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Abstract

Versions 6.1 and 6.2 of Penn World Tables (PWT elhessentially the same
methodology but report significantly different GDRrewth and level—numbers. The
revisions in these numbers in PWT6.2 are in pagttdwpdated national income
accounts data, but are in part inherent in the RivéThodology, making it difficult to
determine which of the existing versions is “bestlie methodology renders data for
countries with relatively small total GDP and ddistant from the current benchmark
year especially variable. We examine 13 leadindistuof growth to check for
robustness across different versions of PWT. Taviariant results are common in
studies examining cross-sectional or very longdata; in contrast, results based on
higher frequency data are less likely to be robusitis sense, and annual data are
particularly problematic. We also find, surprisjpgihat the PWT methodology also
leads to GDP estimates that are not truly at PRIegpexcept for the single year for
which international prices are collected. We ps®pan alternative way to use PWT data
that might be less prone to these problems of datability and inadequately reflecting
PPP prices.
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1. Introduction

The Penn World Table (PWT) is the most widely usedrce of data for cross-
country income comparisofsln particular, version 5.0 of these Tables, whicts
published in 1991, represented a major step forwadata availability and helped spawn
a large empirical literature on growth and its deieants. Without doubt, the
economics profession has made substantial progyesaying close attention to the
pioneering work of Irving Kravis, Alan Heston, aRébert Summers.

But economists may not have been sufficiently &tterto the caveats and
warnings that were clearly attached to both thst fiersion of the Penn World Table and
all subsequent versions. In particular, the Tal#arly and unequivocally warned that
data quality was weak for many countries. Butiihs out there is more to guard against
than just data quality. This paper draws attentiiotihree consequences for the growth
data which is inherent to PWT methodology. First,document that GDP data are
highly variable. Revisions to GDP growth ratesduigen to a great extent by changes
made by the PWT to the underlying national incormants (NIA) data. Revisions to
GDP levels and the purchasing power parities, dtexh to being affected by changes to
underlying NIA data, are affected systematicallyclytain inherent features of the PWT

methodology. This variability is especially pronged: at high frequendannual data

are much more variable than longer averages)nhallountriegi.e. countries with

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

benchmark yean the PWT, the more variable they are. To themixthat variability is

% Roughly 2/3 of all cross-country empirical workiased on PWT. Second place is held by the
World Bank’s World Development Indicators, whichre®riginally based on the Penn World
Tables, but which have subsequently diverged. IWiteés World Economic Outlook dataset
places a distant third.



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

Second, the variability of growth data has implimas for the cross-country
growth literature. Results based on annual dateepi@ be less robust across versions of
the Tables than are results based on 10-year aserand results based on long run
growth rates or levels turn out to be quite rostur “Table Invariant” (i.e. robust
across PWT versions). The Table’s health warnimgsirio be taken seriously and
probably expanded upon, and this implies furthbustness checks for all growth
studies. If this is done, the Penn World Table doecome even more valuable.

Third, the PWT methodology raises a more basictaquesThe rationale for the
PWT is to come up with GDP level and growth datd #ire at common international (the
so-called purchasing power parity) prices so thatdata are comparable across
countries. The methodology, however, leads to timsttuction of GDP estimates that are
not at common international prices. It turns ot tihese estimates are based on a
mixture of PPP and national prices, making it difft to really compare across countries.

Is there a way to address problems of variabilitgaia not being at truly PPP
prices? We propose an alternative way of usind®hd data that goes some way toward
addressing these problems.

This paper is organized as follows. Section 2 lyriefviews the background and
history. Section 3 depicts the variability of grovdata and the underlying patterns to this
variability, focusing on versions 6.2 and 6.1 of rable. In Section 4 we summarize
the results of our robustness/replication studieseading growth studies. Section 5

illustrates the key aspects of the methodology urséide PWT that go toward



construction of the GDP data and help understaadehsons for data revisions. In
Section 6, we explain why not all PWT data fullfleéet PPP prices. Section 7 describes
our proposal that addresses the problems with P\&thadology relating to data
variability and to data not being at PPP pricestiSe 8 draws some conclusions,
including offering some practical suggestions &gaarchers. Technical Appendix 1
contains methodological details on the construatibtine PWT data. Technical
Appendix 2 explains the theoretical reasons forpidgern in data revisions. Technical
Appendix 3 illustrates why the current PWT methodgl 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 sohdata, starting in 1970
(Table 1) The latest published version is 6.2, which wasased in October 2006The
prior version was 6.1 and that was preceded by blfese are the most commonly used
versions of the Table today, and it is on thesewafocus our attention. However, it is
our understanding that the points made below gptydo other versions.

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

collecting prices for the same or similar gooddifferent countries, and deriving price

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



indices that can be used to compare what peoplaaaally buy. The price collection
operation is known as the International ComparBoogramme/Project (ICP)The

Table obtains local currency data from the natiamadme accounts of countries. Then,
based on international price comparisons, it casvéese local currency data into
Purchasing Power Parity (PPP)-based figures, wsholuld be comparable across
countries. These are more appealing as the m@astemparisons than data based on
market exchange rates, which can fluctuate corsldgand hide the real progress (or
lack thereof) in economic prosperity for a courdriyihabitants.

Each “generation” of the Table is based on a dbfferound of the ICP, i.e., so
versions 5.6 and 6.1 use different prices. Eacleiggion also uses updated estimates of
GDP and its components measured in domestic cyrréathin a generation of the
Table, the ICP remains the same, e.g., this isdke 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 aastunt of resources — mostly
in terms of people’s time, but the computer resesirat least until recently, were also
significant. The only organizations that can sassach an investment are government-

funded, and even international organizations, siscthe UN, have a hard time coming

®>The International Comparison Project began in 1&8Bpugh its antecedents date back to the
1950s. Irving Kravis was the first director; httpristats.un.org/unsd/methods/icp/ipco_htm.htm
In 1989 the “P” became Programme, rather than Brojaternational price comparisons have
been completed for 1970, 1975, 1980, 1985, 199865 4ad 2005.




up with all the money requir€dA substantial amount of the needed investment has
come directly from governments.

As a result, control over the ICP has shifted divee. “After phase Il [1975],
the role of the University of Pennsylvania, whiaddhuntil then been the main engine of
the ICP, was gradually transformed into that ofiselvon methodological issues.
Another notable change in ICP responsibility wasititreasing role of the Statistical
Office of the European Communities (EUROSTAT). EURIT, in fact, became not
only the organizer of the European Community comspar, but also, with its
experienced staff, it has provided substantialneeh assistance to a number of regional
comparisons and to the work on establishing limksrg the various regions.”

And as control has shifted, so have preferengesrdeng methodology both for
particular regions and for how these are aggredatgtbbal estimates. The most
important change may have been regionalizationpHase 1V [1980] and onward,
countries participated through regions or countougs; first regional (e.g., African,
OECD etc.) comparisons were carried out and themvtbrld comparison was built up by

linking across these group%.Deaton and Heston (2008) focus on problematic

® The Ford Foundation did provide critical earlyafittial support through grants to the University
of Pennsylvania.
" Quotation is fronhttp://unstats.un.org/unsd/methods/icp/ipco_htm.htm
® The pattern of support for the Tables has shiftest time. “For the most part, participating
countries have provided domestic resources fod#te collection for ICP, while the Statistical
Division of the Department of Economic and SociavBlopment of the United Nations
Secretariat, EUROSTAT, OECD and the Austrian CéSratistical Office, in its capacity as
organizer of the Eastern European comparison, tiane concerned with ICP-type work. Early
sponsors of the ICP, such as the Ford Foundatidmaonsortium of contributing countries
organized by the World Bank, provided resourcesdalawed coordination of the benchmark
comparisons, particularly among developing coustrie phases IV and V, EUROSTAT became
the financial supporter of the African and Caribibbeamparisons. In phase IV, the Inter-
American Development Bank (IADB) provided a majontribution to the Latin American
regional comparison; however, this effort was orgrah through a group of experts visiting
(continued)




methodological points, all of which arise becauasipular organizations control part of
the methods, and their concern suggests that thioah@ogy changes significantly such
that it is harder to say if the Table are improvargot 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 PWiBiea 6.1 and 6.2. These
versions differ in four relatively small way®oth versions are within the same
generation of the Table, and therefore have almesitical methodologies, and more
importantly, between these versions, there is mo IG#® and hence no new international
price data® Despite these small changes, estimates of GDPsland growth vary
substantially. The one substantive differenceas BFWT 6.2 uses more “updated”
national income accounts data. Specifically, rias that the current price national
income accounts data change across versions (intheedurrent price data are virtually

identical across versions), rather the PWT re-b#sesonstant price national income

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

° There are new purchasing power parities for th€DEountries, 20 additional countries
(mainly transition economies), coverage was exteriicem 2000 to 2004, and the reference year
for calculation of the purchasing power parities haen moved from 1996 to 2000.

1%1n addition, an important point emerges from afidrexamination of the methodological
history of the Tables (e.g., Deaton and Heston8p0WVe usually think that a revised data series
is better than the original series, due to varkinds of corrections. But in the case of the Taple
the methodology has not necessarily improved awes.t There have been innovations, but some
of these happened for bureaucratic or even pdlitgasons, as international organizations
became involved in the data collection, preparation presentation. As a result, it is not
reasonable to assume that one version of the Téhlpsthe latest) is necessarily better than
other versions. This is another reason why resludtishold in one version of the Tables, but not
other versions, should probably be viewed with gneskepticism.




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

Figure 1 illustrates that the 30-year average dmgnoavth rates (1970-1999; the
available period for comparisons; see Table 1®dontries in sample) differ between
Penn World Table 6.2 and 6:1The average difference in the growth rate (forgbgod
1970-1999) generated by the two versions is clozeto (0.1 percent). But the standard

deviation of the differences in growth is about percent. This is quite substantial when
compared with the fact that the average growth(raté.2) is 1.56 percent. Put
differently, growth is more than 1 percent per anrdifferent in more than half the
countries and more than 2 percent different neadyarter of all cases. (To anticipate
our finding on proximate causes below, Figure @sillates that there is also a great deal
of variation across versions in the calculated gean prices, measured in PPP terms.)
The first systematic pattern to variability—nam#igt it increases when the data
are at higher frequency—becomes evident when weutarthe growth rate over one,
ten, and thirty-year periods. These are presentéuki three panels of Figure 3 (where
the third panel is the same as Figure 1) with #messcale for the growth rates. It is
dramatically illustrated that growth computed oraanual horizon is considerably more
variable across versions than growth computed d9emd 30-year horizons. For
example, the standard deviation of the growth ratesss the two versions is 5.39
percent (relative to the average growth rate o6 p&rcent over that horizon) compared

with a standard deviation of 1.08 percent (relatovaverage growth of 1.51 percent) for

" Figure 1 shows that for the sample for which tteeeedata on real per capita PPP GDP in both
PWT6.1 and PWT 6.2, the magnitudes are broadlylaimihen we compare PWT6.2 with WDI
or with PWT5.6 (see Table 6) or with the WEO numsh@lthough the sample varies depending
on the comparison).



the 30-year horizon. The striking differences iis figure intuitively explain the results

we find later about the robustness of leading gnostidies. Results based on annual
data prove to be less robust across versions dfdh&e than are results based on 10-year
or 30-year averages. Evidently, errors get averagédver longer horizons.

Figure 4 shows some prominent cases of revisiottsiiGDP numbers across the
three latest PWT versions and this affects marth@harratives about growth. Consider
one such narrative. As an illustration of the seyef the data problem and associated
policy discussion for some low income countries)sider the very basic question of who
has done well and who has done badly, say overake25 year§.

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

growth according to one version but not accordmthe other versioH.

2 This basic and important question was askedXamgle, by the World Bank’s recent Spence

Commission. We reexamine their conclusions inpaisste paper, currently under preparation.

3 More generally, do the leading alternative versioihgrowth data of the Tables agree on the

fastest growing countries around the world? Fizre can compare “top 10” and “bottom 10"

in terms of growth performance according to versiérl and 6.2 of the Tables, alongside growth

rates calculated from the IMF’'s World Economic ©a# (WEQO) and the World Bank’s World

Development Indicators (WDI). This is the subjetanother paper, so we only mention the

highlights here. All four sources agree on sevetheffastest growing countries: South Korea,

China, Botswana, Thailand, Hong Kong, Ireland araddyisia. But there are also seven countries
(continued)



A second pattern in the variability of growth esies is one that the PWT has
always highlighted, namely data quality. The Tdidge always been quite transparent
about this data quality issue, and in fact theyypnently assigned “Quality Grades” for
each country (e.g., to version 5.0) — these gradesubjective assessments made by the
authors of the PWT, based on a number of factassrieed in the Technical Appendix to
PWT 6.1, pp.13-18. Figure 5 shows the breakdowsoahtries by their Grades in
version 6.1. Strikingly, only 32 countries receleegrade of A or B. Grades of C or D
were received by 147 countries.

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

The quality grades are obviously informative, ia #ense of “explaining” the
data variability across revisions. The PWT’s gyatditading is part objective and part
subjective and is based on other criteria includimggsize of the country and the number
of benchmark studies that it has participated ut. iB quality per se the cause or is

guality suggestive of something else?

that appear on at least one list but not on afi.lig\nd even between the IMF and the World
Bank data there is disagreement on the exact rgrfimd on whether Indonesia, Portugal and
Luxembourg make the cut). Again, there is moregiisament on the countries that have done
worst — probably because poorer performing countdad to have less reliable data. Only five
countries appear on all four lists: Madagascarafndigua, Togo, Venezuela, and Zambia.



Next, we examine the underlying causes of the i@wss by using simple OLS
regression analysis. It is worth noting that oun & to provide some more structure to
the correlations presented in the figures abowtberdahan establishing a tight causal
relationship. In this spirit, we run regressionstfaee different and important variables
estimated by the PWT—the purchasing power parigepr the level of PPP GDP, and
the growth rate of PPP GDP.

For reasons explained in greater detail below, agtphat there are four possible
factors that could cause revisions to the PWT edém First, PWT estimates could
change because the underlying NIA data—part ofrtpets for the PWT system—
change. Second, even apart from changes in thelyimgedata, revisions could be
systematically related to the quality of the datiaird, the PWT grading is in part related
to the size of the country, so we explore whethsr sould play a role in data revisions.
Finally, revisions could be systematically relatedime and history. We should note that
it is not the case that revisions to the Table geammly more recent data. Appendix
Figure 2 shows that there are large revisionsherl970s, the 1980s, and the 1990s,
looking at 10-year average annual growth rates.vEnable we use to capture this is the
distance of the estimate from the benchmark ygah®ICP.

Regressions for revisions to the PPPs, level of @RdPGDP growth are reported
in Tables 3-5 respectively. In Table 3, for exampte dependent variable is the absolute
value of the difference in log of internationalqaribetween version 6.2 and version'6.1.

We use two alternative measures for data quahg/fitst is the grading by PWT itself

1 All the regressions are done at annual frequentyve have also replicated them at a decadal
and 25-year frequencies and obtained similar resuith regards to coefficient signs and
significance levels. Consistent with Figure 3, wlising higher frequency data the coefficient
magnitudes obtain considerably larger values faiegressors.

10



and we convert the 4 letter grades for data quadttyan index, from 1 to 4, where 4 is
the best (“A”). The second measure is simply thealper of ICP studies in which a
country has participated. For size, we use thefagcountry’s gross domestic product.
Since the benchmark year for PWT 6.1 is 1996, cessure of time is the number of
decades from 1996 (with each year being "1/df0a decade; the observation for 1995 will
therefore be 0.1). We use the log of the absolabeevof differences in the growth of
GDP (at constant domestic prices) as well as th@tdhe absolute value of differences
in the level of GDP (at constant prices) as oursuess of changes in national income
accounts data.

Column 1 shows that a higher grade is negativéated to differences in the
data, which confirms that the PWT team knows ttata well. Column 2 shows that if
there have been more ICP benchmark studies foumtigo this also reduces the extent of
data revisions between versions 6.2 and 6.1 — agaisurprise. Log GDP (column 3)
has a similar effect, although of course this mawlproxy for data quality or the
existence of a benchmark study. These resultscargstent with the quality grading as
advocated for years by the PWT researchers.

Perhaps more novel is the result in column 6. $hws that the further a
datapoint from the benchmark year, measured inladesealue of years from 1996, the
more likely is its data to change between versthhsand 6.2, i.e., the coefficient is
positively signed. These results on the variabdityhe PPPs and their relationship to
country size (log total GDP) and distance are geagbly represented in Figures 2 and 7,
respectively. Figure 7 is striking in depictingumiel relationship between variability

and distance from benchmark year, particularlycfountries with Grades C and D. Data

11



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

Table 4, which reports results for the level of G¥? capita, suggests that the
determinants of the revisions for GDP are simiathiose for international prices (see
figures 7 and 8)?

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

We explore this result a little further. We findattihere are very few revisions to
the current price NIA data. Indeed, when we adsl Yariable to the growth regression in
Table 5, it has little explanatory power on its oand it does not affect the power of

other variables.

> Appendix Tables 1 and 2 and Appendix Figures 34odnfirm the same broad pattern holds
across investment and consumption data also. Hs®mnewe show this relationship for
investment and consumption (specifically the shafésvestment and consumption in GDP
measured at their respective PPP prices) is thaetbhares are crucial in the computation of
growth rates in the PWT (see the discussion in fiieah Appendix 1 under “Step 3.”). Distance
from benchmark year has a consistently positivectfhn the size of the data revision, although it
is a bit less marked for consumption than investiraend this effect is larger for countries with
lower quality data.

12



4. Replication Exercisesfor the Cross-Country Growth Literature

The size of these revisions to data between vessbthe Table is surprising and
the pattern to the revisions is interesting, buthgty matter? To assess this we turn now
to examine some of the most prominent studiesargtbwth that have used the Table.

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

literature are robust to changing versions of thbld.

Criteria for considering papers

We have examined many of the leading papers igitheth literature based on
Penn World Table 5.6 or 6:1.In each case, we attempted to run exactly thesam
specifications and samples, but using version btBeoTable instead. This approach
cannot prove that a particular set of resultsgbtror wrong, but it may illustrate patterns
in terms of what kind of results are more or |ledsust.

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

revisions can be thought of as measurement emdrsiace estimation depends upon

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

13



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

results with those data.

Papers with table invariant results

In all, we tested the robustness of 13 papersargtbwth literature. Note that we
did not check all specifications in all papers.tieawe concentrated on what appear to
us — or to others citing the work — as the “mamsults. The lower part of Table 13 lists
9 papers for which we found basically no or smafireges in results. In addition, there
were more substantial changes for 4 papers: RanmgtRamey (1995), Jones and Olken
(2005), Hausmann et al. (2005), and Aghion et28l0%). We go through these in more
detail below.

Before that, we should emphasize that many premipapers survived the

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

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

14



work such as Acemoglu, Johnson, Robinson and Taeseim (2003), Barro (1999),
Burnside and Dollar (2000), Delong and Summers 1], 99emirguc-Kunt, Levine and
Laeven (2004), Easterly, Kremer, Pritchett and Sensn(i1993), and Sachs and Warner
(1995). The minor changes that we found in redut® these papers are mentioned
briefly in Table 13. Miguel, Satyanath, and Setgé&004) proved robust in a
particularly interesting way, which we expand otolae And we also discuss Mankiw,
Romer and Weil (1992) in more detail below, becdhsé results come close to being

affected.

Ramey and Ramey (1995)

This paper, published in temerican Economic Revied995, tests the link
between growth and volatility. The specificatiomaives running an annual panel with
growth rate on the left hand side, a set of couraing time-varying controls on the right
hand side, and a time fixed effect. There is nobguixed effect; instead there is a
country-specific and time-invariant measure of tibtg of growth, proxied by the
standard deviation of the growth rate over thequecovered by the growth data.

The paper used growth data from the PWT 5.6. érotiiginal paper, there are
2208 observations from 92 countries, while in thiabced sample (i.e., where there are
data from both PWT 5.6 and 6.2), there are 177@rvlasions from 74 countries.

In the paper, the coefficient on volatility is néga and significant at the 1
percent level. The magnitude of the coefficierDid77. We replicate this result in the

first column of Table 7.
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When we re-estimated their core specification enlthlanced sample (column 2),
the coefficient on the volatility term is smallerdabarely significant. When we switch to
using PWT 6.2, the volatility coefficient become®e smaller and quite far from being
significant (column 3). The same is true if we tiszoriginal dataset but drop countries
with a Data Quality Grade of D (column 4) or if ¥®p the same countries while using

version 6.2 (column 5).

Jones and Olken (2005)

This paper, published in tii@uarterly Journal of Economi¢c2005, relates
growth to leadership. Specifically, it estimaties effect of random leader deaths on a
country’s growth rate. The two key findings anecls deaths have a significant impact
on growth on average; and second, the death oétsduhs a significant impact in
autocracies but not in democracies. This papet asaual growth data from PWT 6.1
and their results are replicated in column 1 ofl&&b

When we re-estimated the core specification usatg tom PWT 6.2, in Table 7,
we obtained the following differences compared Wl original.

1. In the original paper, the coefficients of the ramdleader death are significant
for the year of the leader death and for the twaseguent years. When we re-
estimated it, using new data, the contemporaneifest eemained significant, but
the effect for the two subsequent years ceased significant (p-value of 0.12
and 0.13, respectively); see column 3.

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

type of political regime. In Jones and Olken (200&hdom leader deaths had a

16



significant impact in autocracies in the year & ader death and in the two
subsequent years (column 1 in tffeinel, labeled Autocrats). In the robustness
check of column 3 in the same panel, they weresigmiificant for any of these
three time horizons.
3. Even more interestingly, Jones and Olken find gaificant effects in
democracies. In the re-estimation using versioro6tBe Table, leader deaths are
significant in the year of the leader death andfétiewing year (column 3 of the
4" panel, labeled Democrats).
Thus, not only the average effect but the patteraoss political regimes seems to vary
depending on whether data from PWT 6.1 or 6.2 seelu

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

but the reversal of results is still the case wihsion 6.2.

Hausmann, Rodrik and Pritchett (2005)

This paper, published in tl®urnal of Economic Growtt2006, identifies a set of
countries that are deemed to have sustained gmvetha long period of time. The paper
used data from PWT 6.1. The criteria used to defustained growth are that countries
must have experienced: anprovemenin growth rates of at least 2 percentage points
per capita (this captures the idea of accelergtgustainedgrowth of at least 3.5 percent
per capita for seven years; and a higher post-aat@n income level than the pre-

acceleration peak (this is to ensure that acca@stre not simply a rebound from a
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prior period of very bad performance, for exampige to wars or conflict or other
shocks). In additiongrowth per capitanust remairabove 3 percerdfter seven years,
which captures the sense that good performanaestaiaed.

On this basis, Hausmann et al. identified 82 cqupériods (see their Table 3)
that met these criterfd. Our exercise was simply to see how the list aintnes changes
when the data from PWT 6.2 are used; the resudtsarable 8. Between PWT 6.1 and
6.2, 100 country-periods were identified as sustigrowers on this definition.
However, only 65 cases were common to both dasa sebther words, there is a
discrepancy of 35 percent between the two versibimste were 17 cases which
Hausmann et al., using PWT 6.1 (for example, Inmdik982 and Sri Lanka in 1979),
identified as sustained growers but which did matvs up as such using PWT 6.2.
Conversely, there were 18 instances (for examptigriesia in 1987) which were
identified by PWT 6.2 as sustained growers but tviere not so categorized by
Hausmann et al. using PWT 6.1. One way of illustgathis discrepancy is to note that
only in about 65 percent of the cases was themeagent between the two datasets; in
other words, in 4 out of 10 instances, the answepedds on which data set is used (Table

9).

Miguel, Satyanath, and Sergenti (2004)
This paper, published in tl®urnal of Political Economy2004, attempts to

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

" They actually identified 83 growth transitions lome of them has been excluded because data
for Botswana does not go farther back than 19T 6.2.
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restricted to 41 countries in Africa and uses amuahpanel framework using GDP data
from PWT 6.1.

The key results of the paper are that in an OL&a@bit framework,
contemporaneous and one-period lagged growth duidsane a statistically significant
effect on civil conflict in Africa. However, whegconomic growth is instrumented with
rainfall, one-period lagged growth has a statififand economically significant effect
on conflict — see column 1 (OLS) and column 4 eitiable 9 (1V) from the original.

When we re-ran these regressions using data from €@&/(our Table 10), we
found that the 1V results of Miguel et al. remainetthanged. However, the OLS results
changed. Specifically, in the OLS framework, comperaneous economic growth,
which did not have a significant effect in the Oh&omes borderline statistically
significant (in column 3, the coefficient on confgmnaneous growth has a t-statistic of
1.67).

Our explanation of these results is that the OL& @obit estimations are more
prone to measurement error (in this case on thne hignd side) which is substantial in the
annual panel framework, especially for Africa. Thasults in substantial differences in
results. On the other hand, a good instrumentesdds measurement error, resulting in a

more robust estimation.

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

two core findings are that income convergence aépend on the level of financial
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development; and that there will be a thresholelle¥ financial development above
which countries will converge and below which thil diverge.

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

However, the second implication of the Aghion etpalper is not robust to
changing the GDP data. Aghion et al. derive astio&l value of financial development,
which is the ratio of the coefficient on the inconmvergence term and the coefficient
on the interaction between income convergence iaaddial development. In the Aghion
et al. specifications, this value is about 25 pet.ce

In the revised estimations, using PWT 6.2 datactefficient on the income
convergence term is economically close to zerostatistically insignificant from zero
(in one of the core specifications, the coefficientthis term switches signs relative to
that in the paper). This yields a critical valuefioancial development of zero,
suggesting that all countries will converge, whighs counter to the spirit of the main

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

This paper, published in tii@uarterly Journal of Economias 1992, tests an
augmented version of the Solow growth model, vindaugmentation consisting of
adding human capital as an additional input (afpanbh capital and labor) into
production. The test comprises 2 elements: fiteécking for the significance of the
coefficients on savings (proxied by investment)naa capital, and population growth
(with the latter augmented to reflect technicalgpess and adjusted for depreciation);
and second, importantly, checking for the magniuafethese coefficients. In particular,
the Solow model yields the result that the sunhefdoefficients on savings, population
and human capital should add to zero; or, in practhe coefficient on the savings term
adjusted for population growth should be equaign sind magnitude to the coefficient
on the human capital term also adjusted for pojmragrowth.

Mankiw et al. estimate a simple cross-section 10 in which the left hand
side is the level of per capita GDP (PPP, log).ylé&timate it for three samples, one
consisting of 98 countries for which data are aldé and another for a sample of 75
countries in which countries classified as D imerof data quality by the PWT are
dropped, and a third where non-oil countries aoppled from the sample.

When we re-estimate their equations for the Sola@husing PWT 6.2 data
(and the non-oil sample), we find that the coedints on savings, population growth and
human capital are all correctly signed and staadli significant (Table 12). However,
we find that the key test of the Solow model tiat toefficients on savings and human
capital (both adjusted for population) should baatdn magnitude comes close to being

rejected by the data (in column 5, the p-valudliertest of the Solow restriction is
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0.166). This result is interesting because it @stf with the general finding that long-
horizon cross-sectional growth studies as welhasé that use the level of GDP do not
see significant changes in the results. In thidystthe results change because the
regressions use the investment-GDP ratio, whidhesonstant term in the

specifications in Table 12 shows, is particulangre to variability.

Discussion

Is there an explanation for the pattern observdd®ldast robust papers are those
that use annual panel data, for which measuremeottie large. Conversely, all the
papers that survive the robustness are those sedbw frequency data (i.e. cross-
sectional estimations) or 5-year panel data. Exigeaveraging reduces “data revision
error” and makes the estimations more robust.

But this raises another question. As long as tthéd revision error” — which is in
principle a particular kind of measurement errags random why isn't it captured by the
random error term in the growth regression? Thevanss twofold: First, when the PPP-
adjusted GDP appears as the independent variabiev@l or growth) in regression
estimation then the question posed above is indegdvalid. That isif the “data
revision error” were random then it should havenba&esorbed by the random error term.
Unfortunately, the error is not random and suffessn the biases imposed by the PWT
methodology as discussed previously. For exampglether the countries used in the
estimation sample are small or large or whethed#ta used extends to the early 1960s
biases the PPP-adjusted GDP measures and thecaforet be appropriately captured by

the random error term. Second, a typical growtheggjon usually incorporates
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regressors that are either directly related to B&#Bsted GDP (i.e. initial GDP), or
components thereof (such as consumption, investoregavernment spending; directly
measured by PWT as well). This introduces a measemeerror in the dependent
variable problem which although challenging coutdemtially be corrected
econometrically. That an error-in-variable is alyable cause for papers we could not
replicate, is supported by the fact that the 234ssilts of the Miguel et al. (2003) survive
the robustness checks — despite using annual gateelin Miguel et al., the core result is
not robust to data revision in the OLS versionibig robust in the IV version. Having a

good instrument helps overcome measurement error.

5. Understanding the Revisionsto GDP Data: PWT M ethodology

Thus far we have shown that large revisions to @B occur across PWT
versions; that they are systematic; and that thatyenfor the cross-country growth
literature. We now turn to explaining this varidatyil There is a large literature assessing
the basic methodology employed by the PWT for deiteing the international prices and
PPPs which go into the internationally comparabtereates of the level of per capita
GDP. In addition to the series of papers by KraSismmers and Heston (1978) and
Summers and Heston (1980, 1991 and 1996), notahtelzutions include Ciccone and
Jarocinksi (2008), Deaton (2006), Dowrick (2005pwick and Quiggin (1997),
Feenstra et al. (2009), Heston (1994), Neary (209dxoll (1994), Rao and Selvanathan
(1992), Samuelson (1994), Srinivasan (1994), amdvieelen (2002).

However, most of the discussion and criticism & BWT methodology focuses

on and relates to tHevel of international prices arldvel of PPP-adjusted GDP
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especially as estimated for the benchmark yeaprisumgly, little attention has been
given to the methodology and estimates forgtevthrates of PPP-adjusted GDP, which
then has implications for PPP-adjusted GDP leva@isibn-benchmark years. How are

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

Description of PWT methodology for growth estimates

Here we focus on the PWT growth estimates. Omed>WWT calculates the level

of PPP-adjusted GDP (and the associated domesticton, DA) for the benchmark

year (say 1996), it calculates the levels for nendhmark years according to the

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

Y95 = DAgs+ Net Foreign Balange Q)

where Y is PPP-adjusted GDP and DA is domesticraliso.

DAgs = DAgg/(1 + DAgrowthys gq) (2)

Now DAgs is domestic absorption for the benchmark year wrgcby definition,

in PPP terms. Consider next how DAgrowtss is computed:

DAgrowthgs.gs = [(Share of consumption in R4*(real consumption growths.gg)] +
+ [(share of investment in DA)*(real investment growtbs.og)] +
+ [(share of government in D&*(real government growths.oge)] 3)
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Domestic absorption growth is calculated as thaylated average growth of its
three components;, | andG. The weights assigned to each of these compoaenthe
shares of each component in domestic absorptiosunesin 1995 and measured in
international prices. These shares are obtained f8iep 2” described in Technical
Appendix 1. But the growth rates of r&all, andG, are from the national income
accounts (constant price series) and as such ¢gineggh rates are at domestic not PPP
prices. The chain series in the PWT uses contempotes shares while the Laspeyre’s
series uses fixed shares obtained for the benchyeark

Equation (3) above offers clues to the strikingitedepicted in Chart 9. If the
updating of the national income accounts leads¥@ions in the growth o, | andG
(which are on the right hand side of this equaticnjrespondingly domestic absorption
growth and hence GDP growth calculated by the P@¥iltlje left hand side) will also
change. Note that national income accounts revsstonild also change the shares of
consumption, investment and government in domeasorption in equation (3).
However, these shares are at international prgesh are likely to be less sensitive to
changes in national income accounts, especialihamges in data for the smaller
countries.

A final point is worth noting. PWT 6.2 used updatedional income accounts
data. But in what sense is this newer or betteadhe answer is: not clear. The current
price series NIA data are virtually identical beéne®WT versions 6.1 and 6.2 with a
GDP growth rate correlation of 0.992, pre-1996s the constant price series that
changes, with a GDP growth rate correlation of B.l66the same period and sample.

Essentially, the PWT re-based all national incoemant data from a 1990 base year to
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2000. But the growth rates that this proceduredgielo not always correspond to the
growth rates reported say in the World Developniedicators by national authorities,
raising the question whether the PWT's re-basirapizopriate and whether their

estimate is superior to that of the national autiess?

Variability of estimate and size

In thinking about the variability of the estimatasd trying to locate its causes, it
is useful to recall the sequence for constructivegdstimates. When a revision to the
PWT occurs, the PPPs, and hence the GDP figuraagetfor the benchmark year due to
the GK aggregation procedure. Next, the PPPs anegeld for the non-benchmark years.
This leads to a change in the share of @akall, and reals for non-benchmark years.
Since these shares are used to construct the gratetiof domestic absorption, this is the
channel by which GDP growth rates change acrossioes.

The regressions in Tables 3-5 showed that perac&itP growth but especially
levels and the PPPs were significantly relatedhéosize of a country as proxied by its
level of GDP; more specifically, the smaller thesotry the larger the resulting revisions.
Why is this the case? Recall that growth revisiomgpen because the shares of the three
components of absorption change across PWT versiortsirn, these shares change
because the PPP estimates for the non-benchmarkgfgange. So, the question
becomes why do PPP estimates change more for souadtries than for the large ones?

A formal answer to this question is provided by Rad Selvanathan (1992).
They show that the PPPs and international pricedeaseen as weighted averages,

which makes it possible to interpret them as egbnsaf parameters from appropriately
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specified regression models. Once these are semrchsit then also becomes possible to
assess the reliability of the estimates of thesameters. They show—equation (5) in
Rao and Selvanathan (1992)—that the standard efrestimates of the PPPs are
inversely related to a country’s size (more speally, its total consumption

expenditure). The smaller the country, the lesalld is the estimate of its PPP, a

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

Variability of estimate over time

One of the less recognized aspects of the PWTaithe GDP estimates for the
non-benchmark years are basecegtrapolatedPPPs. It is striking for example, that in
PWT 6.2 and 6.1, the calculated GDPs for 1985 dase actual international prices that
were available from the benchmark studies from P36T Instead, the calculations for
1985 start with the 1996 benchmark data and exmggbackward using national income
accounts data and the aggregation methods ouilirte@ Technical Appendix. “Step 2”.

So, the question arises, does a new PWT versiondaronore reliable data for
years other than the benchmark year? In Tablesag&Saw that the variability of the
data between versions may actually increases ttteefaaway one gets from the
benchmark year. A heuristic explanation for thispdmenon is the following. Take
1995, the first non-benchmark year in PWT 6.1. Gdleulations of the international
prices for 1995 are estimates based on the aatigal gata for 1996. So, some error is
added to the 1995 estimates. If we take this baekmore year to 1994, we know that
1994 international prices are in turn estimatedhfd®95 numbers. This adds one more

layer of error. Relative to the benchmark year 198ére are two sources of error for the
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1994 estimates, and so on. This error structuneggioack in time is analogous to the
error structure going forward imposed by many fasting exercises. It would therefore
not seem surprising that estimates are more variaiel 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. Taison d’étre of the PWT is to
come up with PPP prices and use them for comp@IDg estimates. For the benchmark
year, PPPs are calculated from the price dataatieatollected and these PPPs are used to
compute GDP. So, in the benchmark year, the GDRat&s are at international prices.
But matters turn out to be much murkier for yeareothan the benchmark year.

Recall equation (3):

DAgrowthgs.gs = [(Share of consumption in R4*(real consumption growths.gg)] +
+ [(share of investment in DA*(real investment growtbs.gg)] +
+ [(share of government in RBA*(real government growtbs.ge)]

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

It is possible to further decompose equation (3e® how the additions to
domestic absorption are being valued. In Techpglendix 3, we illustrate with a
simple example that when there is more than ond,geguation (3) results in valuing the
guantity additions to each of the components of etio absorption (between 1995 and
96) at some hybrid of domestic and internationalgw (see equation (5) in Technical

Appendix 3). In general, this will be different fmovaluing these quantity changes at
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international prices and this difference is likeybe systematically larger for smaller
countries. Note that since GDP levels for non-bematk years are calculated by
applying growth rates to benchmark year level GBHrates, the farther away we move
from the benchmark year the more the level GDRmedés will be comprised of
guantities that are not valued at internationalg®si

This leads to the striking conclusion: not onlg growth rates of GDP_nat
international prices, but because of this factel&évyDP estimates are also not fully at

international prices for non-benchmark yéeérs.

7. Some Thoughtsfor an Alternative PPP-GDP Chained Growth Series

The existing PWT PPP-GDP series suffer from thheetsomings. First, as
documented previously, the methodology leads teland systematically biased
variations across versions of the Table. Secorimmates of PPP-adjusted GDP growth
rates and PPP-adjusted level of GDP for the nomtreark years are not at international
but rather some “hybrid” prices, which goes agaihstraison d’etre of PWT. Third, each
new generation of PWT leads to discarding usefokmation from the disaggregated
price data in all previous ICP benchmark studies.

Is there a way of calculating GDP estimates thatcame these problems?
In principle, yes. First and foremost, the altenetpproach could use the data and the

estimates of the level of GDP compiled in the bematk years (i.e., 1980, 1985, 1996,

'8 This is even more true for the WDI estimates efl#vel and growth rate of GDP because, not
only are the growth rates of the components of ddimabsorption not at international prices, but
neither are the weights assigned to the three coergs.
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and 2005). All data for the intervening years atieagolated and not measured at
international prices and should not be the basiestmates.

The current methodology starts with the level of 5D the benchmark year, then
calculates the growth rates, which are in turn usezilculate the level of GDP in the
benchmark years. We would propose doing it therotlag around: to use the level
estimates for the benchmark years and calculatgrtheth rates from these level
estimates. Take the PPP-adjusted GDPs calculatd®&5 and 1996 from disaggregated
ICP data. While cross-sectional comparisons camaae for each of the two years 1985
and 1996, there cannot be intertemporal comparisased on these estimates because
they are not at common prices. The aim, therefer®, come up with GDP level
estimates that are at common prices.

Here is a sketch of our proposed method. Assunidhbdevel of GDP, for a

country, at international prices in the benchmagéryl985 is:

Y85 = CéSRS’:% + C825I3825 + i85P8i5’ (7)

where the P’s are all international prices caladdtom the Geary-Khamis aggregation,
and superscripts refer to the type of consumptmodg1 or 2) or to the investment good
i (we assume that GDP comprises only C and |, batd@ comprises only*a?).

The level of PPP-adjusted GDP in the second bendhyear is,

Y96 = C9}6F2916 + CSSFBZG + iQSFgG ' (8)
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To calculate growth rates, we would ideally needdlue either period 1985 quantities at
1996 prices or 1996 quantities at 1985 prices. she can derive two new GDP

estimates that are, respectively:

Y825 = CéBPQlG + C§5|3926 + i85P9i6 ! (9)

Y916 = C;GF)SJ;S + CSGF)SZS + iQGPSiS ' (10)

The point is that the data for computing Y accogdim equations (9-10) are
generated by the PWT. For each benchmark yeaqudetities of the different
consumption and investment goods are availableeadlisaggregated level (recall that
these are the inputs for the Geary-Khamis aggregatiocedure, and these quantities are
derived simply by deflating expenditures on eacbdyat domestic prices by domestic
prices). And for each benchmark year, the Gearyriibgrocedure yields disaggregated
international prices.

Equations (7) and (10) will yield a GDP series tisahtertemporally comparable
(at period 1985 prices); Equations (8-9) will ajseld a GDP series that is internationally
comparable but at period 1996 prices. It is nanwpde to calculate growth rates.

We can then derive the growth rates of GDP eithbaae-year prices, which is

. 1 1+ 2+ Di
y,_= AR+ ACRE + AR, 1)
Yos
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Or at current year prices which is,

v = DCRs +AC’Ry +AIR
" Yer

. (12)

Our preferred approach, however, would be to cateud new chaineskries that
can be used for international comparisons. Thislavimyolve averaging the two growth
rates emerging from equations (11-12) to yield@rodd growth estimate between these
two years. The way we would envisage is that ttenthg would be based on successive
ICPs. Thus, there would be a growth estimate beti®85 and 1996 based on the ICPs
in 1985 and 1996. Similarly, there would be anneste between 1996 and 2005 based
on the ICPs in these two years. And so on. Tharmtdge of this approach would be that
every time a new ICP is conducted, it would cleange historical growth rates of GDP.
Only growth rates going forward until the next 1@Buld be estimated.

Of course, a number of practical complications Wél/e to be addressed. First,
the basket of disaggregated goods varies acroshivemk years, so some way of
deriving a common basket will have to be found gguations (7-10) will need to have a
common basket of goods).

A second problem with our proposal is that it woaldy provide a growth rate
for the horizon between successive ICPs (eitheyéans, or over five years, in the future
if ICPs are conducted every five years). There moll be a high frequency (i.e. annual)
growth rate. But in assessing whether this is anlags, two points should be kept in
mind: annual data seem particularly problematiahbee of the current extrapolation

methodology. Moreover, the motivation of the PWToisnake meaningful comparisons

32



of standards of living across countries at a gpeimt in time. Taking long averages
seems to preserve this scope but high frequeney(dapecially annual frequency
comparisons) becomes unusable.

A third problem relates to samples. For 1985 ar@gb18ut especially for
previous benchmark years, the sample of countolewliich ICPs have been done
remains limited. How to derive the chained growtimivers for a larger enough sample
of countries going back before 1985 or 1980 needkér thought.

Once we have a chained growth estimate of thewgpbave proposed, this is
how we would envisage the use of different PWT GieRes. First, for pure cross-
country comparisons of the level of per capita megpresearchers should use the
estimates from the different benchmark years. Tiastesearcher wants to compare
incomes across countries in 2005, the benchmairkast for 2005 should be used. If the
time period is 1996, the benchmark estimate froenl@P estimate of PWT 6.1 (not 6.2)
should be used. And if the time period is 1985 dbtmate from PWT 5.6 for 1985
should be used. The key message here is that cesesshould use that version of the
PWT that is closest to the timing of inquiry anadgld NOT use the most recent version.
That is, if the year of inquiry is 1985, the mostent PWT series (PWT 6.1 or 6.2)
should NOT be used because the level estimatedt lh PWT 6.1 and 6.2 is NOT at
international prices. Of course, if the year ofumy is say 1990, researchers could use
either the PWT 6.1 estimate for 1996 or the PWTesitmate for 1985.

Second, if the object is intertemporal growth congums, especially growth over
the medium and long run, researchers should useethechained growth estimates that

we have proposed. Of course, these chained grastithages could in principle lead to a

33



level GDP series (at least for the benchmark yehed)is at a common international

price. Thus, based on a chained growth estimatedbas 1985 and 1996 ICPs, we could
have a chained level estimate for 1985 that apgiesmew growth estimate to the level
estimate in 1996, and extrapolates backwards. ©coumld have a new chained level
estimate for 1996 that applies the new growth estegnto the level GDP numbers for
1985. But for pure cross-country comparisons, waldiarge that researchers not use the
level estimates derived from this chained growttcpdure. Rather, they should follow

the suggestion in point 1 above.

8. Conclusion

There is considerable variation in the level armir\gh of PPP-adjusted GDP
estimates across alternative versions of the PeoridWable. This variation stems in
part from changes to underlying national incomeoaats data but is also systematically
related (inversely) to the size of a country anthedistance of the data from the
benchmark data. Because this variability is intdns the PWT methodology there is
little basis for knowing whether newer versions laeéer than older versions. In fact, the
distance from benchmark finding suggests that aryemwew version, historic data tends
to become more variable.

This variation is enough so that some standardtseisuthe growth literature are
not robust across alternative versions of the Tathbevever, it does appear safe (from a
Table Invariant point of view) to use PPP GDP laleg#h, i.e., looking at cross-sections.

Long-run changes, e.g., over 30 years, also appdse robust. Medium-run growth
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rates, e.g., 10 year panels, may also be safeuglthwe flag this as a point for further
investigation.

It is not safe, in a Table Invariant sense, gehetaluse annual data from the
Penn World Table. The exception would be for coastwith quality grades of A and B
or if there is a good instrumentation strategygemneral, annual data from non-OECD
countries should be treated with a very large gohisalt.

Thus, growth studies should demonstrate robustoedifferent versions of the
PWT. Where possible, robustness should also be msnaved for samples of countries
for which benchmark data are available and for dasng@xcluding the small countries or
those with a quality grading of C or D. If resutis not survive one or both of these
checks, a much bigger health warning should ati@aemy policy implications.

We also found, surprisingly, that GDP data from BWT are not at PPP prices.
To overcome this problem as well as the systemvati@bility (with respect to country
size and distance from the benchmark year) of the Gumbers, we suggested an
alternative approach to calculating GDPs whichdweptual limitations but which
may be easier to implement in practice. It is ohihe remarkable features of the PWT
exercise that each new version of the data leads sdmost complete discarding of
international price data from previous versions previous ICP studies. Our suggestion
would avoid this problem. Moreover, by using estesebased on actual ICP prices, the
proposal would avoid using extrapolations for &ias other than the benchmark year,
extrapolations which do not fully preserve theispirat all comparisons of the standard
of living should be at international prices. Thare drawbacks to our proposed approach

— particularly as it would reduce sample sizesland the period under consideration —
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but given the substantial disparity in growth esties between our suggested approach
and the current PWT approach, we strongly sugpastésearchers consider adding it to
their robustness-checking toolkit. Indeed, a pramgistep in this direction is in Feenstra
and Rao (2009).

It remains to be seen how version 7.0 of the PenndM able will confirm or
change any of this assessment. It is also unalbather that version will definitively
supersede all previous versions (and all altereatiincluding the World Development

Indicators.)
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Technical Appendix 1
The Penn World Table Calculation of the Level and Growth of PPP-Adjusted GDP

We outline below, the construction of the purchaseer parity (PPP)-adjusted level of
GDP and its growth rate. In the process, we higihlspme key and relatively unknown
facts about PWT data construction. The descrigtiglow refers to version 6.1 of PWT.

The procedure used by PWT to construct PPP-adj@#es can be stripped down to
three main steps as shown in Figure Al. In the $iesp, international price levels and
PPP-adjusted GDPs are calculated for a benchmark(fge PWT 6.1 in 1996). In the
second step these benchmark international prieesxdrapolated backward and forward
to produce PPP time series for each country coresdd&inally, in step 3 PPP-adjusted
GDP levels and growth rates are calculated foc@lhtries and years using the relevant
PPPs from step 2.

Figure Al: Constructing PPP-Adjusted GDPs

Step 1 Step 2 Step 3
PPPs & PPP-GDPs PPP extrapolations PPP-GDP growth
in Benchmark » to Non- Benchmark » rates and levels for

Year 06) years $0’-95’; 97°-00") all years

Next, we look into each of the three steps focusimgvhat is essential in the final
construction of the PWT series.

Step 1. Obtaining PPPs and PPP-adjusted GDPsfor the benchmark year

All calculations start for a benchmark year (thary®r which detailed price data are
collected; for PWT 6.1 in 1996) and for benchmavlrdries (the countries which
participate in the International Comparison of Esi®rogram (ICP)); that is, benchmark
countries are those for which actual and detaitezkpata are collected.

The raw data for calculating PPPs for the benchmesgk are:

19 Special procedures are used for certain cour(iresChina and India) at various stages. These
are not described here and the interested readedwised to consult the technical appendix to the
PWT 6.1.

2 See Table 1 for a list of benchmark years andlmeack countries used for different versions
of PWT.
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1. Expenditures in local currencigsq); (obtained from the national income
accounts), whererefers to categories of goods and serviceg amdhe country;
In PWT 6.1 there were 31 basic categories of gandsservice$.
2. The individual priceg; for these basic goods and services categoriescim e
country covered in the ICP exercise.
Dividing these expenditures by the individual psiggeld notional quantities for each of

the categories (i.@; = (PQ); / pj )-
These data are used to derive two sets of intemmalfprices:

1. A set of international prices for each of the (Badegories of goods and services
(71)); that is these prices are the same for eachtefosy for all countrie®
2. A purchasing power parity for each countpy)( PPPs for each country.

How are the f2;)s and fl;)s derived? They are obtained from a system of two
simultaneous equations which is also known as #ery5(1958) and Khamis (1972) (GK
thereafter) aggregation procedure. These equaditiogy from the definition of the two
prices as follows:

Py d;
T = | — 1
" ;[DIJZ% W

Equation (1) defines the international price focreaommaodity. The first expression on

the right hand side—%) is the price of a category of goads countryj deflated by that
i

country’s purchasing power parity, and the sec%‘%) is the share afin countryj
d;
j

in the world consumption of that good. The equatiakes clear that the international
price for each the 31 commodities is the weightestage of their domestic prices, where
the weights are the share of each country in tetald consumption of that commaodity.
Table Al, at the end of this appendix, provideBrgpke 2-good, 3-country example that
illustrates the GK procedufré.

L Expenditures are multiplied by ‘super—country viatsgyused by PWT to minimize the
differences in results from adding or subtractingrdries in the aggregation. For details on these
weights see the technical appendix to the PWT1§-7 and Table 1).
?2 International prices for each category are exgasslative to the U.Sp; s = 1 for everyi.
% In the example, in Table A1, take the equatiorfdod:
10/PPR + 10/PPR + 12/PPR = 7*Piood

Here the expenditures on food in domestic pricethbythree countries are 10, 10, and 12
respectively. From the example, information on dii@s and prices in each country can be used
to express the equation in the following manner:

1 *10 /PPR + 2*5 /PPR + 4*3/PPR = 7*Pisoq

1 *(Pa oo PPR)+ 2*(Pg t00d PPR)+ 4* (Pc f00d PPR)= 7*Prooq

(continued)
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2:(pQH
| =
P 275G,

Equation (2) defines the price level of a countryt® purchasing power parity (PPP).
These relative country prices are the heart oPMA', subsequently used to produce
cross-country comparable GDP measures. For eactirgpthe total expenditure in
domestic prices divided by the sum of expenditoresach commaodity at international
prices yields the PPP for that courtty.

(@)

As a result of the GK procedure, in PWT 6.1 theeeiaternational prices for 31
individual commodities, denoted agi}s, and a set of country specific PPPs, denoted as

(pl)s.

A final point is worth making here. The 31 categerof goods and services are also
placed into 3 more aggregate categories correspgndithe three basic categories of
Domestic Absorption (DA)—Consumptiof), Investmentl(), and Governmen(). For
each country, the country specific purchasing power paritiesGpl, andG (plg;, pljj,
plg)) are also calculated. These will vary across tasisimply because the
composition of the 31 categories of goods and sesvffor which there are common
international prices) will vary across countriés.

I%od: 1/7*( PA,food/PPR) + 2/7*( %,foocﬁlppl:é) + 4/7*( PC,fooc/PP%)
In other words, the international price of foog{f is the weighted average of the individual
domestic prices, where the weights are the shagadf country in total world consumption of
that commodity. Evidently, the international prigi#l be closer to the domestic prices of those
countries that have a larger weight in consumpsiod be different from the prices in the smaller
countries. This is called the Gerschenkron efféarschenkron, 1947).
4 Once the PPPs are calculated for the benchmarkresifor the benchmark year, the PWT
proceeds to calculate the same for non-benchmanktcges. This is done essentially through a
two-step regression procedure, which yields coeffits which can be used to estimate the PPPs
for non-benchmark countries. For the purpose afphiper, the estimation procedure is not
relevant and is therefore skipped.
% There are also historical data on PPPs obtaimed firevious ICP rounds. For example, while
for PWT 6.1 the ICP was done for 115 countriegtieryear 1996, a similar exercise was done in
1985 for 64 countries for version PWT 5.6. Thes851BPPs can be extrapolated using national
income accounts deflators for consumption, investraad government, to yield “PPPs” for
1996. So, for a number of countries, there areipialtiata on PPPs for the benchmark year
(1996). The PWT then utilizes a weighting methadtf@se multiple data sources to arrive at a
final set of international prices or PPPs for tleary1996 for all countries (see pages 9-11 of
technical appendix to the PWT 6.1 for details).
% To demonstrate this, take the example in Tablard assume that food is 50% consumption
and 50% investment and that haircuts are 100% timerg. The PPPs for consumption and
investment for country A will be calculated as dols:
Real consumption expenditure (at internationalg®ic= quantity * price = 0.5 * 3.76 = 1.88.
Hence PPP for consumption, according to equatiprig2he expenditure at domestic prices
divided by the expenditure at international priagsch is (0.5*10)/1.88 = 2.66.

(continued)
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These prices are used to calculate the PPP-adjG®2&s for the benchmark year. GDP
is calculated as the sum of real domestic absargtreeasured at international prices)
plus the net foreign balance. The constituent etesnef domestic absorptionc;-1, and
G—are also measured at international prices by pilyilig the quantities of @, andG
by their respective international price obtainedwat

RealC) = 7nc*qc, (3)

where Realf;) is consumption at international prices, is international price of
consumption and . is the notional quantity of consumption. By a $anprocedure redl
and realG are produced. Summing these three yields real stocrebsorption as follows:

RealPA)) = Real()) + Real(j)) + RealG) (4)

RealGDP)) = RealDA)+ NFB;, (5)
where RealDA)) is domestic absorption in international pricesdountryj, RealGDP)
is PPP-adjusted GDP and NFB is Net Foreign BalaXote that the net foreign balance
does not require the calculation of PPPs becawesartivolve all traded goods.

Step 2: Calculating international pricesfor the non-benchmark years

Once PPPs for the benchmark year are calculated®\MiT extrapolates these PPPs
going forward and backward in time. How does isd@ Take PWT 6.1 and the year
1995, which is one year before the benchmark year1995, the PWT obtains nominal
expenditures for the three components of domebgormtion—consumption, investment
and government—from the national income accourfies& can be denoted as igm
noml; and non&;,wherej refers again to the country and the values af®all995. Each
countryj will also have a price level associated with@i, andG (plg;, plj, plg;,
respectively) for 1995. These are just the 1996sHBPeach of these categories,
calculated as shown above, deflated by the priaagd between 1995 and 1996 @,
andG, where the price changes are obtained from ndtioo@me accounts.

These extrapolated domestic prices for the thregpoments of domestic absorption
obtained plc, pl, plc) are the equivalent of the detailed price datéectdd for the
benchmark year. However, unlike in the case ob#mchmark year where detailed

prices collected for a large set of commoditiestiiér non-benchmark years, each country
has only three sets of international prices.

With these prices and with national income datal&85 on consumption, investment
and government expenditures, the PWT uses the @kegagtion procedure to calculate
international prices7js forC, I, andG, as well as the PPPgl)s for all countries exactly
asin step 1.

Similarly, PPP for investment = (0.5*10+ 10*1)/(68%+10*0.8) = 1.52,
By a similar process, PPPs can be calculated famtdes B and C.
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These international prices are then used to corweagumption, investment, and
government expenditures at domestic prices interdipures at international prices as in
equation (3) in step 1.

Step 3: Calculating the Level of PPP-adjusted GDP and its Growth ratefor non-
benchmark years

Step 2 yields, redl, reall and realG for all countries for non-benchmark years. How is
the level of PPP-adjusted GDP then calculatedfaal©95? Essentially via a circuitous
procedure that first calculates the growth ratdarhestic absorption between 1995 and
1996 at international prices and then appliesghisvth rate to the 1996 level of
Domestic Absorption§A) to derive the level of DA in 1995. To this, thetforeign
balance for 1995 is added to obtain the level d?fRjusted GDP for 1995.

The Chain Series

RealDAgrowthys.gg); = (shar€ in DAgs); * (nomC growthys.gg);
+ (shiaireDAgs); * (noml growthys.gg);
+ (sha&in DAgs); * (nomG growthys.ge); (6)

RealDAgs); = RealDAgg); / RealDAgrowthys.ogj  (7)
RealGDPgs); = (DAgs); + (NFBgs);  (8)

where [RealDAgrowthys.gg)] is the growth of domestic absorption in interoatl prices
between 1995 and 1996 in countrynomC growth] is the growth of consumption
expenditure in domestic price values, and [sGaneDA|] is the share of consumption in
domestic absorption in international prices.

Three points are worth emphasizing about equaéprHrst, the growth rates oéalC,

I, andG (nomX growthys.g¢), are from the national income accounts and mafslyot
change across PWT versions. Because they are fational income accounts, these
growth rates are at domestic not PPP prices. Howtweweights assigned to each of
these components, the shares of each componeainadtic absorption (shatén DAgs),
are measured at international prices in 1995 warelhobtained from steps 1 and 2; - i.e.
(shar€ in DAgs); = Real(C;) / RealDA)) = n.* q./ (RealC) + Real(;) + RealG)).

Second, the PWT computes two PPP-adjusted GDPs &éttie chained series
(RGDPCH) which is the most commonly used and theerecommended by the authors
of the PWT, and an RGDPL (or Laspeyre’s seriesg difference between the two is
simply that in the RGDPCH, the shares change feryeyear the growth rate is

2" There is a third series called RGDPTT which isdistussed here.
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calculated; hence note that the shares are timgtisen In contrast, in the RGDPL series,
the shares remain the same for all years and arghtfres (calculated at international
prices) for the benchmark year. Therefore, wherPWA is revised, the shares are
revised for the benchmark year and all subsequeansy But for the RGDPL series, the
changes in non-benchmark years are not relevant.

Third, this leads to understanding why the groveties differ between the two series in
the PWT and in turn how these differ from the PERisted growth rate calculation in
the World Development Indicators. In the WDI, thhewth rateswill typically NOT

change across revisions (other than to reflectsiens of national accounts) because the
growth rates are calculated from the national ine@wocounts. In terms of equation (4),
PWT and WDI use the same numbers for real consomgtivestment, and government
growth, all obtained from the national income acusult is the shares that are different:
in the WDI, these shares are from the nationalnmeaccounts themselves, and therefore
measured at domestic prices, and change with fon¢he RGDPL series, the shares are
at international prices but fixed at the levelshef benchmark year; for the RGDPCH
series, the shares are at international pricexhadge every year based on changing
international prices every year.

Steps 2-3 are then repeated for each of the ye&wseband after the benchmark year to
yield PPP-adjusted GDP growth rates and levelsiese years.
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Table Al: A Simple Examplefor Calculating PPPs and PPP-Adjusted GDPs

Basic data

Commodities Country A Country B Country C Total
Quantity Price  Expenditure | Quantity Price Expenditure| Quantity Price Expenditure| Quantity

Food 1 10 10 2 5 10 4 3 12 7

Haircuts 10 1 10 12 1 12 15 1 15 37

Total 20 22 27

Currency Rupees Pesos Dollars

exchange rates 3per$ 2 per$

Geary-Khamis procedure (Need to Find PPP for each country and International price for Food and Haircuts)

For each commodity:

For Food
For Haircuts

For each country:

For country A
For country B

For country C

Each country's expenditure at national prices divided by PPP for that country

yields total expenditure on that commodity at international prices

10/PPP, + 10/PPPg + 12/PPP¢ = 7*Pjo0q

10/PPP, + 12/PPPg + 15/PPPc = 37*Ppous

The sum of expenditures on each commodity at international prices
is the real expenditure divided by the national PPPs

1*Prood ™ + 10*Phous ™ = 20/PPPA
2*Piood ™ + 12%Ppeus ™ = 22/PPPg

A*Prooq ™ + 15*Ppus M = 27/PPP.

Since expenditures on all commodities equals that by all countries, there are 4 equations
with four unknown, with one price PPP¢ being the numeraire and set at 1.

The system yields the following solution:

Country A
Country B
Country C

Pfuod nt_ 3.76

Phcut " =0.8

PPPg =1.28

PPP, = 1.69

Real GDP at PPP Real GDP at Market

exchange rates

20/1.69 =11.83
22/1.28 =17.19

27

exchange rates
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Technical Appendix 2
Variability of PPP-Estimates with respect to Size and Distance from Benchmark
Y ear

Variability of estimate and size

In thinking about the variability of the estimatasd trying to locate its causes, it is useful
to recall the sequence for constructing the esamalhen a revision to the PWT occurs,
the PPPs, and hence the GDP figures, change ftwetitghmark year due to the GK
aggregation procedure. Next, the PPPs are chaogédef non-benchmark years. This
leads to a change in the share of @ateall, and realG for non-benchmark years. Since
these shares are used to construct the growtlofrat@mestic absorption, this is the
channel by which GDP growth rates change acrossioes.

The regressions in Tables 4 and 5 showed that @# &nd growth revisions were
significantly related to the size of a country asxeed by its level of GDP; more
specifically, the smaller the country the larger thsulting revisions. Why is this the
case? Recall that growth revisions happen becaesehares of the three components of
absorption change across PWT versions. In tuasetlshares change because the PPP
estimates for the non-benchmark years changeh8auestion becomes why do PPP
estimates change more for small countries thathtarge ones?

A formal answer to this question is provided by Rad Selvanathan (1992). They show
that the PPPs and international prices can beaewamrighted averages, which makes it
possible to interpret them as estimators of pararad¢tom appropriately specified
regression models.

The Geary-Khamis system can be represented irotlosving regression model:

2= pPP 4 u, ,i=12,...,N (1)

ij

b2

where pis the international price of good §; the price of good i in country j, PPiRe
purchasing power parity for country j, andisia random variable with zero mean and

. “Fr

variance ¥,

If the following assumptions are made about therestructure:
E(u:-,-) =0

v (‘15;'}-) = O’Eftpi.jq:.jj
E(H'i'_."u’lk) =10
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forall; j /[ kandi#[j#k

The generalized least squares estimator (GLER# is given by:
N r

i B .|II N
PPP, = (Z P;q;;j/ (Zi Pf;q:;)

By re-arrgnging equation (2)

PPe;= ) wis (/)
i=1

(2)

3)
the PFA’Pj can be interpreted as a weighted average of teenitional prices where the
weights are the share of commodity i in countny fatal expenditures in that country

_ Pya,
w., = Dii
: /Z P 0

With this system, it then also becomes possibksgess the reliability of the estimate of
the PPPs. Thus, the standard error associatedF?ﬁﬂp is given by:

i=1

SE(PBP,) =

(4)

Equation (4) (equation (5) in Rao and Selvanati&9%)) shows that the standard error

is inversely related to the total consumption exjiteme in country j&~"“*“. The smaller
the country, the less reliable is the estimatésoPPP, 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 PWTaighe GDP estimates for the non-
benchmark years are basedextrapolatedPPPs. It is striking for example, that in PWT
6.2 and 6.1, the calculated GDPs for 1985 do netagtual international prices that were
available from the benchmark studies from PWT Bi$§tead, the calculations for 1985,
start with the 1996 benchmark data and extrapola@e#dward using national income
accounts data and the aggregation methods ouilingteéps 2 and 3.

So, the question arises, does a new PWT versiondaronore reliable data for
years other than the benchmark year? In Tablesag&Saw that the variability of the
data between versions may actually increases ttteefaaway one gets from the
benchmark year. A heuristic explanation for thispdmenon is the following. Take
1995, the first non-benchmark year in PWT 6.1. Ga&leulations of the international
prices for 1995 are estimates based on the adtical gata for 1996. So, some error is
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added to the 1995 estimates. If we take this baekmore year to 1994, we know that
1994 international prices are in turn estimatedhfd®95 numbers. This adds one more
layer of error. Relative to the benchmark year 198ére are two sources of error for the
1994 estimates, and so on. This error structuneggoack in time is analogous to the
error structure going forward imposed by many fasting exercises. It would therefore
not seem surprising that estimates are more varihbel farther away from the benchmark
year (see the pronounced funnel shape of Figure 7).

A slightly more formal version of this argument damade based on the findings of
Rao and Selvanathan (1992). Going back to equédioabove, we see that the standard
error of the GLS estimator for the PPPs is not melated to the size of a country (noted

above) but als6I ©, where this is an estimate of tﬁebased on the GLS residuals in

eqguation (1) above. The greateFTr-q the greater will be the variability of the estie®
of the PPPs.

Note that under the PWT procedure equation (33tismated every year sequentially,
starting with the benchmark year and going backwai forward. So, every year as

random error is added in equation (1), the variaiéeincreases. That is, the variance

of &'u_'for 1995 (the first non-benchmark year) is lessitfuat 1994 which is less for 1993
and so on. Correspondingly, the standard errotiseoéstimates of the PPPs increase as
we move away from the benchmark year which resultise funnel shape in Figure 7.
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Technical Appendix 3: Growth Rate Measurement in the PWT

How are growth rates computed in the Penn Worldélalbo answer this question and
focus on the key points, we assume that GDP coegdsnsumptiond) and investment
(1) and is hence equal to domestic absorptiaf)(

One consumption and one investment good

We start with the case where there is only onewnpsion and one investment good.
First, some notation. The quantities of these ga@wdsienoted by small case letters, ¢
and i, respectively. Subscripts, which apply owlyalue and price variables, refer to
whether they are measured at domestic or intemeadti@ae. purchasing power parity)
prices. Thus RBmrefers to domestic price angRo international prices. Superscripts
refer to the year of measurement, and can eithérdeurrent year (T) or the base year
(B). For example, Edenotes real consumption for the year T. For tieepvariables,
there will be two superscripts, the first referrboghe year of measurement and the

second to the good (consumption, c, or investmperthus P2 refers to the price of the
consumption good measured at international pricethe base year.

Thus GDP DA = C+ | = (1)
/ T |nt L‘ACdom |nt fl dom (2)
T T
Ylnt dom Y|nt dom

Equation (2) simply says that GDP growth in yeas & weighted average of growth of
consumption and investment. In the PWT’s chairesefiRGDPCH), the weights are the
shares of C and | in domestic absorption measuredreent international prices. So, if
the growth rate is calculated for the period 1993994, the weights are at 1993 PPP
prices obtained from the Geary-Khamis aggregatroggdure described in step xx in

ACT Al T
Appendix. Note that the growth rates ofC(:l(*) and | | T ) are obtained from
dom dom

the national income accounts and are thereforeraedtic base-year prices, where this
base-year could vary across countries.

Equation (2) can be re-written as:

TC BC Ti
/ T P|nt EAC dom P|nt EAI dom
YT CT P BC YT | P Bi

int dom int dom

which in turn simplifies to:

v = (AC RthCY': Ai P|r:tl)

int

3)
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Equation (3) shows that the PWT chain series fergitowth rate essentially involves
valuing the additions to (the quantities) of congtion and investment at current year
international prices. This is a chain-weighted mbecause the prices used for valuing
these additions change every year.

As a result, the RGDPCH series does not use ben&hyeaar international prices; it uses
current year international prices that are obtaindle PWT by extrapolating from the
benchmark years (see Appendix) and applying the &dtegation procedure. These
prices change with every revision as shown belogvtha revisions are not random but
systematically related to country attributes.

A second feature of these current year internakipnees is that they are calculated at a
highly aggregated level, namely at the level ofraggte consumption and investment.
For the benchmark year, aggregate consumptiontésnesa by adding up consumption of
the different goods for which disaggregated pria&adre available. For non-benchmark
years, it is as if there is only one consumptioth @ane investment good.

Does this aggregation affect the calculation ofaghorates? Suppose that there are two
consumption goods and one investment good. The epthe PWT suggests that all
three goods should be valued at international priBet how are they actually valued? If
we had disaggregated international prices, we a#&e down how growth of DA should
be computed. Essentially, equation (2) should beriteen to take account of the extra
consumption good. Thus,

. (ACTlpir']l'tl _l_ACTzPiItz +AT Pertl)
= 7

int

(4)

Now, the second superscript is 1 or 2 for the tamastimption goods and i for the
investment good. Equation (4) is just an extensfoequation (3) and says that GDP
growth is obtained by valuing each of the quantfignges (to the consumption goods
and investment good) at their respective curreietimational prices.

But for non-benchmark years, we do not have disagaied international price data.
GDP growth is measured thus:

v _ Co [ ACg, +ACIE ) | 1y Al
Y' = Yl?t( dO%T dom +Y'—’}t#f°m which can be simplified to:

int dom int dom

- (CTl +CT2)§TC (ACTl PBL 4 ACT2 Psz) AT Bi
+ and further to:

YT - int dom’ dom ~~dom’ dom dom
Y":t (CTl +CT2)PTC vT pB

dom int dom
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~ B1 B2 T Ti
% =L{Acﬂ[—§‘szﬂ D?JSJ +Ac“(—§’;z‘ Eﬁj} S )
dom dom int

Equation (5) shows that each of the quantity chamggalued not at current year
international prices (as in equation (4)) but ahedybrid of domestic and international
prices. The bar sign over a variable denotes thiafars to the composite good as does
the second superscript C. The price term in bradioetthe two consumption goods

PBC

dom

PBl
consists of {( == j}which is the domestic relative price of that gotidh( is, it the

domestic price of good 1 relative to the averageepsf the composite of goods 1 and 2);
and P Cis the average international price of the compasfigoods 1 and 2.

To more clearly identify the difference between B@P growth ought to be measured
and how it is, we can take the difference betwegragons (4-5), which yields:

v B [ B PR e BE_BRY
YT PTC PBC PTC PBC

int int dom

This equation shows that the difference betweenvibedepends on how different is the

B1
relative price of a consumption good at domesticesr (=222 ) from its relative price at
dom
T1

international prices-2--). Note that this difference will vary across tilmecause

int
domestic prices are computed for a fixed base ggridnich can be different across
countries) while the international prices are cotrggrices.

We know that this difference in the relative prie@l vary systematically across
countries. It will be greater for smaller countriescause under the G-K procedure
domestic prices of larger countries have a greadgght when computing international
prices. This is the Gerschenkron effect. Thus, @Bfvth rates are likely to be measured
with greater error (relative to the true growtrertitat is consistent with the spirit of the
PWT as represented in equation (4).) for smallentizes.

A second problem is that the farther away T is ftbmbase year, the greater the

discrepancy. Hence growth rate calculations forgyéather away from the benchmark
year are likely to have greater measurement error.
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Table 1. The Evolution of the Penn World Table

PWT Version Benchmark Year Year Released Counimidse PWT
1.0 1970 1980 119
2.0 - - -
3.0 1975 1984 115
4.0 1980 1988 128
5.0 1985 1991 134
5.6 1985 1995 151
6.1 1996 2002 168
6.2 1996 2006 188
7.0 2005 TBD TBD
ICP Phases Year(s) Number of Countries
Phase 1 1970 10
Phase 2 1973 16
Phase 3 1975 35
Phase 4 1980 61
Phase 5 1985 62
Phase 6 1996 115
Phase 7 2005 146
Notes:

Penn World Table, Version 2, was never releasdterd are some discrepancies in these
numbers across different PWT sources. This tadds information from the datasets
themselves and the PWT 6.1 appendix. Other infaomatan be found in the various
papers published along with releases of versionseoPenn World Table.
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Table2: Average Growth Rates between 1975 and 1999: African Countries

Top 10 Countries

[92)

[2)

o

PWT 6.2 PWT 6.1 Countries Not Appearing on Both List
Country Growth| Country Growth
Botswana 4.5% | Botswana 5.1% Congo, Republic of
Equ.Guinea 4.0%| Cape Verde 4.7% Equatorial Guinea
Cape Verde 3.7%| Mauritius 4.3% Ethiopia
Egypt 3.7% | Egypt 3.7% Malawi
Mauritius 3.7% | Tunisia 2.5% Mali
Lesotho 3.5% | Uganda 1.7% Mauritius
Tunisia 2.7% | Morocco 1.7% Uganda
Mali 2.0% | Lesotho 1.5%
Ethiopia 1.6% | Congo, Rep of 1.5%
Morocco 1.6% | Malawi 1.2%
Bottom 10 Countries
PWT 6.2 PWT 6.1 Countries Not Appearing on Both List
Country Growth| Country Growth
Gabon -2.6%| Equ. Guinea -2.7% Chad
Zambia -2.1% | Mozambique -2.4% Cote d'lvoire
Madagascar -1.99% Zambia -1.8% Gabon
Togo -1.7% | Comoros -1.6% Guinea-Bissau
Guinea-
Bissau -1.4%| Madagascar -1.4% Mauritania
Comoros -1.2%| Cote d'lvoire -1.4% Mozambique
Niger -0.7% | Niger -1.3% Namibia
Nigeria -0.5% | Mauritania -1.3% Niger
Chad -0.5% | Togo -1.0% Nigeria
Mozambique| -0.4%| Namibia -0.9% Togo
Country Switching Lists: Equ. Guine
Notes:

This table presents the countries with the topridtzottom 10 average growth rates between 1975 and
1999 calculated using PWT 6.2 and PWT 6.1 GDP @&&DPCH). Seven countries appear on the top
10 list for one dataset but not the other. Ten teemappear on the Bottom 10 list for one dathsenot
the other. One country, Equatorial Guinea, switdiss. According to PWT 6.1, it is the worst-
performing country; according to PWT 6.2, it is 8exond highest performing country.
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Table 3. Explaining Differencesin Price L evels Across Datasets

Dependent variable — Abs(differencein log P)
[1] [2] [3] (4] [5] [6] [7]
Estimation OoLS
Dataset Comparison . PWT6.2vs. PWT6.1
Sample 1970to 1999

PWT Grade (D=1...A=4) -5.657***

[-15.0]
Total ICP Studies -2.409%** 0.964***
[-13.0] [3.60]
Log(GDP) -2.091%** -0.916%+
[-10.1] [-4.65]
Abs(Difference in NA GDP) -0.00220* 0.00846***
[-1.69] [6.61]
Abs(Difference in NA GDP Growth) 0.799** 0.496***
[6.87] [4.91]
Distance from Benchmark 5.579**  10.96***
Year, in Decades (1996) [11.3] [9.98]
Distance * Total ICPs -2.319%**
[-8.02]
Constant 23.46**  16.11*** 61.86*** 10.45*** 8.073**  3.925**  22.46%**
[20.5] [22.6] [11.7] [31.3] [22.2] [9.92] [5.07]
N 3016 3016 3016 3016 3016 3016 3016
R-squared 0.085 0.062 0.058 0.000 0.057 0.062 0.198

Notes:

The dependent variable is the absolute value of the difference in the log-level of prices (P) across PWT 6.2
and PWT 6.1. The variable PWT grade can take on four values, 1-4, with 1 representing the worst PWT
rating of D, and 4 representing the best PWT rating of A. Total ICP studies refers to the number of ICP
studies a country has participated in. GDP is total GDP and is measured at purchasing power parity. The
distance variable is calculated as the absolute difference between the year of the observation and 1996
(i.e., abs(t-1996)), and is divided by 10 to express the variable in decades. 1996 is the "Benchmark Year"
used in constructing both PWT 6.2 and PWT 6.1. The sample consists of the 104 countries in the “Long
Run Sample” used in other tables and figures. ***, ** and * indicate significance at the 1%, 5%, and 10%
levels, respectively. Robust t-statistics in brackets.
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Table 4. Explaining Differencesin Levels of GDP Per Capita Across Datasets

Dependent variable — Abs(differencein log per capita PPP-adjusted GDP)
[1] (2] [3] [4] (5] (6] [7]
Estimation OLS
Dataset Comparison E— PWT6.2vs. PWT6.1
Sample 1970 to 1999

PWT Grade (D=1...A=4) -4.036***

[-18.0]

Total ICP Studies -2.319%** -0.733**
[-18.1] [-3.39]

Log(GDP) -1.758% -0.452%%
[-13.6] [-3.25]

Abs(Difference in NA GDP) 0.00118 0.0121**
[1.05] [11.1]

Abs(Difference in NA GDP Growth) 0.752*** 0.534***
[7.35] [5.21]

Distance from Benchmark 2.456*** 4.813%**
Year, in Decades (1996) [6.99] [7.05]

Distance * Total ICPs -1.074%
[-6.10]

Constant 21.69%** 17.90*** 55.67*** 12,21 %** 10.21%** 9.495%** 20.32%**
[30.7] [35.4] [16.8] [45.7] [33.5] [23.7] [6.01]
N 3016 3016 3016 3016 3016 3016 3016

R-squared 0.070 0.091 0.066 0.000 0.081 0.019 0.1¢

Notes:

The dependent variable is the absolute value of the difference in the log-level of GDP across PWT 6.2 and PWT 6.1.
The variable PWT grade can take on four values, 1-4, with 1 representing the worst PWT rating of D, and 4
representing the best PWT rating of A. Total ICP studies refers to the number of ICP studies a country has participatec
in. GDP is total GDP and is measured at purchasing power parity. The distance variable is calculated as the absolute
difference between the year of the observation and 1996 (i.e., abs(t-1996)), and is divided by 10 to express the variabl
in decades. 1996 is the "Benchmark Year" used in constructing both PWT 6.2 and PWT 6.1. The sample consists of tt
104 countries in the “Long Run Sample” used in other tables and figures. ***, ** and * indicate significance at the 1%,
5%, and 10% levels, respectively. Robust t-statistics in brackets.
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Table5. Explaining Differencesin Growth of GDP Per Capita Across Datasets

Dependent variable > Abs(difference in growth rate of per capita GDP)
[1] [2] (3] [4] [5] [6] [7]
Estimation OLS
Dataset Comparison EE— PWT6.2vs. PWT6.1
Sample 1970to 1999
PWT Grade (D=1...A=4) -1.716%**
[-17.8]
Total ICP Studies -0.678*** -0.0598
[-14.0] [-1.50]
Log(GDP) -0.784%* -0.0990%***
[-16.1] [-3.65]
Abs(Difference in NA GDP) -0.00262*** 0.000377**
[-7.39] [2.02]
Abs(Difference in NA GDP Growth) 0.842%* 0.825**
[26.6] [24.6]
Distance from Benchmark 0.366*** 0.0416
Year, in Decades (1996) [3.21] [0.37]
Distance * Total ICPs -0.0106
[-0.37]
Constant 6.767*** 4.409%** 22.12%** 2.962*** 0.432*** 2.355*** 3.020***
[22.6] [23.6] [17.5] [30.2] [6.32] [15.4] [4.25]
N 3016 3016 3016 3016 3016 3016 3016
R-squared 0.093 0.058 0.096 0.005 0.747 0.003 0.750
Notes:

The dependent variable is the absolute value of the difference in the growth rate of GDP across PWT 6.2 and PWT
6.1. The variable PWT grade can take on four values, 1-4, with 1 representing the worst PWT rating of D, and 4
representing the best PWT rating of A. Total ICP studies refers to the number of ICP studies a country has
participated in. GDP is total GDP and is measured at purchasing power parity. The distance variable is calculated
as the absolute difference between the year of the observation and 1996 (i.e., abs(t-1996)), and is divided by 10 to
express the variable in decades. 1996 is the "Benchmark Year" used in constructing both PWT 6.2 and PWT 6.1.
The sample consists of the 104 countries in the “Long Run Sample” used in other tables and figures. ***, ** and *
indicate significance at the 1%, 5%, and 10% levels, respectively. Robust t-statistics in brackets.
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Table 6. Differences Between PWTs6.2, 6.1, and 5.6

Annual Growth Rates Decadal Growth Rates Long-Run Growth Rate

1970 to 1990 1970s 1980s 1970-1990
GDP (RGDPCH)
PWT 6.2 - PWT 6.1
Avg GR (6.2) 1.6% 2.2% 1.0% 1.6%
Mean Difference 0.0% 0.0% 0.0% 0.0%
SD Difference 5.3% 1.7% 1.4% 1.0%
PWT 6.2 - PWT 5.6
Avg GR (6.2) 1.6% 2.2% 1.0% 1.6%
Mean Difference 0.1% -0.2% 0.5% 0.1%
SD Difference 5.9% 1.9% 1.3% 1.1%
PRICES (P)
PWT 6.2 - PWT 6.1
Avg (6.2) 62.5 70.4 67.4 65.0
Mean Difference 2.7% 3.3% 2.4% 2.9%
SD Difference 20.7% 23.6% 14.5% 18.6%
PWT 6.2 - PWT 5.6
Avg (6.2) 62.5 70.4 67.4 65.0
Mean Difference -10.2% -9.8% -5.1% -7.5%
SD Difference 27.2% 31.5% 28.9% 29.5%
Obs 2000 100 100 100
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Table 7. Ramey and Ramey (1995) Replication Results

Dependent variable —————— growth of per capita GDP
[1] [2] [3] [4] [5]

Dataset Substitution None None PWT6.2 None PWT6.2
Sample Original Balanced Balanced Balanced Balanced
PWT GradesIncluded All All All AB,C AB.,C
Standard Deviation of -0.177%** -0.151* -0.074 -0.107 -0.132

Growth Rates [2.426] [1.821] [0.94] [1.254] [1.460]
N 2208 1776 1776 1608 1608
Notes:

This table presents a replication exercise of RaameyRamey (1995) by updating their original PW8 &DP data
with PWT 6.2 data. All specifications replicate Tat, equation (1), in Ramey and Ramey (1995) pgfesentation
purposes we focus only on the key parameter - tianiaf growth rate - and omit other parametemeates.
Specification [1] replicates the main result in Rgnand Ramey (1995) using their original data. Sigation [2]
presents the same result using PWT 5.6 after dngpgbservations to balance the data with availabservations in
PWT 6.2. Specification [3] presents our main readiien we replace the balanced sample using PWWishePWT
6.2. Specification [4] replicates [2] when courdrigith quality grading "D" are dropped. Specificat{5] replicates [3]
when countries with quality grading "D" are dropp&d, **, and * indicate significance at the 1%%5 and 10%
levels, respectively. t-statistics in brackets.
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Table 8. Jones and Olken (2005) Replication Results

Dependent variable — Annual Growth rate
Hypothesis — > L eader deaths affect growth (Wald p-value)
[1] [2] [3] [4] [5]
Dataset Substitution None None PWT6.2 None PWT6.2
Sample Original Balanced Balanced Balanced Balanced
PWT Grades|Included All All All AB,C AB,C
Years after leader's death All Leaders
0 0.057* 0.054* 0.093* 0.012** 0.110
1 0.085* 0.122 0.218 0.028** 0.130
2 0.067* 0.133 0.203 0.039** 0.141
Number of leader deaths 57 52 52 45 45
Years after leader's death All Leaders, Tenure >=2 Years
0 0.039** 0.039** 0.04** 0.011* 0.049**
1 0.054* 0.087* 0.140 0.021** 0.068*
2 0.031** 0.076* 0.102 0.023** 0.049**
Number of leader deaths 47 42 42 36 36
Years after leader's death Autocrats
0 0.019** 0.032** 0.199 0.012** 0.304
1 0.016** 0.049** 0.356 0.011** 0.227
2 0.028** 0.100* 0.314 0.026** 0.183
Number of leader deaths 29 26 26 21 21
Years after leader's death Democrats
0 0.460 0.326 0.044** 0.236 0.039**
1 0.552 0.415 0.092* 0.291 0.069*
2 0.432 0.370 0.134 0.359 0.113
Number of leader deaths 22 20 20 19 19

Notes:

This table presents a replication exercise of JanesOlken (2005) by updating their original PWT &DP data
with PWT 6.2 data. All specifications replicateutts from Tables 1ll and V in Jones and Olken (2005
Specification [1] replicates the main result in dsand Olken (2005) using their original data. Sipation [2]
presents the same result using PWT 6.1 after dngppbservations to balance the data with availabservations
in PWT 6.2. Specification [3] presents our mairufewhen we replace the balanced sample using P\WWigh
PWT 6.2. Specification [4] replicates [2] when ctrigs with quality grading "D" are dropped. Spezition [5]
replicates [3] when countries with quality gradifij’ are dropped. ***, ** and * indicate significa at the 1%,

5%, and 10% levels, respectively.
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Table 9. Haussman, Pritchett and Rodrik (2005) Replication Results

PWT 6.1 PWT 6.2 PWT 6.1 PWT 6.2 PWT 6.1 PWT 6.2
(Haussman et Jl. (Haussman et JI. (Haussman et Jl.
ARG 1963 ARG 1963 IDN 1967 IDN 196 PAK 1979 PAK 1977
ARG 1990 ARG 1990 IDN 1987 IDN 198p PAN 1959 PAN 1959

AUS 1961 No break IND 1982 No break PAN 1975 PAN 1975
BEL 1959 BEL 1959 IRL 1958 IRL 1958 PER 1959 PER 195Pp
BRA 1967 BRA 1968 IRL 1985 IRL 198  Nobreak PHL 1970
No break BWA 1984 No break IRN  1966( PNG 1987 No break
CAN 1962 CAN 1961 ISR 1957 ISR  19%7POL 1992 POL 1993
CHL 1986 CHL 1986 No break ISR 1989 No break PRT 1959

CHN 1978 CHN 1977 ISR 1967 ISR 1967PRT 1985 PRT 1985
CHN 1990 CHN 1991 JOR 1973 Nobreak PRY 1974 PRY 1974
CMR 1972 No break JPN 1958 JPN 1958 ROM 1979 ROM 1971
No break CMR 1978 No break JPN 1984 RWA 1975 RWA 1975
COG 1969 COG 1968 KOR 1962 KOR 19p3SGP 1969 SGP  196[7
COG 1978 COG 197¢ KOR 1984 KOR 1984 No break SGP 1987
COoL 1967 COL 1967| LKA 1979 Nobreak SYR 1969 SYR 1964
DNK 1957 DNK 1957 No break LKA 1958 | SYR 1974 No break
DOM 1969 DOM 1969 LSO 1971 LSO 1971SYR 1989 SYR 199]
DOM 1992 DOM 1991 No break LSO 1992| TCD 1973 No break
DZA 1975 No break MAR 1958 MAR 1958| THA 1957 THA 1957
ECU 1970 ECU 1970 MLI 1972 MLI 1978 THA 1986 THA 1986
EGY 1976 EGY 1975 MUS 1971 MUS 1970TTO 1975 No break
ESP 1959 ESP 1954 MUS 1983 MUS 1983UN 1968 TUN 1968
ESP 1984 ESP 1984 MWI 1970 MWI  19FOrWN 1961 TWN 1961
No break ETH 1988 | MWI 1992 MWI 1990 No break TWN 1985
FIN 1958 FIN 1958 MYS 1970 MYS 196 No break TZA 1992
FIN 1967 No break MYS 1988 MYS 1988| UGA 1977 No break
No break GAB 1969 No break NER 1974| UGA 1989 No break
FIN 1992 FIN 1992 NGA 1957 Nobreak URY 1974 URY 1974
GBR 1982 GBR 1982 NGA 1967 NGA 19¢8URY 1989 URY 1988
GHA 1965 GHA 1965 NIC 1960 NIC 196D USA 1961 USA 1961
GNB 1969 No break NOR 1991 NOR 1997 No break VEN 1971
GNB 1988 No break NZL 1957 NZL 1957 No break ZMB 1963
No break HND 1974 | PAK 1962 PAK 1961 ZWE 1964 ZWE 19671
HTI 1990 No break

Notes:

This table compares growth breaks in per capita @@®PDPCH series) obtained from using the original
PWT 6.1 in Haussman et al. (2005) with those olethimsing PWT 6.2. Growth breaks are reproducedjusin
Haussman et al. (2005) original Gauss cdttebr eak indicates an inconsistency between PWT 6.1 and
PWT 6.2 in obtaining growth break dates that areentikan 3 years apart for each country considered.
Haussman et al. (2005) identified an additionahkrier BWA in 1969 using PWT 6.1, but data for
Botswana does not go farther back than 1970 in BVETThere are 35 cases (out of 100; 35%) where suc
inconsistencies are detected.
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Table 10. Migudl, Satyanath and Sergenti (2004) Replication Results

Dependent variable _— log (Growth Gap)
[1] [2] [3] [4] [5] [6]

Estimation OoLS OoLS oLS 2SLS 2SLS 2SLS
Dataset Substitution None None PWT None None PWT
Sample Original Balanced Balanced Original Balanced Badahc
PWT GradesIncluded All All All All All All
Economic Growth Rate, t -0.145 -0.144 -0.327* -0.383 -0.284 -1.985

[0.767] [0.727] [1.668] [0.276] [0.217] [1.351]
Economic Growth Rate, t-1 0.071 0.079 0.006 -2.139** -2.078** -2.307**

[-0.368] [-0.395] [-0.029] [2.078] [2.096] [2.327]
N 743 724 724 743 724 724
R-squared 0.52 0.50 0.49 0.39 0.38 0.29
Notes:

This table presents a replication exercise of MigBatyanath and Sergenti (2004) by updating téginal PWT 5.6 GDP
data with PWT 6.2 data. All specifications replediable 4, equations (3-5), in Miguel, Satyanatth &argenti (2004). For
presentation purposes we focus only on the keynpetier - current and lagged growth rates - and othér parameter
estimates. Specification [1] replicates the mairSQ&sult in Miguel, Satyanath and Sergenti (20&H)aitheir original data.
Specification [2] presents the same result using’P/8 after dropping observations to balance tha déh available
observations in PWT 6.2. Specification [3] presents main result when we replace the balanced saogihg PWT 5.6
with PWT 6.2. Specifications [4], [5], [6] repli@specifications [1], [2], [3], respectively, usiB§LS, using rainfall as an
instrument for current and lagged economic growtii, **, and * indicate significance at the 1%, 5%nd 10% levels,
respectively. t-statistics in brackets.
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Table 11. Aghion, Howitt and Mayer-Foulkes (2005) Replication Results

Dependent variable _— log (Growth Gap)
[1] (2] 3] [4] [5]
Dataset Substitution None None PWT6.2 None PWT6.2
Sample Original Balanced Balanced Balanced Balanced
PWT GradesIncluded All All All AB,C AB,C
Financial Development -0.015 -0.015 0.011 -0.009 0.013
[0.93] [0.94] [0.93] [0.60] [1.21]
Financial Development -0.061*** -0.061*** -0.041%*=* -0.048*** -0.031**
* Initial GDP Gap (1960) [5.35] [4.84] [4.16] [3.87] [3.25]
Initial GDP Gap (1960) 1.507*** 1.505%** 0.402 1.031* 0.090
[3.14] [2.83] [1.02] [1.95] [0.25]
N 71 60 60 57 57
R-squared 0.51 0.34 0.37 0.31 0.37
Implied Convergence Threshold 24.70 24.83 9.76 6P21. 2.92

Number of Countries Above Threshold 37 outof 71 o0B7of 71 65 out of 71 48 outof 71 71 out of 71

Instruments: legal origins, legal origins * init@DP gap
Conditioning set: EMPTY

Notes:

This table presents a replication exercise of Aghtdowitt, and Mayer-Foulkes (2005) by updatingttlogiginal GDP
data obtained from Levine, Loayza and Beck (20@@askt with PWT 6.2 data. All specifications regiecTable 1,
equation (1), in Aghion, Howitt, and Mayer-FoulK@605). Specification [1] replicates the main régulAghion,
Howitt, and Mayer-Foulkes (2005) using their or@gidata. Specification [2] presents the same remitlg Levine,
Loayza and Beck's data after dropping observatmhalance the data with available observatiorBWIT 6.2.
Specification [3] presents our new result when g@ace the balanced sample using Levine, Loayzd&ankK's data
with PWT 6.2 data. Specification [4] replicates y#jen countries with quality grading "D" are drogp&pecification
[5] replicates [3] when countries with quality ginagl "D" are dropped. ***, ** and * indicate signifance at the 1%,
5%, and 10% levels, respectively. t-statisticbriackets.
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Table 12. Mankiw, Romer, and Weil (1992)

Dependent variable  — log of GDP Per Capitain 1985
[1] [2] [3] [4] [5]
Dataset Substitution None None PWT6.2 None PWT6.2
MRW Sample Non-Oil  Non-Oil Non-Qil Non-Qil Non-Qil
Sample Original Balanced Balanced Balanced Balanced
PWT Grades Included All All All AB.C AB.C
log(I/GDP)-log(n+g+d) 0.738%*  (0.713%*  0.431**  (0.754**  (0.430**
[5.96] [5.21] [3.22] [5.28] [2.99]
log(school) —log(n+g+d) 0.657**  (0.622**  0.711**  (0.639*** 0.761***
[9.07] [7.92] [6.98] [7.59] [6.86]
N 98 83 83 77 77
R-squared 0.78 0.79 0.73 0.78 0.71
Solow Restriction p-value 0.654 0.653 0.210 0.584 0.166

Notes:

This table presents a replication exercise of ManRomer, and Weil (1992) by updating their
original PWT 4.0 GDP and I/GDP data with PWT 6aad All specifications replicate the Table 2
restricted regressions in Mankiw, Romer, and WEI9R). The "Solow Restriction" is the
restriction that the parameters for log(l/GDP)-logg+d) and log(school)- log(n+g+d) are of equal
magnitude. Specification [1] replicates the masuitin Mankiw, Romer, and Weil (1995) using
their original data. Specification [2] presents siagne result using PWT 4.0 for the sample of non-
oil countries after dropping observations to bagatie data with available observations in PWT
6.2. Specification [3] presents our main result whe replace the balanced sample using PWT 4.0
with PWT 6.2. Specification [4] replicates [2] wheountries with quality grading "D" are
dropped. Specification [5] replicates [3] when coigs with quality grading "D" are dropped. ***,
** and * indicate significance at the 1%, 5%, d@@bs levels, respectively. t-statistics are in
brackets.
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Table 13. Replication Exercise Results Summary

Tables
Author Journal Year Replicated Replication Exercise Results Summary

Results not robust to dataset changes.

Aghion et. al. QJE 20085 Table 1, Cols 1-4lnitial GDP gap becomes insignificant in many eiss. Implied
convergence thresholds become implausibly low.

Hausmann et. al JEG 2005 Table 1 Discrepancies identified in 35 out of 100 growtleeleration cases
between PWT 6.2 and PWT 6.1

Jones and Olken QJE 2005 Tables 3, 5| Many differences across exercises. Most pronouacedhanges in
significance of Democrats' and Autocrats' deaths.

Ramey and Ramey AER 1995 Table 1 Standard deviation of growth rates coefficient lees weakly
significant in one exercise and insignificant inegh

Resultsrobust to dataset changes:

Acemoglu, Johnson, et. al JME 2003 Table 2, Rows [IMinor changes to parameter magnitudes and signidiedevels.

Barro JPE 1999 Table 1, Col 2 | Minor changes to parameter magnitudes and signifiedevels.

Burnside and Dollar AER 200( Tables 1-3 | Some changes in significance levels, but paranmedgnitudes remain
largely unchanged.

DelLong and Summers QJE 1991 Table 1 | Some changes in parameter magnitudes, but sigmigckevels remain
largely unchanged.

Demirguc-Kunt et. al. JMCB 2004 Tables 5, 7 | Minor changes to parameter magnitudes and signifiedevels.

Easterly et. al. JME 1993 Table 5, Cols 2, Minor changes to parameter magnitudes and signifiedevels.

Mankiw et. al. QJE 1992 Table 2, Cols 1,|2/GDP coefficient halves in magnitude, nearly vioig CRS Solow
restriction in some exercises. Otherwise estimatesobust.

Miguel et. al JPE 2004 Table 4, Cols 1-7Instruments seem to reduce or eliminate paramstienate
differences when using PWT 6.2 data vs. their data.

Sachs and Warner 1995 Table 11, Col fSome changes in significance levels, but paraneagnitudes remain
largely unchanged.
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Table 14. Alternative Estimates of Annual Real Per Capita GDP (PPP) Growth Rate, 1985-1996

Combining Benchmark Using Data from  Difference  Absolute

COUNTRY Data from PWTs 5.6 and 6.2 PWT 6.2 value of

[1] [2] [1]-]2] difference
Zimbabwe 5.15% 0.03% -5.11% 5.11%
Swaziland 7.89% 2.89% -5.00% 5.00%
Cameroon 0.06% -4.54% -4.60% 4.60%
Grenada 5.25% 0.94% -4.31% 4.31%
Nigeria -3.43% 0.85% 4.28% 4.28%
Barbados 4.37% 0.51% -3.85% 3.85%
St. Lucia 6.60% 2.99% -3.61% 3.61%
Portugal 6.65% 3.73% -2.92% 2.92%
Congo, Republic of -5.19% -2.44% 2.75% 2.75%
Tanzania -2.92% -0.18% 2.74% 2.74%
Benin -2.81% -0.23% 2.58% 2.58%
Trinidad &Tobago -2.37% 0.21% 2.58% 2.58%
Nepal -0.29% 2.24% 2.52% 2.52%
Philippines 3.74% 1.25% -2.49% 2.49%
Greece 2.96% 0.66% -2.30% 2.30%
Hungary 2.13% 0.05% -2.08% 2.08%
Bangladesh -0.18% 1.89% 2.07% 2.07%
Sri Lanka 1.58% 3.57% 1.99% 1.99%
Mauritius 6.86% 5.11% -1.75% 1.75%
Austria 3.70% 1.98% -1.72% 1.72%
Luxembourg 6.08% 4.41% -1.67% 1.67%
Tunisia 3.82% 2.20% -1.63% 1.63%
Morocco 2.82% 1.36% -1.46% 1.46%
Spain 3.92% 2.59% -1.33% 1.33%
Senegal -1.95% -0.75% 1.20% 1.20%
Jamaica 3.38% 2.24% -1.14% 1.14%
Botswana 5.42% 4.31% -1.12% 1.12%
Denmark 2.71% 1.66% -1.05% 1.05%
Madagascar -2.43% -1.49% 0.94% 0.94%
Canada 0.15% 1.09% 0.94% 0.94%
Netherlands 2.98% 2.06% -0.92% 0.92%
Iran -0.70% 0.20% 0.90% 0.90%
Norway 3.46% 2.60% -0.86% 0.86%
Turkey 1.77% 2.64% 0.86% 0.86%
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Italy
Belgium
Rwanda
Sierra Leone
Ethiopia
Suriname
Bahamas
France
Zambia
Thailand
Mali

United Kingdom
India
Pakistan
Ireland
Poland
Japan

Egypt

USA
Australia
Korea, Republic of
Kenya
Sweden
Finland

Cote d'lvoire
Malawi

2.62%
2.81%
-1.67%
-2.71%
3.71%
-2.10%
-0.58%
2.11%
-2.99%
6.16%
2.37%
2.73%
3.35%
2.49%
4.82%
1.62%
3.04%
3.46%
2.14%
1.60%
7.72%
1.20%
1.12%
0.64%
-0.65%
0.78%
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1.80%
2.05%
-2.42%
-3.44%
3.05%
-2.74%
-1.17%
1.58%
-3.48%
6.63%
2.80%
2.30%
2.93%
2.07%
4.41%
1.89%
2.79%
3.22%
1.91%
1.77%
7.60%
1.08%
1.02%
0.57%
-0.66%
0.78%

-0.82%
-0.76%
-0.75%
-0.73%
-0.66%
-0.64%
-0.58%
-0.53%
-0.49%
0.47%
0.43%
-0.43%
-0.43%
-0.42%
-0.40%
0.27%
-0.26%
-0.24%
-0.22%
0.17%
-0.12%
-0.12%
-0.10%
-0.07%
-0.01%
0.00%

0.82%
0.76%
0.75%
0.73%
0.66%
0.64%
0.58%
0.53%
0.49%
0.47%
0.43%
0.43%
0.43%
0.42%
0.40%
0.27%
0.26%
0.24%
0.22%
0.17%
0.12%
0.12%
0.10%
0.07%
0.01%
0.00%
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Table 15. Countriesin the Long-Run Sample

ISO Country log GDP Differences between PWT 6.2 and PWT 6.1
Prices GDP Growth |/GDPC/GDP Benchmarks PWT Grade
ARG  Argentina 26.69 2% -0.08% -9% -1% 2 B
AUS  Australia 26.77 8% 0.06% -1% -5% 3 A
AUT  Austria 25.99 -6% -0.02% -7% -3% 5 A
BDI Burundi 22.14 5% 0.84% -30% 2% 0 C
BEL Belgium 26.14 2% 0.02% -5% 2% 6 A
BEN Benin 22.61 8% 0.10% 16% -9% 2 C
BFA  Burkina Faso 22.92 -2% -0.32% 3% 13% 0 C
BOL Bolivia 23.77 4% 0.17% 6% 0% 2 C
BRA Brazil 27.77 30% -0.30% -7% 3% 3 C
BRB Barbados 22.07 10% -2.29% -68% -15% 2 C
BWA Botswana 22.94 14% -0.54% 2% -7% 3 C
CAN Canada 27.24 6% -0.03% 0% 1% 4 A
CHE  Switzerland 25.96 -1% 0.20% 4% 2% 2 A
CHL  Chile 25.74 -5% -0.34% 11% -5% 2 B
CHN  China 28.90 25% 1.95% 49% -16% 0 C
Clv Cote d'lvoire 24.12 12% 1.11% 5% -4% 3 C
CMR Cameroon 24.09 19% -0.03% -33% -7% 3 C
COG Congo, Republic of 22.46 -8% -1.48% 16% 9% 2 C
COL Colombia 26.13 3% 0.07% 7% 1% 3 C
COM Comoros 20.55 14% 0.79% 56% -9% 0 D
CPV  Cape Verde 21.02 -11% -0.73% -11% -7% 0 D
CRI Costa Rica 23.94 0% 0.17% -42% 17% 1 C
DNK  Denmark 25.60 4% 0.03% -6% -8% 5 A
DOM Dominican Republic 24.45 -2% -0.31% -18% -3% 1 C
DZA  Algeria 25.80 4% -0.30% -9% -12% 0 D
ECU Ecuador 24.71 -14% 0.21% 17% 6% 2 C
EGY Egypt 26.30 4% 0.41% 17% 2% 2 C
ESP Spain 27.23 1% 0.13% -7% -11% 5 B
ETH Ethiopia 24.33 12% 1.55% -16% 5% 2 C
FIN Finland 25.28 4% -0.32% 10% -21% 4 A
FJl Fiji 22.09 3% -0.22% -6% 10% 1 C
FRA  France 27.89 0% 0.06% 7% -12% 6 A
GAB Gabon 23.40 4% -1.65% -61% -43% 1 C
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Figure 1: Differences in 30-Year Average Per Ga@DP Growth Rates between PWT 6.2 and PWT 6.1
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Notes

1. 30-year average annual per capita GDP growdfs imte computed using the RGDPCH series for thiecp#d70-1999.

2. Differences in growth rates between the twoivessof PWT are calculated as GDP growth from PW2Imeinus GDP growth from PWT 6.1.

3. Average differences for 30-year average anneiatapita GDP growth rates are very close to z&@ilRB) whereas the standard deviation is .0109ragee
growth rate is about 1.56 percent.

4. The sample consists of the 104 countries iriltbag Run Sample” used in other tables and figures.
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Figure 2: Differences in 30-Year Average Pricesveen PWT 6.2 and PWT 6.1
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Notes

1. 30-year average prices are computed using #rage of the P series for the period 1970-1999.

2. Differences in averages between the two verad VT are calculated as the log of average pfficas PWT 6.2 minus the log of average prices filewiT
6.1.

3. Average differences for 30-year average pricevery close to zero (2.89) whereas the standavihtion is 15.39. The average price level is 62t8tive
to a price level of 100 for the United States.

4. The sample consists of the 104 countries iriltbag Run Sample” used in other tables and figures.
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Figure 3: Differences in Annual Per Capita GDPw@lobetween PWT 6.2 and PWT 6.1

1 Year Panel 10 Year Panel 30 Year Panel
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Notes
1. Differences in growth rates between the twoivaessof PWT are calculated as GDP growth from PW2Imeinus GDP growth from PWT 6.1.
2.1 Yr Panel: # of 0bs3840; avg. difference = .0008; sd of differenc®539; avg. growth rate = .0186,
10 Yr Panel: # of obs: 384; difference = .0088; of difference = .0163; avg. growth rate ¥86),
30 Yr Panel: # of obs: 96; difference = .0050; of difference = .0108; avg. growth rate $D1
4. The sample of countries is constant acrosdhitee tfigures above, and consists of 96 of the bodhicies in the “Long Run Sample” used in othetdaland
figures. 8 countries were dropped because thepdatithave data for all four decades. This samptalied the “Decades Sample.”
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Figure 4. GDP Per Capita ($2000): PWT 6.2, PWT &ntl PWT 5.6
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Figure 5: Countries with Respective PWT Data Qu#&irades
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Notes
1. ICP benchmark studies and quality grades us@im 6.1.
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Figure 6: Differences in 30-Year Average GDP Gilotwy PWT Quality Grade
between PWT 6.2 and PWT 6.1
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Notes

1. 30-year average annual per capita GDP growdls imte computed using the RGDPCH series for theder
1970-1999.

2. Differences in growth rates between the twoivessof PWT are calculated as GDP growth from PWZT' 6
minus GDP growth from PWT 6.1.

3. The sample consists of the 104 countries iffltbag Run Sample” used in other tables and figures.

4. A or B: average difference: -.0002; sd of digfece: .0015; average growth rate: .0233; coumntgie.
C or D: average difference: .0019; sd of défee: .0127; average growth rate: .0126; coumntrib.
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Figure 7: Evolution of Differences in Levels ofides Across Time between PWT 6.2 and
PWT 6.1
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Notes

1. Prices is the Price (P) series.

2. Differences in levels rates between the twoiwassof PWT are calculated as the log-level ofdfiPWT
6.2 minus the log-level of P from PWT 6.1.

3. Each mean and standard deviation is computedscountries for a given year. Sample of counfdes
each year includes countries for which there ia @@t every year between 1970 and 1999.

4. Vertical line denotes benchmark year, 1996.

5. The sample consists of the 104 countries irffltbag Run Sample” used in other tables and figures.
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Figure 8: Evolution of Differences in Levead$ Per Capita GDP Across Time between PWT
6.2 and PWT 6.1
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Notes

1. GDP is Real GDP per capita, chained series (RGDP

2. Differences in levels between the two versiodhBWT are calculated as the log of GDP per capienf
PWT 6.2 minus the log of GDP per capita from PWT. 6.

3.Each mean and standard deviation is computedsacountries for a given year. Sample of counfdesach
year includes countries for which there is dateefeary year between 1970 and 1999.

4 Vertical line denotes benchmark year, 1996.

5. The sample consists of the 104 countries irfltbag Run Sample” used in other tables and figures.
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Figure 9: Correlation Between Revisions to PWT GfoRates and National Income
Accounts Growth Rates (30 Year Averages)

Differences in 30 Year Average Growth Rates
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Appendix Figure 1: Countries with Respective NumifdCP Benchmark Studies
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1. ICP benchmark studies used in PWT 6.1.
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Appendix Figure 2: 10-Year Average Per Capita GDBWh by Decade
between PWT 6.2 and PWT 6.1
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Notes

1. 10-year average annual per capita GDP growdls i@mte computed using the RGDPCH series for theder
1960-2000. Average annual growth rates are cakdiaglog(RGDPCH.()- log(RGDPCH)]/10.
2. Differences in growth rates between the twoivessof PWT are calculated as GDP growth from PWZT' 6

3.

4.

minus GDP growth from PWT 6.1.

1960s: avg. difference = .0001; sd of diffeeerc0123; avg. growth rate = .0279,
1970s: avg. difference = .0012; sd of differe=.0217; avg. growth rate =.0212,
1980s: avg. difference = -.0008; sd of differe = .0163; avg. growth rate = .0084,
1990s: avg. difference = .0028; sd of differ .0130; avg. growth rate = .0168.
The sample of countries is constant across @scathd consists of 96 of the 104 countries irflthag Run
Sample” used in other tables and figures. 8 coesmitniere dropped because they did not have dagl four

decades. This sample is called the “Decades Sample
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Appendix Figure 3: The Evolution of DifferencesLiavels of Investment Across Time
between PWT 6.2 and PWT 6.1
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Notes

1. Investment is the Investment/GDP (KI) series.

2. Differences in levels between the two versiohBWT are calculated as the log-level of investnfesrn
PWT 6.2 minus the log-level of investment from PW/T.

3. Each mean and standard deviation is computedg&countries for a given year. Sample of counfdes
each year includes countries for which there ia flat every year between 1970 and 1999.

4. Vertical line denotes benchmark year, 1996.

5. The sample consists of the 104 countries irfltbag Run Sample” used in other tables and figures.
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Appendix Figure 4. The Evolution of DifferencesLiavels of Consumption Across Time
between PWT 6.2 and PWT 6.1
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Notes

1. Consumption is the Consumption/GDP (KC) series.

2. Differences in levels between the two versiohBWT are calculated as the log-level of consummptiom
PWT 6.2 minus the log-level of consumption from PW/T.

3. Each mean and standard deviation is computeds&countries for a given year. Sample of counfdes
each year includes countries for which there ia @@t every year between 1970 and 1999.

4. Vertical line denotes benchmark year, 1996.

5. The sample consists of the 104 countries irffltbag Run Sample” used in other tables and figures.
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Appendix Table 1. Explaining Differencesin Levels of I nvestment Across

Datasets
Dependent variable > Abs(difference in Investment/GDP ratio)
[1] [2] (3] (4] [5] [6] [7]
Estimation OLS
Dataset Comparison I PWT6.2vs. PWT6.1
Sample 1970to 1999
PWT Grade (D=1...A=4) -0.954***
[-14.6]
Total ICP Studies -0.308*** 0.051
[-7.98] [0.84]
Log(GDP) -0.443%+ -0.323%**
[-10.7] [-5.02]
Abs(Difference in NA GDP) -0.000701** 0.000596*
[-2.02] [1.76]
Abs(Difference in NA GDP Growth) 0.206*** 0.158***
[5.33] [3.94]
Distance from Benchmark 1.185**  1,238***
Year, in Decades (1996) [9.79] [6.70]
Distance * Total ICPs -0.0496
[-0.85]
Constant 5.028***  3.552**  13.74**  2.859**  2235*** 1.456*** 8.886***
[23.1] [27.4] [12.9] [31.7] [20.4] [13.7] [5.79]
N 3016 3016 3016 3016 3016 3016 3016
R-squared 0.035 0.014 0.037 0.000 0.054 0.040 0.106
Notes:

The dependent variable is the absolute value of the difference in the ratio of Investment/GDP across PWT
6.2 and PWT 6.1. The variable PWT grade can take on four values, 1-4, with 1 representing the worst PWT
rating of D, and 4 representing the best PWT rating of A. Total ICP studies refers to the number of ICP
studies a country has participated in. GDP is total GDP and is measured at purchasing power parity. The
distance variable is calculated as the absolute difference between the year of the observation and 1996 (i.e.,
abs(t-1996)), and is divided by 10 to express the variable in decades. 1996 is the "Benchmark Year" used in
constructing both PWT 6.2 and PWT 6.1. The sample consists of the 104 countries in the “Long Run
Sample” used in other tables and figures. ***, ** and * indicate significance at the 1%, 5%, and 10% levels,
respectively. Robust t-statistics in brackets.
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Appendix Table 2. Explaining Differencesin Levels of Consumption Across

Datasets
Dependent variable _— Abs(difference in Consumption/GDP ratio)
[1] [2] [3] [4] [5] [6] [7]
Estimation OoLS
Dataset Comparison B PWT6.2vs. PWT6.1
Sample 1970t0 1999
PWT Grade (D=1...A=4) -2.400%**
[-10.3]
Total ICP Studies -1.054*** 1.019***
[-9.31] [4.92]
Log(GDP) -1.601%** -1.386***
[-11.8] [-9.90]
Abs(Difference in NA GDP) -0.00435%** -0.000197
[-6.60] [-0.23]
Abs(Difference in NA GDP Growth) 0.492*** 0.316***
[6.30] [4.33]
Distance from Benchmark 1.038***  2.911**
Year, in Decades (1996) [3.65] [4.39]
Distance * Total ICPs -0.831***
[-4.62]
Constant 13.38**  10.33**  47.29**  8,105** 6.422**  6.606*** 37.62***
[19.7] [24.9] [13.7] [41.5] [29.0] [23.2] [11.8]
N 3016 3016 3016 3016 3016 3016 3016
R-squared 0.044 0.034 0.098 0.003 0.062 0.006 0.141
Notes:

The dependent variable is the absolute value of the difference in the ratio of Consumption/GDP across PWT
6.2 and PWT 6.1. The variable PWT grade can take on four values, 1-4, with 1 representing the worst PWT
rating of D, and 4 representing the best PWT rating of A. Total ICP studies refers to the number of ICP studies
a country has participated in. GDP is total GDP and is measured at purchasing power parity. The distance
variable is calculated as the absolute difference between the year of the observation and 1996 (i.e., abs(t-
1996)), and is divided by 10 to express the variable in decades. 1996 is the "Benchmark Year" used in
constructing both PWT 6.2 and PWT 6.1. The sample consists of the 104 countries in the “Long Run Sample”
used in other tables and figures. ***, ** and * indicate significance at the 1%, 5%, and 10% levels,

respectively. Robust t-statistics in brackets.



