(11) used for selecting the measure. If Equation (10) is the criterion for
choice, the mean will be a desirable measure of central tendency if there are
outliers. The intuition is that the least-squares estimator, in the process of
squaring the deviations from the mean, puts a high premium on extreme
deviations. As such, a desirable least-squares estimator has to be quite close
to the extreme value if it is to satisfy this criterion. Now consider an estimator
that seeks to minimize the sum of the absolute differences between it and the
observations. There is no longer a premium to be put on the measure of
central tendency being close to the outlier, and the median can be shown to
be the best estimator by this criterion. The mean is only robust to outliers if
the distribution is normal, where similar extreme values appear in both tails
of the distribution. Because a core inﬂation measure must function in a way
that strips away noise, then it is necessary to identify whether skewness is the
result of actual information, as in administered pent-up prices, or is to be
characterized as noise, as in Equation (2); such prior decisions will affect the
choice of criteria and measure selected. Further, we have to ask whether
getting it occasionally badly wrong in a month is something that they must
avoid, in which case they should use the RMSE, rather than the MAD, to
judge which measures to use. At the very least, Equations (10) and (11)
should both be used to see if such considerations matter.
Bryan and Cecchetti (1994 and 1996); Bryan, Cecchetti, and Wiggins
(1997); and Cecchetti (1997) use a 36-month CMA of actual inﬂation as the
reference series and the RMSE as a summary measure of the overall
deviations, although they comment that, in general, other summary measures
lead to similar conclusions. However, Bakhshi and Yates (1999) ﬁnd that the
MAD can provide different results from the RMSE.
The method relies on the suitability of the reference index, the (centered)
moving average. It suffers from the inability to provide estimates at the start
and end of the series; for example, for a 36-month moving average, trend
estimates for the ﬁrst and last 18 months are not provided. This is a serious
deﬁciency because it does not allow real-time estimates of core inﬂation,
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although Diewert (1999) advocates a moving year centered index average
that would lose 6 months’ data on either side. However, the CMA is used
here as a reference measure—as a means to consider the retrospective
performance of difference measures. To its credit, the CMA uses all the CPI
data, unlike limited-information estimators. The CMA approach is easy to
calculate and has an intuitive justiﬁcation and plausibility, especially when
calculated and graphed over noisy series. However, there have been a number
of criticisms of this use of smoothing to generate a reference series.
First, the method treats the ﬁrst and last 18 months as equally important
(Blinder, 1997). If we accept that we are interested in removing noise to better
the forecast future inﬂation rates, then an appropriate procedure is to give
more weight to components that better forecast the future.
Second, as Mankikar and Paisley (2004) point out, there is no economic
rationale for smoothness to be desirable. Economies can go through periods
of sharp ﬂuctuations in demand and supply that have longer-term effects
and, as discussed in Balke and Wynne (1996), these may result in varying
skewness of the distribution over time leading to ﬂuctuations in core inﬂation
(see also Marques, Neves, and Sarmento, 2000).
Third, Bakhshi and Yates (1999) ﬁnd that the results can depend on the
number of periods used in the averaging. Aucremanne (2000); Marques,
Neves, and Sarmento (2000); and Heath, Roberts, and Bulman (2004) ﬁnd
that the optimal trim chosen can be very sensitive to the smoothness of the
benchmark series chosen as well as the sample periods used in the calculation
of the RMSE and MAD statistics. However, if we accept a 36-period CMA
as a long-term benchmark, and if alternative moving averages, say, 24
months, give different results, this may be because they are more effective at
reﬂecting shorter-term trend movements, albeit at the cost of some increased
sensitivity to noise. Then the monetary authorities must decide on the
required balance between smoothness and time horizon.
Justifying the Exclusion of Product Groups on the Basis of Their Volatility
As noted above, exclusion-based measures are often justiﬁed on the ground
that some product groups are more volatile than others. There may be a
priori grounds to expect this, such as for seasonal items and energy.
Perceptions of volatility are not sufﬁcient grounds to exclude product groups.
There should be objective criteria applied to country data. Product groups
found to have experienced relatively high price change volatility, with
evidence of some longevity to the volatility—and further, with some
reasonable expectation that past patterns will continue into the future—
have grounds for their exclusion. It is then appropriate to ask whether the
source of the volatility is random shocks or price rigidities, such as irregular
administered price changes. The former should be excluded. The latter
should be included as part of appropriately measured price changes,
otherwise the core measure is likely to understate target inﬂation. A
separate index may, of course, be compiled for analytical purposes that
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exclude such changes to allow for the effects of the inclusion to be identiﬁed.
It is reasonable for exclusions to be data driven, and there are a number of
ways of doing this.
One approach is to use the standard deviation of the 12-month rate of
inﬂation for the CPI and then for the CPI excluding F&E. Cecchetti (1997),
using U.S. CPI-U data, ﬁnds the standard deviation to be 2.33 percent
(CPI-U) and 2.58 percent (CPI-U excluding F&E), respectively—F&E were
less volatile than other components. On the basis of these measures, F&E
should not be excluded from a U.S. CPI-U core inﬂation index.
Another approach is to consider volatility to be deviations from a longterm reference series—a 36-month moving average—as discussed above using
Equations (10) and (11). Cecchetti (1997) found the MSE (without the Root)
for 12-month (and other) price indices to be higher if F&E were included,
rather than excluded: 1.29 compared with 1.01, respectively. F&E are more
volatile by this measure than other components. Cutler (2001), for the United
Kingdom, ﬁnds on this basis that a series excluding F&E is a little smoother
than a series that includes it.
In all of this, it is necessary to consider the appropriate level of
disaggregation. Food, for example, if tested for volatility may indeed be less
volatile than other groups, but this may be so only because the food products
with less volatile price changes have been grouped at too high a level of
aggregation with products with nonvolatile price changes. Of course, the level
of detail will depend on the availability and reliability of data and the
importance of the product to household expenditure.
Blinder (1997, p. 160) is emphatic that if F&E are persistent in the sense
that recent values of F&E inﬂation help forecast future core inﬂation, then
we would ‘‘ysurely not want to take them out of the index. We clearly would
want to leave them in’’ [author’s emphasis]. This takes us to judging methods
on the basis of predictive ability. Note that the predictive models given in the
next section are concerned with predictive models of overall core inﬂation.
Such models may also be applied to data for different product groups and,
following Blinder (1997), be used to ascertain which product group contains
information to better predict its own, or aggregate, future values to be
included or excluded, for an exclusion-based index. However, the context of
the next section is the predictive ability of the overall CPI.
Judging on the Basis of Predictive Ability
First is a simple model to estimate regression models of CPI inﬂation on
different core inﬂation estimates, that is,
^t ¼ a þ bpt12 ;
p

(12Þ

and to calculate and compare RMSEs. Bryan and Cecchetti (1993), using
U.S. CPI-U 12-month inﬂation data for February 1967 to December 1979,
calculate RMSEs for forecasts beginning in January 1980 over future annual
periods of between 1 and 5 years. In all cases, the weighted median has a
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lower RMSE than the 15 percent trimmed mean, and the trimmed mean
a lower error than the CPI-U. For example, for forecasting over a time
horizon of 24 months, the RMSE for the CPI-U to predict itself is
63 percent of the mean price change in that forecast period, whereas that of
the median is 57 percent and the trimmed mean 61 percent. The core
measures are improvements on the CPI for predicting long-horizon CPI
inﬂation, but not substantially so, especially given the error margins
involved.
Second, Laﬂèche (1997) argues that prediction from an AR model should
be used to judge which series are selected, that is,
^ t ¼ ai þ
p

n
X

bj ptj ;

(13Þ

j¼1

 2 selected. Marques,
with the core inﬂation measures with the highest R
 2 is a measure of their relative
Neves, and Sarmento (2000) note that R
standing as opposed to their absolute standing and that the latter is what we
are interested in.
For a wider range of acceptable criteria for evaluating forecasts, see
Diebold and Mariano (1995). In favor of considering further criteria is the fact
that if the same ‘‘best’’ measures are found to arise from a number of criteria,
then they give more conﬁdence in their use; and if not, there are pertinent
questions to be asked as to why they differ, and insights to be gained.
Third, Jacobson and Karlsson (2004) propose the use of a Bayesian
average of forecasts of inﬂation and, although the work is based on 86
general economic indicators, the principles apply to using just core inﬂation
measures. They ﬁnd that combining forecasts from the 10 highest ranked
indicators produced forecasts with smaller RMSEs than using the forecasts
for the individual series.
As will be discussed below, corroboration of the core measures need not
just be by a ranking of such measures by their predictive power. The ﬁrst
hurdle should be a (Wald) statistical test to identify, for Equation (13),
whether the null hypothesis that the coefﬁcients in bj are jointly zero can be
rejected.
Fourth, an alternative formulation of Equation (13) is the predictive ability
of the core inﬂation measure over and above that of the current CPI, using
pt ¼ a0 þ

n
X
j¼1

a1j ptj þ

n
X

b1j ptj þ e1t :

(14Þ

j¼1

Pn
Positive values of
j ¼ 1b1j, for which the Wald test is statistically
signiﬁcant, demonstrate contributions in predictive power for lagged core
inﬂation over and above that of lagged inﬂation (Cutler, 2001).
Fifth, as will be discussed below, there is the issue of causality. It is, of
course, possible to predict the CPI from core inﬂation and to predict core
inﬂation from the CPI. We want the prediction of the CPI from core inﬂation
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to dominate. Marques, Neves, and Sarmento (2003) for U.S. data ﬁnd, in
testing Granger-causality, that a series that excludes F&E is a leading
indicator of inﬂation as opposed to a desired lagging one. They note that this
is not surprising given that energy and unprocessed food are also
intermediate inputs into goods and services, and they are thus likely to
affect ﬁnal prices in a future period.
Sixth, a statistical evaluation of the relationship between a core
inﬂation and headline inﬂation measure of the types outlined above,
and the tests to be outlined in the next section, cannot properly account
for the policy responses of the authorities to the core measure. The core
measure may appear, for example, to be a bad predictor of inﬂation only
because the authorities respond to, say, increases, by adopting policies to
reduce it.
The use of such tests as part of a strategy to evaluate the predictive ability
of alternative core inﬂation measures is one thing. However, a number of
writers have used a battery of such tests as the sole basis for choice. Thus,
only measures of core inﬂation that pass all the tests are considered suitable.
There is no distinction as to the extent of the volatility or predictive power of
the alternative measures. Furthermore, the nature of the tests has implicit in
them particular concepts of what core inﬂation should measure. For
example, Marques, Neves, and Sarmento (2003, p. 768) argue that core
inﬂation pt should not be evaluated on the grounds that it is a good predictor
of inﬂation, pt. They note,
By deﬁnition, a good predictor of future inﬂation must be able to account
for short-term movements on the price level, but this is exactly what we
cannot or should not expect from a core inﬂation indicator, as it is just a
summary measure of the long run characteristics of inﬂation.

We turn to the tests they propose.
Judging on the Basis of Tests
There are a number of formal statistical tests that their proponents argue a
good core inﬂation index should satisfy. Heath, Roberts, and Bulman (2004)
consider these following two tests, of unbiasedness and causality, of a
desirable measure of pt as essential.
Unbiasedness
Consider the following:
pt ¼ pt þ vt ;

(15Þ

where pt is CPI inﬂation, pt is trend inﬂation, and nt is a temporary
disturbance in period t. First, core inﬂation should be unbiased with respect
to pt and jointly b0 ¼ 0 and b1 ¼ 1 in the estimated equation
pt ¼ b0 þ b1 pt þ vt :

(16Þ
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Granger-Causality
Second, core inﬂation, pt , should Granger-cause the CPI, pt; past values of pt
contain useful information to predict pt beyond past values of pt; and further,
changes in the core precede temporarily changes in pt, and the converse is not
true. The required tests for stationary series would be to reject a joint null
hypothesis that b1j ¼ 0 for all j in Equation (17a), not reject a joint null
hypothesis that a2j ¼ 0 for all j in Equation (17b).
pt ¼ a10 þ

n
X

a1j ptj þ

j¼1

pt ¼ a20 þ

n
X

n
X

b1j ptj þ e1t ;

(17aÞ

b2j ptj þ e2t :

(17bÞ

j¼1

a2j ptj þ

j¼1

n
X
j¼1

The terms of the n lags can be determined by statistical criteria such as
the Schwarz-Bayesian criterion. In Equation (17a), pt is said to behave as an
attractor of pt in the sense that pt converges to pt in the long term. We learn
about the future path of pt by looking at pt . However, pt should not be an
attractor of pt as in Equation (17b).
An important ﬁnding on the choice of method on this basis is that the
conclusion may vary with the time period chosen. For example, Heath, Roberts,
and Bulman (2004) applied the Granger-causality tests to 102 measures of core
inﬂation for Australia in the period 1987:Q1 to 2003:Q4, ﬁnding that 89 of the
102 measures considered passed the test, though for the subperiod 1993:Q1 to
2003:Q4 none of the measures passed the tests. The authors note that this period
followed the implementation of an inﬂation-targeting regime (July 2000), and
during it inﬂation had been comparatively stable.
Co-Integration-Based Tests
Co-integrating regressions are widely used in economics to capture long-term
equilibrium relationships. There will, of course, be short-term dynamics in a
relationship, but these can be captured by an error-correction model. An
appropriate measure of core inﬂation is arguably one that does not have
long-term divergences from the CPI. Marques, Neves, and Sarmento (2000
and 2003) and Mankikar and Paisley (2004) use co-integration tests to choose
the most appropriate measure using data for Portugal, the United States, and
the United Kingdom, respectively; the ﬁndings vary across the countries
studied. The test approach requires some comment.
First are the causality conditions. Mankikar and Paisley (2004) note that
if the monetary authorities adopt policies to target CPI inﬂation successfully,
aside from unforeseeable noise, pt will behave as an attractor of pt in the
sense that pt converges to pt in the long run. If core inﬂation is, for example,
above the target CPI in one period, mechanisms are put into play to bring
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core inﬂation down toward the target in the next. This is quite different from
the conceptualization of the tests in Equations (17a) and (17b).
Second, the information derived in determining co-integrating relationships should, at ﬁrst sight, also prove useful for predictions rather than just
for tests. It might be expected that because error correction models incorporate both short-term ﬂuctuations and deviations from the co-integrated,
long-term equilibrium path in the forecasting model, they should prove more
accurate than, say, Box-Jenkins autoregressive integrated moving average
(ARIMA) models. This gives a sense of validity to the use of such tests.
However, Christoffersen and Diebold (1997) challenge the belief that the
imposition of co-integrating restrictions produces superior long-horizon
forecasts. They show that for the long horizon, using MSE criterion, even
univariate ARIMA forecasts are equally accurate. They argue that, in part,
the problem lies with the use of the MSE to evaluate forecasts. It is the
imposition of integration conditions that is helpful, something that ARIMA
models achieve through differencing.
Third, Heath, Roberts, and Bulman (2004) point to a problem regarding
the periods in which measures are tested against each other. The authors ﬁnd
that in low-inﬂation periods, the choice of method is less important.
Fourth, it must be borne in mind that what we have here are statistical
tests of desirable conditions. The tests are conditioned on the size of the data
and their properties and the ﬁt of the models. They are not measures of
how close convergence is over speciﬁc time horizons or the error margins
expected from such an exercise. They are conditions that core inﬂation
measures should satisfy and they are satisfactory in this sense. The tests have
in mind particular concepts of inﬂation. Equation (15) and the test based on
Equation (16), for example, implicitly identify the error structure to be
normal when empirical studies and theoretical frameworks identiﬁed
in Section II have argued that part of the signal may be skewed. Furthermore, the concept of equilibrium associated with the co-integration test may
be of a time span outside that of use to monetary authorities for policy
measures.
Judging on the Basis of Correlation with Money Supply
Bryan and Cecchetti (1993) consider a primary motivation of their study to
be ﬁnding a measure of core inﬂation correlated with monetary growth. They
test measures of core inﬂation in terms of the ability of monetary growth to
forecast the core inﬂation measures. Although some of the results are mixed,
depending on the time horizons and the measure of money supply used, the
weighted median is consistently better correlated than the 15 percent trimmed
mean. For measures of money supply M1 (money that can be spent
immediately including cash, checking accounts) and M2 (M1 plus most short
term savings accounts), the weighted median is better than excluding F&E,
though not for the monetary base as a measure of money supply. Grangercausality tests for M1 and M2 both ﬁnd changes in the money supply to
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Granger-cause core inﬂation as measured by the weighted median and 15
percent trimmed mean.
In models in which inﬂation is a purely monetary phenomenon and prices
are fully ﬂexible, shocks—such as changes in oil prices, tastes, or
technology—are instantaneously accommodated and aggregate price
inﬂation is unchanged. But as outlined in Section II, prices are not fully
ﬂexible and the CPI is not a satisfactory realization of any such process,
owing to its ﬁxed base and inability to properly incorporate all new products
and quality changes. The instability of the relationship between monetary
aggregates and inﬂationary pressure argues against judging methods on the
basis of correlations with money supply, as does a possible need to model the
endogeneity of monetary growth to shocks (Bryan and Cecchetti, 1994).
IV. Concluding Remarks
This paper has critically outlined the many measures of core inﬂation and,
moreover, the many approaches to judging the preferred measure(s). Choice
among measures is not a straightforward matter. Empirical research has
shown that different measures of core inﬂation yield different results, that is,
that choice of measure matters. Further, different approaches to the choice of
measure yield different results, and even for the same approach to choice, the
preferred measure may differ across countries and even within a country for
different time periods. Choice of measure should thus, in principle, be data
driven for each country.
What is apparent, however, is that a consensus has emerged and, for
reasons of maintaining credibility, there is a natural starting point for many
countries. First is the use of the CPI as the basis for the core inﬂation
measure as the most visible and credible measure to anchor inﬂation
expectations. Second is the widespread adoption of exclusion-based CPIs.
There is some commonality in the product groups excluded, and such
exclusions can thus be justiﬁed as not manipulating the ﬁgures. There may,
however, be great public sensitivity to the exclusion of items such as F&E.
With greater conﬁdence in the ability of the authorities to manipulate the
measure without losing credibility, however, the exclusions can be data
driven. In all of this, the credibility of the institution producing the CPI and
that of the institution issuing the core CPI will be a consideration.
There is a sense in which the above account is much more comforting
than the plethora of measures and adoption criteria, with their particular
pros and cons, discussed in Sections II and III. Yet these sections come into
their own in two respects. One is where the CPI or an exclusion-based CPI is
adopted as a credible basis on which to anchor inﬂation, and it is necessary
for the central bank to have further measures to operationalize the targeting
framework.
Another is that exclusion-based methods may be found to be not optimal
according to the criteria selected by the monetary authorities, and that the
credibility trade-off may have little resonance for the circumstances of the
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country. In such cases, the monetary authorities are well placed to select from
among the methods and the criteria for choice considered in this paper to
adapt their core inﬂation measure to their needs.
All of this should be data driven so that the methods adopted are tailored
to the features of the evolution of that country’s economy and the choice of
measures can be justiﬁed on an objective, transparent basis. Research is
required to establish an appropriate target measure and operationalizing measures in tandem with the targeting framework to provide a
suite of measures to enable the targeting process based on sound statistical
criteria.
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