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Response to Francis (2025)

Alberto Abadie, MIT
Alexis Diamond, Minerva University
Jens Hainmueller, Stanford University

Response to Francis (2025) initial submission

We thank Joseph Francis for pointing out the mislabeling of the per-capita GDP variable in
the empirical application of Abadie, Diamond, and Hainmueller (2015). The article reported the
variable in PPP 2002 USD. The correct units are PPP current USD. The error stems from legacy
labels carried over from an earlier draft.

While the change in units does not affect the validity of the analysis, it does alter the interpre-
tation of the results of the empirical application. Specifically, absolute differences in per-capita
GDP between West Germany and its synthetic control should be interpreted in PPP adjusted
current USD prices, not constant 2002 USD prices.

To our knowledge, no harmonized real GDP series at constant PPP units exists for West Ger-
many and the donor pool during the sample period. To approximate real per-capita GDP, one
can divide both the West Germany and synthetic control series (current GDP in PPP units) by
a common deflator. This changes the units of measurement, but leaves the estimated percentage
effects unchanged. Alternatively, one can deflate per-capita GDP before constructing the syn-
thetic control. Results from both approaches are nearly identical. We report the results of both
approaches in a supplementary appendix to Abadie, Diamond, and Hainmueller (2025).

Francis (2025) also offers a critical re-analysis of the empirical illustration in our article. In it,
Francis purports to estimate a synthetic control for West Germany using data on real per-capita
GDP. We raise two key objections to his analysis.

First, the pre-1990 GDP and population series Francis draws from the World Development
Indicators refer to unified Germany, meaning the combined totals for West and East Germany,
not West Germany alone. This error invalidates the analysis in the Francis replication. The
Maddison Project data he also uses suffers from the same problem.

Second, the credibility of synthetic control studies hinges on the quality of the pre-treatment fit
of the predictors (see Abadie, 2021), and much diligence is exerted in synthetic control studies to
achieve proper fit. Francis (2025) ignores this requirement. The resulting synthetic controls (es-
pecially, the preferred specification in Figure 8) exhibit large discrepancies relative to Germany’s
per-capita GDP before reunification.

Despite these flaws in the analysis, Francis (2025) arrives at the same conclusions as Abadie,
Diamond, and Hainmueller (2015): large negative estimates of the German reunification’s im-

This response reproduces some of the material in an erratum, Abadie, Diamond, and Hainmueller (2025), sub-
mitted by the authors to the AJPS.



Institute for Replication 4R DP No. 272

pact (Figure 3(b)) and extreme post-reunification gaps for Germany (Figure 6(b)). Contrary
to Francis’s assertion, his results do not support “an argument that is the opposite to [Abadie,
Diamond, and Hainmueller (2015)]”. Francis’s own results support the conclusions in Abadie,
Diamond, and Hainmueller (2015).

Finally, Francis questions our choice of donor pool. We stand by our selection, which we explain
in detail in the article. Excluding units affected by large idiosyncratic shocks to avoid distortions
in estimation and inference is standard practice, not just for synthetic control methods (Abadie,
2021), but more broadly for policy evaluation, irrespective of the method used for the analysis.

Response to Francis (2025) revised submission

Following our response to Francis’s (2025) initial submission, Joseph Francis submitted a revised
report, as permitted under 4R procedures. This section addresses the new material in that
second report.

1. In our response to Francis’s (2025) initial submission (see previous section), we pointed out
that the pre-1991 World Development Indicators (WDI) data Francis used in his report
covered the sum of West and East Germany, not West Germany alone. Although we have
sought to eliminate this misunderstanding, the revised version of Francis (2025) repeats
the same error, treating the WDI series as if it referred only to West Germany before reuni-
fication. This mistake invalidates the replication attempts in Francis (2025), because the
pre-reunification data in Francis (2025) do not measure GDP per-capita in West Germany,
as Francis believes.

Verifying this assertion is straightforward. Figure 1 plots population, real GDP, and land
area of Germany, extracted from the same WDI files cited in Francis (2025).! If the series
referred to West Germany before 1991 and to unified Germany afterward, each of the
three measures would display a sharp increase around the time of reunification. Instead,
population and land area remain at levels consistent with unified Germany (about 80
million people and 350,000 sq. km), and real GDP shows no increase in 1991 large enough
to suggest the addition of East Germany’s output. We contacted the World Bank and
obtained confirmation via email that the WDI series for Germany report data for the sum
of West and East Germany in years before 1991.

The WDI real GDP per-capita series used in Francis (2025) is identical to the series in
Figure 1, obtained by dividing real GDP by population.? Table 1 confirms this identity.
Column (1) reports GDP per-capita values for 1981-1990 extracted with the Francis (2025)
code and labeled as West Germany in his document. Column (2) reports GDP per-capita
values from the data underlying Figure 1. The comparison shows that the series Francis
(2025) attributes to West Germany is in fact data for unified Germany.

Francis’s (2025) post-reunification data are also invalid. He constructs them by taking
regional accounts data for West Germany after reunification and scaling by the ratio of

'WDI series codes SP.POP.TOTL, NY.GDP.MKTP.KD and AG.LND.TOTL.K2, respectively.
2WDI series code NY.GDP.PCAP.KD = NY.GDP.MKTP. KD/SP .POP.TOTL.
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GDP per-capita  GDP per-capita
West Germany in ~ Germany from
Francis (2025)  data in Figure 1

Year (1) (2)

1981 24067.48 24067.48
1982 23995.27 23995.27
1983 24436.55 24436.55
1984 25213.38 25213.38
1985 25858.06 25858.06
1986 26437.42 26437.42
1987 26766.96 26766.96
1988 27651.04 27651.04
1989 28507.16 28507.16
1990 29747.69 29747.69

Table 1: GDP per-capita series, 1981-1990

real per-capita GDP in the WDI database in 1991 to the corresponding value from the
German regional accounts. Because the scaling factor uses WDI values for unified Germany,
Francis’s procedure cannot produce correct post-reunification data for West Germany. The
procedure is numerically equivalent to extrapolating the 1991 WDI GDP figure for unified
Germany forward in time using West Germany’s growth rates from the regional accounts.

2. In our response to Francis’s initial submission, we say our results “should be interpreted
in PPP adjusted USD prices, not constant 2002 USD prices.” In the revised version of
the report, Francis is not satisfied with this solution, claiming that the aim of our paper
is to make comparisons in time. This is incorrect. The primary aim of our paper is to
make comparisons across cross-sectional units: West Germany and the synthetic control
composed by a weighted average of the units in the donor pool.

3. Francis (2025) objects to our conversion of PPP GDP into constant dollars. Our procedure
is routine and yields easily interpretable magnitudes. PPP GDP is reported in current US
dollars. We convert these figures to constant dollars using the US GDP deflator.

Equations (4) and (7) in the appendix show that Francis’s construction is algebraically
equivalent to ours within a PPP benchmark.

Where does the difference come from then? The derivations in the technical appendix
clarify this point. Although equations (4) and (7) show that Francis’s proposal and ours
are algebraically equivalent within a benchmark, the construction of the series based on
equation (2) and (5) rely on two very different implementations. Our formulation in (5)
produces one single series, calculated over all values of GDPJ-];P P the OECD re-based
current PPP GDP series, which stitches successive PPP benchmarks together. By contrast,
Francis reconstructs a new series for each possible reference year using a single observation
of current PPP GDP as an anchor.
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Equations (3) and (6) clarify the difference between the two approaches. Consider first the
approach in Francis (2025), described in equation (3). This procedure amounts to taking
GDP in local currency units at time ¢, deflating it to local currency units at time r, and
then applying the PPP exchange rate at time r. That is, it imposes the same PPP exchange
rate at time r for all periods after deflating. It should not then come as a surprise that
this approach produces series that are very sensitive to the choice of 7.

In contrast, our approach as described in equation (6) applies the PPP exchange rate at
time ¢ to convert GDP at time ¢ in local currency units to US dollars, and then deflates the
resulting values to time r. This produces a single series that is not sensitive to changes in r.
In our method, changing the reference year r only rescales the series by a proportionality
factor common to all countries and years. This adjustment merely changes the units of
measurement to reflect a different base year for the US dollar, and therefore leaves our
inferential exercises unaffected.

Our approach only extrapolates between benchmark years. This is because our approach
employs the entire series of current PPP values, which are extrapolated between benchmark
years (see equation (1)). By contrast, each series in Francis (2025) extrapolates across the
entire time span, using the PPP exchange rate of a single year to infer PPP values for all
other years, even decades apart.

It is worth noting that single-benchmark extrapolation is precisely the method used in
older versions of the Penn World Table (through version 7). In those releases, one ICP
benchmark (e.g. 1996 or 2005) anchored the entire dataset, and all other years were
extrapolated using relative inflation. As the PW'T developers themselves recognized, this
approach made results highly sensitive to benchmark choice. Starting in 2013 with PWT
8, they abandoned the single-benchmark method for comparisons between countries and
adopted a chain-linked, multi-benchmark approach. Our implementation aims to follow
current practice to the extent that is possible with the available data, whereas Francis’s
procedure revives the limitations of the older, single-benchmark method.?

To sum up, Francis (2025) does not uncover a flaw in the synthetic control method, but
instead illustrates a well-known limitation of single-benchmark PPP series. By re-anchoring
at every possible reference year, his procedure amplifies the benchmark-sensitivity of PPP
data, whereas the re-based series we use minimizes this effect and provides a robust basis
for inference.

Moreover, Francis PPP extrapolations incorrectly use data for the unified Germany as
opposed to West Germany. As we explained in our initial response, to our knowledge no
harmonized series of real GDP at constant PPP units exists for West Germany and the
donor pool during the sample period (see point 4).

3See R. C. Feenstra, Inklaar, and M. P. Timmer, 2015 and Inklaar, M. Timmer, and R. Feenstra, 2013. As
they emphasize: “In version 8.0, we use all available purchasing power parity benchmark data under the principle
that the best estimate of real GDP in, say, 1980 is based on purchasing power parity data for 1980 rather than
on extrapolations from 2005.”
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Francis (2025) further claims that our procedure ignores country-specific inflation rates.
This assertion is incorrect. Our procedure begins with current PPP data. Country inflation
is incorporated in the construction of PPP exchange rates.

4. Francis (2025) asserts that, “Yet Abadie et al. obtained their nominal GDP per capita
from the OECD, which has long published them alongside real PPP GDP per capita for
West Germany and the donor countries.” This claim is incorrect. The OECD database
we used in our paper provides only PPP GDP per capita, not real PPP GDP per capita.
He further asserts that “The World Bank similarly publishes real GDP per capita for all
these countries from 1960 onward...,” which is also incorrect. As demonstrated above, the
World Bank WDI data refer to unified Germany throughout.

Response to Francis (2025), third round

After receiving our response to the second version of his document, Francis submitted a third
version to I4R. This section briefly discusses additional material introduced in the third version
of Francis’s document and identifies errors that remain uncorrected from the second version.

1. In a note accompanying the most recent version of his document, Francis acknowledges that
the pre-1991 WDI data for Germany that he used in the previous versions of his document
do not refer to West Germany. We are glad to be in agreement on this point. The estimates
in his latest version seem to no longer treat pre-1991 WDI data for Germany as data for
West Germany.

2. The latest version of Francis (2025) continues to rely on single-benchmark extrapolation.
As we already explained in our previous response, Francis’s approach maximizes sensitivity
to the choice of base year and has long been abandoned in cross-country comparisons. The
variability in Francis’s results across base years generates only from his reliance on single-
benchmark extrapolation, and not from a flaw in the synthetic control method.

Even under single-benchmark extrapolation, and ignoring that in Francis’s analysis some
base year choices fit the pre-treatment period poorly, his corrected dataset yields negative
effects of German reunification for every choice of base year (Figure 7 in the latest version
of his document).

3. The latest version of Francis’s document repeats the same incorrect claims from previous
versions. It still claims that the purpose of our article is to compare growth rates. We
have already explained why this is not the case. It continues to claim that our procedure
ignores country-specific inflation. We have already explained that this claim is incorrect in
our response to the second version of Francis’s document. The errors noted in point 4 of
our response to the second version of Francis’s document remain uncorrected in the latest
version of Francis’s document.

We once more thank Joseph Francis for pointing out the mislabeling of the per-capita GDP
variable in the empirical application of Abadie, Diamond, and Hainmueller (2015).
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Technical appendix
Between benchmark years, PPPs extrapolate using relative inflation rates. That is, for year ¢

attached to benchmark year b,

P/ Py
PPP,, = PPP,,——1/ 230
7t j’bPUs,t/PUs,b

where P;; is the GDP deflator for country j at time ¢t. GDP in current PPP units is obtained as

(1)

LCU
apprer - GP0
it PPP,,
where GDP/Y is the GDP of country j at time ¢ in local currency units.

Francis (2025) formula is

GDP-TEGZ(?OLE))
Y;E:) - GDP]?"PP GDF)J;teal(2015) ’ (2>
j77‘
where P .
real(2015) LCcU * j,2015
GDP; — GDP}V
gt €4,2015

P;, is the GDP deflator for country j at time ¢, and e; 9015 is the exchange rate between country
j’s currency and the US dollar in 2015. As a result,
GDP/EY Py,
GDPJ%TCU Py
LCU
_Gprep,
PPP;, Py

(r) _ pPpPP
Y, =GDP;,

Suppose that the period r is attached to benchmark year . Then,

P; /P~b
PPP,, = PPPj—212b
” J’bPUs,r/PUs,b
This gives
(7‘) _ G‘DF)]%tCU ﬂ PUS,T
» PPP;, Pj; Pysy

Our formula is

r P T
GDP[TUSD = GppIPP_ TS, (5)
Py,

Substituting the extrapolated PPP;,,
P/ Py

PPP;, = PPP; ,
o J’bPUs,t/PUs,b
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we obtain
GDPPPP(US,T) _ GDP]%CU Pyg, (6)
t Pppjﬂf PUS,t
_ GDP[CY Py Pys,

PPP;, EPUS,b'

Equations (4) and (7) show that Francis’s construction is algebraically equivalent to ours within
benchmark.
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