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Abstract

Versions 6.1 and 6.2 of Penn World Tables (PWT) have essentially the same
methodology but report significantly different GDP—growth and level—numbers. The
revisions in these numbers in PWT6.2 are in part due to updated national income
accounts data, but are in part inherent in the PWT methodology, making it difficult to
determine which of the existing versions is “best.” The methodology renders data for
countries with relatively small total GDP and data distant from the current benchmark
year especially variable. We examine 13 leading studies of growth to check for
robustness across different versions of PWT. Table invariant results are common in
studies examining cross-sectional or very long run data; in contrast, results based on
higher frequency data are less likely to be robust in this sense, and annual data are
particularly problematic. We also find, surprisingly, that the PWT methodology also
leads to GDP estimates that are not truly at PPP prices except for the single year for
which international prices are collected. We propose an alternative way to use PWT data
that might be less prone to these problems of data variability and inadequately reflecting
PPP prices.
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1. Introduction

The Penn World Table (PWT) is the most widely used source of data for cross-
country income comparisons.? In particular, version 5.0 of these Tables, which was
published in 1991, represented a major step forward in data availability and helped spawn
a large empirical literature on growth and its determinants. Without doubt, the
economics profession has made substantial progress by paying close attention to the
pioneering work of Irving Kravis, Alan Heston, and Robert Summers.

But economists may not have been sufficiently attentive to the caveats and
warnings that were clearly attached to both the first version of the Penn World Table and
all subsequent versions. In particular, the Table clearly and unequivocally warned that
data quality was weak for many countries. But it turns out there is more to guard against
than just data quality. This paper draws attention to three consequences for the growth
data which is inherent to PWT methodology. First, we document that GDP data are
highly variable. Revisions to GDP growth rates are driven to a great extent by changes
made by the PWT to the underlying national income accounts (NIA) data. Revisions to
GDP levels and the purchasing power parities, in addition to being affected by changes to
underlying NIA data, are affected systematically by certain inherent features of the PWT

methodology. This variability is especially pronounced: at high frequency (annual data

are much more variable than longer averages); for small countries (i.e. countries with

small total GDP); and for historical data, so that the further the data are from the

benchmark year in the PWT, the more variable they are. To the extent that variability is

2 Roughly 2/3 of all cross-country empirical work is based on PWT. Second place is held by the
World Bank’s World Development Indicators, which were originally based on the Penn World
Tables, but which have subsequently diverged. The IMF’s World Economic Outlook dataset
places a distant third.



inherent to the methodology, it is difficult to know whether newer data are better for
estimates of GDP levels and growth.

Second, the variability of growth data has implications for the cross-country
growth literature. Results based on annual data prove to be less robust across versions of
the Tables than are results based on 10-year averages. And results based on long run
growth rates or levels turn out to be quite robust in our “Table Invariant” (i.e. robust
across PWT versions). The Table’s health warnings need to be taken seriously and
probably expanded upon, and this implies further robustness checks for all growth
studies. If this is done, the Penn World Table would become even more valuable.

Third, the PWT methodology raises a more basic question. The rationale for the
PWT is to come up with GDP level and growth data that are at common international (the
so-called purchasing power parity) prices so that the data are comparable across
countries. The methodology, however, leads to the construction of GDP estimates that are
not at common international prices. It turns out that these estimates are based on a
mixture of PPP and national prices, making it difficult to really compare across countries.

Is there a way to address problems of variability of data not being at truly PPP
prices? We propose an alternative way of using the PWT data that goes some way toward
addressing these problems.

This paper is organized as follows. Section 2 briefly reviews the background and
history. Section 3 depicts the variability of growth data and the underlying patterns to this
variability, focusing on versions 6.2 and 6.1 of the Table. In Section 4 we summarize
the results of our robustness/replication studies for leading growth studies. Section 5

illustrates the key aspects of the methodology used in the PWT that go toward



construction of the GDP data and help understand the reasons for data revisions. In
Section 6, we explain why not all PWT data fully reflect PPP prices. Section 7 describes
our proposal that addresses the problems with PWT methodology relating to data
variability and to data not being at PPP prices. Section 8 draws some conclusions,
including offering some practical suggestions for researchers. Technical Appendix 1
contains methodological details on the construction of the PWT data. Technical
Appendix 2 explains the theoretical reasons for the pattern in data revisions. Technical
Appendix 3 illustrates why the current PWT methodology leads to GDP level and growth

estimates that are not at international prices.

2. The Evolution of Penn World Table
Background

The Penn World Tables have reported on seven rounds of data, starting in 1970
(Table 1).2 The latest published version is 6.2, which was released in October 2006.* The
prior version was 6.1 and that was preceded by 5.6. These are the most commonly used
versions of the Table today, and it is on these that we focus our attention. However, it is
our understanding that the points made below also apply to other versions.

Conceptually, the approach adopted by the Table is straightforward. The
innovation and great contribution of the Table was of course to convert national measures
of income into internationally comparable PPP estimates. This is done — in principle — by

collecting prices for the same or similar goods in different countries, and deriving price

® Appendix Figure 1 shows the distribution of countries by the number of benchmark studies in
which they participated.
*Version 7.0 will be available in 2009, but the precise release date is not yet known.



indices that can be used to compare what people can actually buy. The price collection
operation is known as the International Comparison Programme/Project (ICP).° The
Table obtains local currency data from the national income accounts of countries. Then,
based on international price comparisons, it converts these local currency data into
Purchasing Power Parity (PPP)-based figures, which should be comparable across
countries. These are more appealing as the basis for comparisons than data based on
market exchange rates, which can fluctuate considerably and hide the real progress (or
lack thereof) in economic prosperity for a country’s inhabitants.

Each “generation” of the Table is based on a different round of the ICP, i.e., so
versions 5.6 and 6.1 use different prices. Each generation also uses updated estimates of
GDP and its components measured in domestic currency. Within a generation of the
Table, the ICP remains the same, e.g., this is the case for 6.2 and 6.1, but there are other

revisions — the nature of which varies.

Methodology Changes Over Time

The ICP is a massive undertaking, requiring a vast amount of resources — mostly
in terms of people’s time, but the computer resources, at least until recently, were also
significant. The only organizations that can sustain such an investment are government-

funded, and even international organizations, such as the UN, have a hard time coming

®The International Comparison Project began in 1968, although its antecedents date back to the
1950s. Irving Kravis was the first director; http://unstats.un.org/unsd/methods/icp/ipco_htm.htm.
In 1989 the “P” became Programme, rather than Project. International price comparisons have
been completed for 1970, 1975, 1980, 1985, 1990, 1996 and 2005.




up with all the money required.® A substantial amount of the needed investment has
come directly from governments.

As a result, control over the ICP has shifted over time. “After phase 111 [1975],
the role of the University of Pennsylvania, which had until then been the main engine of
the ICP, was gradually transformed into that of adviser on methodological issues.
Another notable change in ICP responsibility was the increasing role of the Statistical
Office of the European Communities (EUROSTAT). EUROSTAT, in fact, became not
only the organizer of the European Community comparison, but also, with its
experienced staff, it has provided substantial technical assistance to a number of regional
comparisons and to the work on establishing links among the various regions.”’

And as control has shifted, so have preferences regarding methodology both for
particular regions and for how these are aggregated to global estimates. The most
important change may have been regionalization: “In phase 1V [1980] and onward,
countries participated through regions or country groups; first regional (e.g., African,
OECD etc.) comparisons were carried out and then the world comparison was built up by

linking across these groups.” Deaton and Heston (2008) focus on problematic

® The Ford Foundation did provide critical early financial support through grants to the University
of Pennsylvania.
" Quotation is from http://unstats.un.org/unsd/methods/icp/ipco_htm.htm
® The pattern of support for the Tables has shifted over time. “For the most part, participating
countries have provided domestic resources for the data collection for ICP, while the Statistical
Division of the Department of Economic and Social Development of the United Nations
Secretariat, EUROSTAT, OECD and the Austrian Central Statistical Office, in its capacity as
organizer of the Eastern European comparison, have units concerned with ICP-type work. Early
sponsors of the ICP, such as the Ford Foundation and a consortium of contributing countries
organized by the World Bank, provided resources that allowed coordination of the benchmark
comparisons, particularly among developing countries. In phases IV and V, EUROSTAT became
the financial supporter of the African and Caribbean comparisons. In phase IV, the Inter-
American Development Bank (IADB) provided a major contribution to the Latin American
regional comparison; however, this effort was organized through a group of experts visiting
(continued)




methodological points, all of which arise because particular organizations control part of
the methods, and their concern suggests that the methodology changes significantly such
that it is harder to say if the Table are improving or not in their accuracy. But there are

other reasons to worry about this exact same issue.

3. Data Variability and Patterns

We chose to focus on the variability between PWT version 6.1 and 6.2. These
versions differ in four relatively small ways.’ Both versions are within the same
generation of the Table, and therefore have almost identical methodologies, and more
importantly, between these versions, there is no new ICP and hence no new international
price data.’® Despite these small changes, estimates of GDP levels and growth vary
substantially. The one substantive difference is that PWT 6.2 uses more “updated”
national income accounts data. Specifically, it is not that the current price national
income accounts data change across versions (indeed, the current price data are virtually

identical across versions), rather the PWT re-bases the constant price national income

countries and little experience was gained by country statistical offices, so that when IADB
support was unavailable in phase V, no Latin American regional comparisons took place. The
ESCAP regional comparison in phase V was assisted by the Government of Japan, the United
Nations Development Programme (UNDP), the World Bank, and the Asian Development Bank.”
http://unstats.un.org/unsd/methods/icp/ipc6_htm.htm

% There are new purchasing power parities for the OECD countries, 20 additional countries
(mainly transition economies), coverage was extended from 2000 to 2004, and the reference year
for calculation of the purchasing power parities has been moved from 1996 to 2000.

1% In addition, an important point emerges from a careful examination of the methodological
history of the Tables (e.g., Deaton and Heston, 2008). We usually think that a revised data series
is better than the original series, due to various kinds of corrections. But in the case of the Tables,
the methodology has not necessarily improved over time. There have been innovations, but some
of these happened for bureaucratic or even political reasons, as international organizations
became involved in the data collection, preparation, and presentation. As a result, it is not
reasonable to assume that one version of the Tables (e.g., the latest) is necessarily better than
other versions. This is another reason why results that hold in one version of the Tables, but not
other versions, should probably be viewed with greater skepticism.




accounts data which yields different level and growth estimates in national currency (we
discuss this in greater detail below).

Figure 1 illustrates that the 30-year average annual growth rates (1970-1999; the
available period for comparisons; see Table 15 for countries in sample) differ between
Penn World Table 6.2 and 6.1." The average difference in the growth rate (for the period
1970-1999) generated by the two versions is close to zero (0.1 percent). But the standard

deviation of the differences in growth is about 1.1 percent. This is quite substantial when
compared with the fact that the average growth rate (in 6.2) is 1.56 percent. Put
differently, growth is more than 1 percent per annum different in more than half the
countries and more than 2 percent different nearly a quarter of all cases. (To anticipate
our finding on proximate causes below, Figure 2 illustrates that there is also a great deal
of variation across versions in the calculated change in prices, measured in PPP terms.)
The first systematic pattern to variability—namely that it increases when the data
are at higher frequency—becomes evident when we compute the growth rate over one,
ten, and thirty-year periods. These are presented in the three panels of Figure 3 (where
the third panel is the same as Figure 1) with the same scale for the growth rates. It is
dramatically illustrated that growth computed on an annual horizon is considerably more
variable across versions than growth computed over 10 and 30-year horizons. For
example, the standard deviation of the growth rates across the two versions is 5.39
percent (relative to the average growth rate of 1.86 percent over that horizon) compared

with a standard deviation of 1.08 percent (relative to average growth of 1.51 percent) for

1 Figure 1 shows that for the sample for which there are data on real per capita PPP GDP in both
PWT6.1 and PWT 6.2, the magnitudes are broadly similar when we compare PWT6.2 with WDI
or with PWT5.6 (see Table 6) or with the WEO numbers (although the sample varies depending
on the comparison).



the 30-year horizon. The striking differences in this figure intuitively explain the results
we find later about the robustness of leading growth studies. Results based on annual
data prove to be less robust across versions of the Table than are results based on 10-year
or 30-year averages. Evidently, errors get averaged out over longer horizons.

Figure 4 shows some prominent cases of revisions in the GDP numbers across the
three latest PWT versions and this affects many of the narratives about growth. Consider
one such narrative. As an illustration of the severity of the data problem and associated
policy discussion for some low income countries, consider the very basic question of who
has done well and who has done badly, say over the past 25 years."

Table 2 shows the answer, looking at annual average growth rates between 1975
and 1999 just for African countries. Versions 6.1 and 6.2 agree that Botswana has done
best, and they also agree that Egypt, Cape Verde, Tunisia, and Lesotho are in the top 10.
But there are seven countries that appear on one list and not the other. While according
to version 6.2 Equatorial Guinea is the second best performer with 4% annual growth
rate, it is the worst performer with -2.7% annual growths according to version 6.1! The
disagreement is even more severe for the “worst performers.” Now the lists are almost
completely disjoint. There are a total of 10 countries that appear to have the slowest

growth according to one version but not according to the other version.*

12 This basic and important question was asked, for example, by the World Bank’s recent Spence
Commission. We reexamine their conclusions in a separate paper, currently under preparation.
3 More generally, do the leading alternative versions of growth data of the Tables agree on the
fastest growing countries around the world? For this we can compare “top 10” and “bottom 10”
in terms of growth performance according to versions 6.1 and 6.2 of the Tables, alongside growth
rates calculated from the IMF’s World Economic Outlook (WEO) and the World Bank’s World
Development Indicators (WDI). This is the subject of another paper, so we only mention the
highlights here. All four sources agree on seven of the fastest growing countries: South Korea,
China, Botswana, Thailand, Hong Kong, Ireland and Malaysia. But there are also seven countries
(continued)



A second pattern in the variability of growth estimates is one that the PWT has
always highlighted, namely data quality. The Table have always been quite transparent
about this data quality issue, and in fact they prominently assigned “Quality Grades” for
each country (e.g., to version 5.0 in 1991) — these grades are subjective assessments made
by the authors of the PWT, based on a number of factors described in the Technical
Appendix to PWT 6.1, pp.13-18. Figure 5 shows the breakdown of countries by their
Grades in version 6.1. Strikingly, only 32 countries received a grade of A or B. Grades
of C or D were received by 147 countries.

At first blush, these letter grades turn out to be meaningful, in the sense that they
point in the right direction with regard to what data do or do not change across versions
of the Table. For example, the left-hand panel in Figure 6 shows differences in 30-year
annual average growth rates (1970-1999) for countries with Data Quality Grades of A or
B. The right hand panel shows the same for countries with Grades of C or D. All the
major variation across versions of the Table occurs in the countries with lower grades.
The same comparison also holds across higher frequency growth data.

The quality grades are obviously informative, in the sense of “explaining” the
data variability across revisions. The PWT’s quality grading is part objective and part
subjective and is based on other criteria including the size of the country and the number
of benchmark studies that it has participated in. But is quality per se the cause or is

quality suggestive of something else?

that appear on at least one list but not on all lists. And even between the IMF and the World
Bank data there is disagreement on the exact ranking (and on whether Indonesia, Portugal and
Luxembourg make the cut). Again, there is more disagreement on the countries that have done
worst — probably because poorer performing countries tend to have less reliable data. Only five
countries appear on all four lists: Madagascar, Nicaragua, Togo, Venezuela, and Zambia.



Next, we examine the underlying causes of the revisions, by using simple OLS
regression analysis. It is worth noting that our aim is to provide some more structure to
the correlations presented in the figures above, rather than establishing a tight causal
relationship. In this spirit, we run regressions for three different and important variables
estimated by the PWT—the purchasing power parity prices, the level of PPP GDP, and
the growth rate of PPP GDP.

For reasons explained in greater detail below, we posit that there are four possible
factors that could cause revisions to the PWT estimates. First, PWT estimates could
change because the underlying NIA data—part of the inputs for the PWT system—
change. Second, even apart from changes in the underlying data, revisions could be
systematically related to the quality of the data. Third, the PWT grading is in part related
to the size of the country, so we explore whether size could play a role in data revisions.
Finally, revisions could be systematically related to time and history. We should note that
it is not the case that revisions to the Table change only more recent data. Appendix
Figure 2 shows that there are large revisions for the 1970s, the 1980s, and the 1990s,
looking at 10-year average annual growth rates. The variable we use to capture this is the
distance of the estimate from the benchmark year for the ICP.

Regressions for revisions to the PPPs, level of GDP and GDP growth are reported
in Tables 3-5 respectively. In Table 3, for example, the dependent variable is the absolute
value of the difference in log of international price between version 6.2 and version 6.1.*

We use two alternative measures for data quality: the first is the grading by PWT itself

% All the regressions are done at annual frequency but we have also replicated them at a decadal
and 25-year frequencies and obtained similar results with regards to coefficient signs and
significance levels. Consistent with Figure 3, when using higher frequency data the coefficient
magnitudes obtain considerably larger values for all regressors.

10



and we convert the 4 letter grades for data quality into an index, from 1 to 4, where 4 is
the best (“A”). The second measure is simply the number of ICP studies in which a
country has participated. For size, we use the log of a country’s gross domestic product.
Since the benchmark year for PWT 6.1 is 1996, our measure of time is the number of
decades from 1996 (with each year being 1/10™ of a decade; the observation for 1995 will
therefore be 0.1). We use the log of the absolute value of differences in the growth of
GDP (at constant domestic prices) as well as the log of the absolute value of differences
in the level of GDP (at constant prices) as our measures of changes in national income
accounts data.

Column 1 shows that a higher grade is negatively related to differences in the
data, which confirms that the PWT team knows their data well. Column 2 shows that if
there have been more ICP benchmark studies for a country, this also reduces the extent of
data revisions between versions 6.2 and 6.1 — again, no surprise. Log GDP (column 3)
has a similar effect, although of course this may be a proxy for data quality or the
existence of a benchmark study. These results are consistent with the quality grading as
advocated for years by the PWT researchers.

Perhaps more novel is the result in column 6. This shows that the further a
datapoint from the benchmark year, measured in absolute value of years from 1996, the
more likely is its data to change between versions 6.1 and 6.2, i.e., the coefficient is
positively signed. These results on the variability of the PPPs and their relationship to
country size (log total GDP) and distance are graphically represented in Figures 2 and 7,
respectively. Figure 7 is striking in depicting a funnel relationship between variability

and distance from benchmark year, particularly for countries with Grades C and D. Data

11



variability increases as the datapoint moves away from 1996 both forward and backward
in time. A key implication is that historical data in the PWT need to be viewed with
particular caution.

Table 4, which reports results for the level of GDP per capita, suggests that the
determinants of the revisions for GDP are similar to those for international prices (see
figures 7 and 8).%

In Table 5, however, we find a startling result. Each of the determinants is
significant on its own; but when they are all introduced together (column 7), the variable
relating to changes in national income accounts data trumps all other variables. In other
words, the revisions to PWT GDP growth rates are almost exclusively driven by the
updating of the NIA data. This is graphically illustrated when we plot the two revisions
(Figure 9). The simple correlation is 0.94.

We explore this result a little further. We find that there are very few revisions to
the current price NIA data. Indeed, when we add this variable to the growth regression in
Table 5, it has little explanatory power on its own and it does not affect the power of

other variables.

> Appendix Tables 1 and 2 and Appendix Figures 3 and 4 confirm the same broad pattern holds
across investment and consumption data also. The reason we show this relationship for
investment and consumption (specifically the shares of investment and consumption in GDP
measured at their respective PPP prices) is that these shares are crucial in the computation of
growth rates in the PWT (see the discussion in Technical Appendix 1 under “Step 3.”). Distance
from benchmark year has a consistently positive effect on the size of the data revision, although it
is a bit less marked for consumption than investment, and this effect is larger for countries with
lower quality data.

12



4. Replication Exercises for the Cross-Country Growth Literature

The size of these revisions to data between versions of the Table is surprising and
the pattern to the revisions is interesting, but do they matter? To assess this we turn now
to examine some of the most prominent studies in the growth that have used the Table.

Most papers in the empirical growth literature use as dependent variable either the
level of real per capita GDP, in PPP terms, or the growth rate in the same. Some papers
use the level of income or growth rates as a right-hand side, control variable. Given the
considerable variation in the data on growth rates (and levels) and the fact that there is no
one “best” set of Penn World Table to use, a natural question is which results in the

literature are robust to changing versions of the Table.

Criteria for Considering Papers

We have examined many of the leading papers in the growth literature based on
Penn World Table 5.6 or 6.1.*° In each case, we attempted to run exactly the same
specifications and samples, but using version 6.2 of the Table instead. This approach
cannot prove that a particular set of results is right or wrong, but it may illustrate patterns
in terms of what kind of results are more or less robust.

We had four criteria for inclusion. First, the list had to include papers that studied
the level of GDP, the growth rate of GDP, and the volatility of GDP. Second, since data

revisions can be thought of as measurement error, and since estimation depends upon

1 We focused our attention on “high impact” papers, measured either in terms of citations (using
Google Scholar) or based on discussion with active researchers or papers that we think will prove
influential. We sought to examine a range of papers, in terms of the frequency of data and
methodology. However, our sample is not comprehensive, and the results are intended as
illustrations only.

13



whether measurement error is on the left or right hand side, we included papers in which
the various GDP measures (level, growth, and volatility) featured as regressors and as
regressands. Third, since our preliminary analysis of the data showed that measurement
error varies significantly between high and low frequency data, we chose papers that
adopted a pure cross-sectional approach (very low frequency); a panel approach, with
data averaged over 4-5 years (high frequency); a panel approach with annual data (very
high frequency). Table 13 lists the various papers in the appropriate analytical category.
After having decided the universe of potential papers based on these criteria, we
narrowed the list to papers that we considered influential. Finally, for inclusion here, we
had to be able to obtain the original data and to be able to replicate the paper’s main

results with those data.

Papers with Table Invariant Results

In all, we tested the robustness of 13 papers in the growth literature. Note that we
did not check all specifications in all papers. Rather we concentrated on what appear to
us — or to others citing the work — as the “main” results. The lower part of Table 13 lists
9 papers for which we found basically no or small changes in results. In addition, there
were more substantial changes for 4 papers: Ramey and Ramey (1995), Jones and Olken
(2005), Hausmann et al. (2005), and Aghion et al. (2005). We go through these in more
detail below.

Before that, we should emphasize that many prominent papers survived the

robustness checks. Whatever else is right or wrong with the growth literature, the bulk of

it is not afflicted by the problem of sensitivity to changes in GDP data. This list includes

14



work such as Acemoglu, Johnson, Robinson and Thaicharoen (2003), Barro (1999),
Burnside and Dollar (2000), Delong and Summers (1991), Demirguc-Kunt, Levine and
Laeven (2004), Easterly, Kremer, Pritchett and Summers (1993), and Sachs and Warner
(1995). The minor changes that we found in results from these papers are mentioned
briefly in Table 13. Miguel, Satyanath, and Sergenti (2004) proved robust in a
particularly interesting way, which we expand on below. And we also discuss Mankiw,
Romer and Weil (1992) in more detail below, because their results come close to being

affected.

Ramey and Ramey (1995)

This paper, published in the American Economic Review, 1995, tests the link
between growth and volatility. The specification involves running an annual panel with
growth rate on the left hand side, a set of country- and time-varying controls on the right
hand side, and a time fixed effect. There is no country fixed effect; instead there is a
country-specific and time-invariant measure of volatility of growth, proxied by the
standard deviation of the growth rate over the period covered by the growth data.

The paper used growth data from the PWT 5.6. In the original paper, there are
2208 observations from 92 countries, while in the balanced sample (i.e., where there are
data from both PWT 5.6 and 6.2), there are 1776 observations from 74 countries.

In the paper, the coefficient on volatility is negative and significant at the 1
percent level. The magnitude of the coefficient is -0.177. We replicate this result in the

first column of Table 7.
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When we re-estimated their core specification on the balanced sample (column 2),
the coefficient on the volatility term is smaller and barely significant. When we switch to
using PWT 6.2, the volatility coefficient becomes even smaller and quite far from being
significant (column 3). The same is true if we use the original dataset but drop countries
with a Data Quality Grade of D (column 4) or if we drop the same countries while using

version 6.2 (column 5).

Jones and Olken (2005)

This paper, published in the Quarterly Journal of Economics, 2005, relates
growth to leadership. Specifically, it estimates the effect of random leader deaths on a
country’s growth rate. The two key findings are: such deaths have a significant impact
on growth on average; and second, the death of leaders has a significant impact in
autocracies but not in democracies. This paper used annual growth data from PWT 6.1
and their results are replicated in column 1 of Table 8.

When we re-estimated the core specification using data from PWT 6.2, in Table 7,
we obtained the following differences compared with the original.

1. Inthe original paper, the coefficients of the random leader death are significant
for the year of the leader death and for the two subsequent years. When we re-
estimated it, using new data, the contemporaneous effect remained significant, but
the effect for the two subsequent years ceased to be significant (p-value of 0.12
and 0.13, respectively); see column 3.

2. The really striking differences are related to the disaggregation of the results by

type of political regime. In Jones and Olken (2005), random leader deaths had a
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significant impact in autocracies in the year of the leader death and in the two
subsequent years (column 1 in the 3" panel, labeled Autocrats). In the robustness
check of column 3 in the same panel, they were not significant for any of these
three time horizons.
3. Even more interestingly, Jones and Olken find no significant effects in
democracies. In the re-estimation using version 6.2 of the Table, leader deaths are
significant in the year of the leader death and the following year (column 3 of the
4™ panel, labeled Democrats).
Thus, not only the average effect but the pattern across political regimes seems to vary
depending on whether data from PWT 6.1 or 6.2 are used.

The same pattern held when we dropped from the sample those countries
categorized as very poor quality (grade D) from a data point of view (column 5 of Table
8), i.e., their original results hold (although the coefficients are smaller) with PWT 6.1

but the reversal of results is still the case with version 6.2.

Hausmann, Rodrik and Pritchett (2005)

This paper, published in the Journal of Economic Growth, 2006, identifies a set of
countries that are deemed to have sustained growth over a long period of time. The paper
used data from PWT 6.1. The criteria used to define sustained growth are that countries
must have experienced: an improvement in growth rates of at least 2 percentage points
per capita (this captures the idea of acceleration); sustained growth of at least 3.5 percent
per capita for seven years; and a higher post-acceleration income level than the pre-

acceleration peak (this is to ensure that accelerations are not simply a rebound from a
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prior period of very bad performance, for example, due to wars or conflict or other
shocks). In addition, growth per capita must remain above 3 percent after seven years,
which captures the sense that good performance is sustained.

On this basis, Hausmann et al. identified 82 country-periods (see their Table 3)
that met these criteria.’” Our exercise was simply to see how the list of countries changes
when the data from PWT 6.2 are used,; the results are in Table 8. Between PWT 6.1 and
6.2, 100 country-periods were identified as sustained growers on this definition.
However, only 65 cases were common to both data sets. In other words, there is a
discrepancy of 35 percent between the two versions. There were 17 cases which
Hausmann et al., using PWT 6.1 (for example, India in 1982 and Sri Lanka in 1979),
identified as sustained growers but which did not show up as such using PWT 6.2.
Conversely, there were 18 instances (for example, Indonesia in 1987) which were
identified by PWT 6.2 as sustained growers but which were not so categorized by
Hausmann et al. using PWT 6.1. One way of illustrating this discrepancy is to note that
only in about 65 percent of the cases was there agreement between the two datasets; in
other words, in 4 out of 10 instances, the answer depends on which data set is used (Table

9).

Miguel, Satyanath, and Sergenti (2004)
This paper, published in the Journal of Political Economy, 2004, attempts to

identify and quantify the impact of economic factors on civil wars. The estimation is

" They actually identified 83 growth transitions but one of them has been excluded because data
for Botswana does not go farther back than 1970 in PWT 6.2.
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restricted to 41 countries in Africa and uses an annual panel framework using GDP data
from PWT 6.1.

The key results of the paper are that in an OLS or probit framework,
contemporaneous and one-period lagged growth does not have a statistically significant
effect on civil conflict in Africa. However, when economic growth is instrumented with
rainfall, one-period lagged growth has a statistically and economically significant effect
on conflict — see column 1 (OLS) and column 4 in their Table 9 (IV) from the original.

When we re-ran these regressions using data from PWT 6.2 (our Table 10), we
found that the 1V results of Miguel et al. remained unchanged. However, the OLS results
changed. Specifically, in the OLS framework, contemporaneous economic growth,
which did not have a significant effect in the OLS becomes borderline statistically
significant (in column 3, the coefficient on contemporaneous growth has a t-statistic of
1.67).

Our explanation of these results is that the OLS and probit estimations are more
prone to measurement error (in this case on the right hand side) which is substantial in the
annual panel framework, especially for Africa. This results in substantial differences in
results. On the other hand, a good instrument addresses measurement error, resulting in a

more robust estimation.

Aghion, Howitt, and Mayer-Foulkes (2005)
This paper, published in the Quarterly Journal of Economics, 2005, examined the
effect of financial development on income (or technological) convergence. The paper’s

two core findings are that income convergence will depend on the level of financial
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development; and that there will be a threshold level of financial development above
which countries will converge and below which they will diverge.

Aghion et al. run a simple cross-country growth regression for a sample of 63
countries, where the key innovation is an interaction term between the level of financial
development and the initial level of income divergence with the frontier country, the U.S.
The key prediction of the model for which the estimation provides confirmation is that
the coefficient on this interaction is negative (see the second row in column 1 of Table
11). When we re-run the Aghion et al. core regression using PWT 6.2 data — shown in
Table 11 — we find that while the magnitude of this coefficient drops by about 40 percent,
it remains statistically significant (second row of column 3).

However, the second implication of the Aghion et al. paper is not robust to
changing the GDP data. Aghion et al. derive a threshold value of financial development,
which is the ratio of the coefficient on the income convergence term and the coefficient
on the interaction between income convergence and financial development. In the Aghion
et al. specifications, this value is about 25 percent.

In the revised estimations, using PWT 6.2 data, the coefficient on the income
convergence term is economically close to zero and statistically insignificant from zero
(in one of the core specifications, the coefficient on this term switches signs relative to
that in the paper). This yields a critical value for financial development of zero,
suggesting that all countries will converge, which runs counter to the spirit of the main

results implied by Aghion et al. (see column 5 of Table 11).
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Mankiw, Romer and Weil (1992)

This paper, published in the Quarterly Journal of Economics in 1992, tests an
augmented version of the Solow growth model, with the augmentation consisting of
adding human capital as an additional input (apart from capital and labor) into
production. The test comprises 2 elements: first, checking for the significance of the
coefficients on savings (proxied by investment), human capital, and population growth
(with the latter augmented to reflect technical progress and adjusted for depreciation);
and second, importantly, checking for the magnitudes of these coefficients. In particular,
the Solow model yields the result that the sum of the coefficients on savings, population
and human capital should add to zero; or, in practice, the coefficient on the savings term
adjusted for population growth should be equal in sign and magnitude to the coefficient
on the human capital term also adjusted for population growth.

Mankiw et al. estimate a simple cross-section regression in which the left hand
side is the level of per capita GDP (PPP, log). They estimate it for three samples, one
consisting of 98 countries for which data are available and another for a sample of 75
countries in which countries classified as D in terms of data quality by the PWT are
dropped, and a third where non-oil countries are dropped from the sample.

When we re-estimate their equations for the Solow model using PWT 6.2 data
(and the non-oil sample), we find that the coefficients on savings, population growth and
human capital are all correctly signed and statistically significant (Table 12). However,
we find that the key test of the Solow model that the coefficients on savings and human
capital (both adjusted for population) should be equal in magnitude comes close to being

rejected by the data (in column 5, the p-value for the test of the Solow restriction is
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0.166). This result is interesting because it contrasts with the general finding that long-
horizon cross-sectional growth studies as well as those that use the level of GDP do not
see significant changes in the results. In this study, the results change because the
regressions use the investment-GDP ratio, which as the constant term in the

specifications in Table 12 shows, is particularly prone to variability.

Discussion

Is there an explanation for the pattern observed? The least robust papers are those
that use annual panel data, for which measurement error is large. Conversely, all the
papers that survive the robustness are those that use low frequency data (i.e. cross-
sectional estimations) or 5-year panel data. Evidently, averaging reduces “data revision
error” and makes the estimations more robust.

But this raises another question. As long as this “data revision error” — which is in
principle a particular kind of measurement error — is random why isn’t it captured by the
random error term in the growth regression? The answer is twofold: First, when the PPP-
adjusted GDP appears as the independent variable (in level or growth) in regression
estimation then the question posed above is indeed very valid. That is, if the “data
revision error” were random then it should have been absorbed by the random error term.
Unfortunately, the error is not random and suffers from the biases imposed by the PWT
methodology as discussed previously. For example, whether the countries used in the
estimation sample are small or large or whether the data used extends to the early 1960s
biases the PPP-adjusted GDP measures and therefore cannot be appropriately captured by

the random error term. Second, a typical growth regression usually incorporates
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regressors that are either directly related to PPP-adjusted GDP (i.e. initial GDP), or
components thereof (such as consumption, investment or government spending; directly
measured by PWT as well). This introduces a measurement error in the dependent
variable problem which although challenging could potentially be corrected
econometrically. That an error-in-variable is a probable cause for papers we could not
replicate, is supported by the fact that the 2SLS results of the Miguel et al. (2003) survive
the robustness checks — despite using annual panel data. In Miguel et al., the core result is
not robust to data revision in the OLS version but it is robust in the IV version. Having a

good instrument helps overcome measurement error.

5. Understanding the Revisions to GDP Data: PWT Methodology

Thus far we have shown that large revisions to GDP data occur across PWT
versions; that they are systematic; and that they matter for the cross-country growth
literature. We now turn to explaining this variability. There is a large literature assessing
the basic methodology employed by the PWT for determining the international prices and
PPPs which go into the internationally comparable estimates of the level of per capita
GDP. In addition to the series of papers by Kravis, Summers and Heston (1978) and
Summers and Heston (1980, 1991 and 1996), notable contributions include Ciccone and
Jarocinksi (2008), Deaton (2006), Dowrick (2005), Dowrick and Quiggin (1997),
Feenstra et al. (2009), Heston (1994), Neary (2004), Nuxoll (1994), Rao and Selvanathan
(1992), Samuelson (1994), Srinivasan (1994), and van Veelen (2002).

However, most of the discussion and criticism of the PWT methodology focuses

on and relates to the level of international prices and level of PPP-adjusted GDP
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especially as estimated for the benchmark year. Surprisingly, little attention has been
given to the methodology and estimates for the growth rates of PPP-adjusted GDP, which
then has implications for PPP-adjusted GDP levels for non-benchmark years. How are

these growth rates and GDP levels for non-benchmark years calculated by the PWT?

Description of PWT methodology for growth estimates

Here we focus on the PWT growth estimates. Once the PWT calculates the level
of PPP-adjusted GDP (and the associated domestic absorption, DA) for the benchmark
year (say 1996), it calculates the levels for non-benchmark years according to the

following equations. GDP for a non-benchmark year, say 1995, is calculated as:

Ygos = DAgs + Net Foreign Balancegs Q)
where Y is PPP-adjusted GDP and DA is domestic absorption.
DAgs = DAgs/(1 + DAgrowthgs.gs) (2
Now DAgs is domestic absorption for the benchmark year which is, by definition,
in PPP terms. Consider next how DAgrowthgs.gs is computed:

DAgrowthgs.gs = [(Share of consumption in DAgs)*(real consumption growth gs.gs)] +
+ [(share of investment in DAgs)*(real investment growth gs.g)] +
+ [(share of government in DAgs)*(real government growth ¢s.96)]  (3)

Domestic absorption growth is calculated as the weighted average growth of its
three components, C, | and G. The weights assigned to each of these components are the
shares of each component in domestic absorption measured in 1995 and measured in
international prices. These shares are obtained from “Step 2” described in Technical

Appendix 1. But the growth rates of real C, I, and G, are from the national income
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accounts (constant price series) and as such these growth rates are at domestic not PPP
prices. The chain series in the PWT uses contemporaneous shares while the Laspeyre’s
series uses fixed shares obtained for the benchmark year.

Equation 3 above offers clues to the striking result depicted in Chart 9. If the
updating of the national income accounts leads to revisions in the growth of C, I and G
(which are on the right hand side of this equation), correspondingly domestic absorption
growth and hence GDP growth calculated by the PWT (on the left hand side) will also
change. Note that national income accounts revisions could also change the shares of
consumption, investment and government in domestic absorption in equation 3.
However, these shares are at international prices, which are likely to be less sensitive to
changes in national income accounts, especially to changes in data for the smaller
countries.

A final point is worth noting. PWT 6.2 used updated national income accounts
data. But in what sense is this newer or better data? The answer is: not clear. The current
price series NIA data are virtually identical between PWT versions 6.1 and 6.2 with a
GDP growth rate correlation of 0.992, pre-1996. It is the constant price series that
changes, with a GDP growth rate correlation of 0.665 in the same period and sample.
Essentially, the PWT re-based all national income account data from a 1990 base year to
2000. But the growth rates that this procedure yields do not always correspond to the
growth rates reported say in the World Development Indicators by national authorities,
raising the question whether the PWT’s re-basing is appropriate and whether their

estimate is superior to that of the national authorities?
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Variability of estimate and size

In thinking about the variability of the estimates and trying to locate its causes, it
is useful to recall the sequence for constructing the estimates. When a revision to the
PWT occurs, the PPPs, and hence the GDP figures, change for the benchmark year due to
the GK aggregation procedure. Next, the PPPs are changed for the non-benchmark years.
This leads to a change in the share of real C, real I, and real G for non-benchmark years.
Since these shares are used to construct the growth rate of domestic absorption, this is the
channel by which GDP growth rates change across revisions.

The regressions in Tables 3-5 showed that per capita GDP growth but especially
levels and the PPPs were significantly related to the size of a country as proxied by its
level of GDP; more specifically, the smaller the country the larger the resulting revisions.
Why is this the case? Recall that growth revisions happen because the shares of the three
components of absorption change across PWT versions. In turn, these shares change
because the PPP estimates for the non-benchmark years change. So, the question
becomes why do PPP estimates change more for small countries than for the large ones?

A formal answer to this question is provided by Rao and Selvanathan (1992).
They show that the PPPs and international prices can be seen as weighted averages,
which makes it possible to interpret them as estimators of parameters from appropriately
specified regression models. Once these are seen as such, it then also becomes possible to
assess the reliability of the estimates of these parameters. They show—equation (5) in
Rao and Selvanathan (1992)—that the standard error of estimates of the PPPs are

inversely related to a country’s size (more specifically, its total consumption
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expenditure). The smaller the country, the less reliable is the estimate of its PPP, a

proposition supported in the data (Table 3, columns 3, and 7).

Variability of estimate over time

One of the less recognized aspects of the PWTs is that the GDP estimates for the
non-benchmark years are based on extrapolated PPPs. It is striking for example, that in
PWT 6.2 and 6.1, the calculated GDPs for 1985 do not use actual international prices that
were available from the benchmark studies from PWT 5.6. Instead, the calculations for
1985 start with the 1996 benchmark data and extrapolate backward using national income
accounts data and the aggregation methods outlined in the Technical Appendix. “Step 2”.

So, the question arises, does a new PWT version provide more reliable data for
years other than the benchmark year? In Tables 3-5, we saw that the variability of the
data between versions may actually increases the farther away one gets from the
benchmark year. A heuristic explanation for this phenomenon is the following. Take
1995, the first non-benchmark year in PWT 6.1. The calculations of the international
prices for 1995 are estimates based on the actual price data for 1996. So, some error is
added to the 1995 estimates. If we take this back one more year to 1994, we know that
1994 international prices are in turn estimated from 1995 numbers. This adds one more
layer of error. Relative to the benchmark year 1996, there are two sources of error for the
1994 estimates, and so on. This error structure going back in time is analogous to the

error structure going forward imposed by many forecasting exercises. It would therefore
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not seem surprising that estimates are more variable the farther away from the benchmark

year (see the pronounced funnel shape of Figure 7).

6. Are PWT GDP Estimates Really PPP Estimates?

At first blush, this is an odd question to ask. The raison d’étre of the PWT is to
come up with PPP prices and use them for computing GDP estimates. For the benchmark
year, PPPs are calculated from the price data that are collected and these PPPs are used to
compute GDP. So, in the benchmark year, the GDP estimates are at international prices.
But matters turn out to be much murkier for years other than the benchmark year.

Recall equation 3:

DAgrowthgs.gs = [(share of consumption in DAgs)*(real consumption growth gs.g6)] +
+ [(share of investment in DAgs)*(real investment growth gs.gs)] +
+ [(share of government in DAgs)*(real government growth gs.qe)]

In this equation, the shares of the different components in DA are at international prices
while the growth rates of the components are at domestic prices.

It is possible to further decompose equation (3) to see how the additions to
domestic absorption are being valued. In Technical Appendix 3, we illustrate with a
simple example that when there is more than one good, equation 3 results in valuing the
quantity additions to each of the components of domestic absorption (between 1995 and
96) at some hybrid of domestic and international prices (see equation (5) in Technical
Appendix 3). In general, this will be different from valuing these quantity changes at
international prices and this difference is likely to be systematically larger for smaller
countries. Note that since GDP levels for non-benchmark years are calculated by

applying growth rates to benchmark year level GDP estimates, the farther away we move
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from the benchmark year the more the level GDP estimates will be comprised of
quantities that are not valued at international prices.

This leads to the striking conclusion: not only are growth rates of GDP not at
international prices, but because of this fact, level GDP estimates are also not fully at

international prices for non-benchmark years.*®

7. An alternative way to calculate PPP-GDPs?

We identified two key problems with the PWT methodology. First, we argued that
the level and GDP growth estimates for non-benchmark years are not really at PPP
prices. Second, the methodology leads to variability in the estimates which are
systematically related to country size and the distance of the data from the benchmark
year. Is there a way of calculating GDP estimates that overcome these problems?

In principle, the answer is: yes. All estimates of the level of GDP should be at
international prices and growth rates should be derived from these level estimates rather
than the other way around as the PWT currently does it. Can this be done? In fact, the
PWT has the data to do this. It has ICPs and PPP-adjusted level GDP estimates for the
different benchmark years (1980, 1985, 1996, and now 2005). These are the data that
should be used because these are GDPs calculated using actual ICP data and hence at
PPP prices. All data for the intervening years are extrapolated and not measured at

international prices and should not be the basis for estimates.

'8 This is even more true for the WDI estimates of the level and growth rate of GDP because, not
only are the growth rates of the components of domestic absorption not at international prices, but
neither are the weights assigned to the three components.
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As Appendix Table 3 illustrates, the data from benchmark years can be used for
calculating the level of GDP at common international prices. Essentially, for each
benchmark year, the Geary-Khamis procedure will yield disaggregated international
prices. A number of complications and questions will need to be resolved about the
basket of goods, country coverage, base year-prices or chain prices, etc. But in principle,
it can be done and indeed this is the principle of the excellent recent effort described in
Feenstra and Rao (2009).

Here we propose an alternative solution that is less rigorous than the one proposed
by Feenstra and Rao (2009) but that is easier to implement. Our proposal is simply to
calculate growth rates based on current year international prices rather than at some
common year international prices (see equation 13 in Technical Appendix 3). This has
the flaw of not valuing the quantities at common prices but it has the advantage of
valuing all quantities at international prices rather than some hybrid of domestic and
international prices as the PWT currently does. And in defense of this measure, one can
add that because international prices tend to be more stable than domestic prices (recall
that international prices are weighted averages of the domestic prices, see equation 3 in
Technical Appendix 2), the problem of valuing quantities at different relative prices is to
some extent attenuated.*® Thus, our proposed method, though not ideal from a theoretical
perspective, has the virtu