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Abstract

Relying on low frequency econometric methods, a new simple method

to assess international income convergence is introduced. It implements the

long-run forecasting definition and discards short and medium-term infor-

mation contents of the data as these may produce misleading evidence. Ro-

bustness to non-stationarities is achieved using first differences of logged per

capita incomes.

Application to a selected sample of 67 different countries, including only

one low-income country, provides scant support to the hypothesis. Even for

a 120-year horizon, almost 4/5 or 80% of the population of the (positively bi-

ased selected) sample is forecast to still live in countries significantly lagging

behind the leader.
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1 Introduction

Economic growth obviously matters much, not only per se but also because “it

is the most powerful force for reducing global poverty and inequality” (Milanovic,

2016, p. 232). The process through which it operates at this level is known as

economic convergence, broadly meaning that per capita incomes of poor nations

should get closer to that of the rich ones.

The elimination of these gaps is sometimes considered as an inevitable phe-

nomenon, one that will certainly occur sooner or later; see, e. g., Lucas (2000)

and Startz (2020). It is this view that supports its partial (Startz, 2020) or total

(Müller, Stock and Watson, 2020) imposition on forecasting models, by means of

restrictions on the parameters of those models, or by assuming that the same global

growth factor affects all countries, respectively.

Empirical support to the hypothesis of economic convergence, however, is scant.

Although a few exceptions prevent unanimity — e.g., Christopoulos and Leon-

Ledesma (2011) and King and Ramlogan-Dobson (2014) —, the most common

findings are usually far from supportive. Johnson and Papageorgiou (2020, p. 165)

summarize a huge amount of evidence stating that “there is a broad consensus of

no evidence supporting absolute convergence in cross-country per capita incomes

— that is poor countries do not seem to be unconditionally catching up with rich

ones”.

This allows us to understand the reason why The Economist (2014) referred

to the phenomena observed in the first decade of this century as an “aberration”.

Indeed, for a period of about 10 to 12 years, many poor countries, leaded by two

of the most populous nations, China and India, were catching-up with rich ones at

an unprecedented rapid speed, an episode that The Economist called “The Great

Catch Up”. But this process stalled about 10 years ago, and convergence appears

to have become a mirage again.

The lesson to draw from this episode is quite clear: (in case it exists) convergence

is really a long-run phenomenon, one that requires long periods of time to be
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assessed, one which does not conform with trends extrapolated on the basis of only

a few years of observations. That is, short and medium-term variability of the

data can be misleading about its long-run properties. The simple method that I

propose in this paper avoids these shortcomings because it takes into account only

low frequency, long-run variability of the data. This is achieved relying on low

frequency econometric methods developed by Müller and Watson (2008, 2020 and

mostly 2016, MW16 hereafter).

Some other features of the procedure that I propose appear to deserve some

emphasis too:

a) it follows closely the well known convergence definition of Bernard and Durlauf

(1996), which adopts a forward looking, long-run forecasting approach;

b) it simply extrapolates past real long-run trends without resorting to any

particular formal model, thereby allowing to avoid making any specific as-

sumptions;

c) it is very simply based in a comparison of two averages, the one that is needed

to close the income gap and the maximum that is forecast to be attainable

with a certain confidence level;

d) it has some robustness to non-stationarities, in particular to those that are

due to breaks in the series, which is achieved through the application of the

method to the first differences of the logged income gaps, not to the original

(logged) series.

This last feature is particularly valuable because the occurrence of structural

breaks along the path to the very distant future would be hardly surprising. And

indeed, very distant horizons must sometimes be considered for lagging countries to

catch-up with the technological leader. On the other hand, relying on c) precludes

the possibility of forecasting the step by step future trajectories of countries’ in-

come gaps. The only object of estimation is the final position of such trajectories,

3



corresponding to a certain predetermined forecasting horizon. Provided the only

purpose is the estimation of these “arrival points”, the procedure can be easily and

robustly employed in long-run forecasting in many different contexts, as shown in

MW16.

Since the sample ends in 2018, both the ongoing covid-19 pandemic and the

war in Ukraine could not be considered. Nevertheless, the empirical results are

already sufficiently unfavourable to convergence to leave much space for optimism.

That is, the evidence gathered here closely agrees with the large majority of the

previous time series results: mostly unfavourable quantitatively and qualitatively.

Indeed:

a) when the forecast horizon is 42 years “only”, the non-diverging countries

represent a small fraction of the sample population, living mostly in european

countries;

b) when the forecast horizon is extended to 2100 (h = 82) the number of (likely)

non-diverging countries increases but a large majority is found to be still

outside the non-diverging interval and this set includes such high-income

countries as Austria, Belgium, Finland, France, Italy and Japan. More im-

portantly, the most populous country in the world, China, is now forecast

to be very likely diverging. Actually, the problem appears as particularly

disturbing from a population-wise point of view.

c) Finally, for a 120-year horizon, almost 4/5 or 80% of the population of the

(positively biased selected) sample is forecast to still live in countries clearly

lagging behind the leader, outside the 95% non-diverging interval, as is the

case in particular for three of the four most populous countries, China, India

and Indonesia, with almost 40% of the world population. Moreover, China is

now joined by some other countries currently considered as high-income in a

highly likely state of absolute divergence.
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The remainder of this paper is structured as follows. In the next section the

notion of convergence is revisited and its testing is briefly discussed. Section 3

describes the method proposed for assessing income convergence and section 4

discusses some preliminary issues of the empirical application. Section 5 presents

the empirical results and section 6 analyses their robustness. Section 7 concludes

the paper. In a separate appendix I present empirical results for two less common

levels of confidence and the list of countries of Maddison’s database that were not

included in the application.

2 Defining convergence

The most widely used formal definition of income convergence is due to Bernard

and Durlauf (1996, BD), explicitly stated in a forecasting framework: “countries i

and j converge if the long-term forecasts of (log) per capita output for both countries

are equal at a fixed time t,

lim
k→∞

E(yi,t+k − yj,t+k|Ft) = 0’′, (1)

Ft denoting the set of all information available at time t (including at least all his-

torical information on both outputs). That is, the very long-run optimal forecasts

(in mean squared error) for both outputs must be the same, regardless of initial

factor endowments.

But this forward looking and dynamic perspective has been transformed into

a backward looking one, requiring only that past behaviour satisfies some mild

conditions. A long-run one, true, but merely assessing whether there have been

any past diverging signs. This is the case, for instance, when the discrepancy

series is submitted to unit root tests. The initial long-run, real future convergence

requirement was changed qualitatively; it was transformed into one of past non-

divergence. Two countries do not diverge when the discrepancy in their (logged)

income or output per capita is both stochastically and deterministically bounded.
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Extrapolating this past limited gap behaviour into the future leads to the impo-

sition that the discrepancy series must not be allowed to contain any deterministic

linear trend, as argued in Lopes (2016, 2021)1. This is a possibility that is allowed

in the usual (i.e., linear trending) notion of catching-up, but it is obvious that it

would violate BD’s condition: in the long-run the laggard would not only catch-up

with the leader but it would overtake him as well; past the “meeting point”, the

positions of the two countries would invert and a symmetrical gap would appear

and increase with time. (Linear trending) Catching-up can be useful only as a

backward looking lens. On the other hand, assessing whether there was any (past)

stochastic trend — which is the main purpose of unit root tests —, is not sufficient

to warrant that the initial BD condition holds. Only that it is not severely violated.

This change in nature is embedded in Pesaran’s (2007) definition: “countries

i and j converge if for some finite positive constant C and a tolerance probability

measure π ≥ 0

Pr{|yi,t+s − yj,t+s| < C|Ft} > π

at all horizons s = 1, 2, . . . ,∞”. This condition precludes the presence of deter-

ministic and stochastic trends in the gap process and therefore corresponds more

closely to the analysis provided by unit root tests. But, as acknowledged by Pe-

saran, it is only a condition for “non-divergence”, much weaker than BD’s. It was

also proposed with a particular economic model in mind, where BD’s condition

implies that some rather unrealistic assumptions must hold. While in the unit

root testing framework allowing level stationarity (instead of zero mean station-

arity) is sufficient to achieve the relaxation of these assumptions, more generally,

conformity only with a specific economic model is untenable. Moreover, although

assessing whether equation (1) holds will always require resting on some extrapola-

tion of past behaviour, using a specific economic model to do it should be avoided

whenever possible.

1As far as I am aware, the ruling out of both unit roots and time trends by the convergence
hypothesis was originally put forward by Quah (1993). Lopes (2016, 2021) emphasizes that linear
time trends must not be allowed in unit root tests of the discrepancy series.
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3 The proposed method

The procedure that I propose does precisely this: it simply extrapolates past be-

haviour without resorting to any specific structural model. Moreover, it rests only

on one assumption, one which is hardly debatable: that the first differenced gap

series are covariance stationary, I(0). That is, rather than envisaging directly

long-run forecasts of per capita GDP, the assessment is based on long-run predic-

tion intervals for the growth (decline) rates of the countries’ gaps, that is, for the

differenced gaps.

Focusing on the growth rates that are needed to eliminate the gap with respect

to the leader allows me to circumvent non-stationarity issues. For instance, it is not

necessary to know whether the gap series really contains an exact autoregressive

unit root or whether a local-to-unity AR(1) model is more appropriate. Therefore,

the procedure begins by asking: what must be the average rate of negative growth

or decrease of the gap for each country so that it vanishes in the long-term?

Formally, denoting with gkt the gap or discrepancy series for country k (gkt =

ylt − ykt, l denoting the technological leader) and with T + h the future year where

the comparison will be made, i.e., where the catch-up process must be completed,

the first step simply consists in determining ∆g∗kh, the average rate of decrease that

is needed for country k to close the gap in h years.

On the other hand, a prediction interval for the future (real) average rate of

decrease of the gap is made with a pre-specified confidence level, 1− α, call it Iαh ,

where I am dropping the country’s index to simplify the notation. Hence, neglecting

the possibility of overshooting, with a confidence level 1−α convergence in h years

requires that ∆g∗h ∈ Iαh ;
2 otherwise, if ∆g∗h is too large, that is, if ∆g∗h /∈ Iαh because

∆g∗h is larger than the upper endpoint of the interval, there is (forecasting) evidence

that convergence is very unlikely to be attained in h years.

Now, since the purpose is long-run forecasting, the most appropriate approach is

the one that is provided by low-frequency econometrics, as exposited in the work of

2Overshooting means that ∆g∗
h
< ∆gL, with ∆gL denoting the lower limit of Iα

h
.
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Müller and Watson (2008, 2019) and mostly in Müller and Watson (2016, MW16),

where the techniques are applied to forecasting. Therefore, attention is restricted to

the low-frequency variation of the data series. To extract this information from the

series these are projected on a set of trigonometric functions of time, the regressors

cos[(t − 1/2)πj/T ] for j = 0, 1, . . . q, yielding the first q cosine transforms, β̂q
LF

(denoted with XT,1:q in UM16), q used to denote an upper limit to the frequencies

that are considered, qπ/T (i.e., a lower limit to the corresponding periodicities,

2T/j). Müller and Watson (2008) show that these projections provide a very good

approximation to a close-to-ideal low-pass filter, i.e., one which retains only long-

run variability and removes everything else from the data.

Based on a central limit theorem for both the OLS estimator for the coefficients

of this regression and the average forecast value (for periods T +1 to T +h), MW16

show that an asymptotic two-sided 1 − α prediction interval for this average has

endpoints given by

∆gT ± tq(1−α/2)(1 + r−1)1/2T−1/2sLR,

where ∆gT is the average rate of decrease in the sample data, tq(1−α/2) is the (1−α/2)

quantile of the Student-t distribution with q degrees of freedom, r = h/T and sLR is

an estimator of the long-run standard deviation, s2LR = (T/q)β̂q′
LF β̂

q
LF

3. But since

one needs a decision corresponding to a statistical test and since this must be one-

sided — with non-convergence as the alternative —, the prediction interval must

be one-sided as well. Therefore, there is evidence that there will be no convergence

in the distant future whenever

∆g∗h /∈ Iαh , with Iαh =]−∞; ∆gT + tq(1−α)(1 + r−1)1/2T−1/2sLR],

tq(1−α) denoting the (1− α) quantile of the Student-t distribution with q degrees of

3This result is obtained using both a classical and a Bayesian approach, provided the prior is
uninformative.
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freedom. That is, the country’s effort to achieve convergence in h years is forecast

that will unlikely succeed, falling short of the necessary gap decline whenever

∆g∗h > ∆gU ,

∆gU denoting the upper limit of the interval above (which is country’s specific).

4 Preliminary issues

Before presenting the empirical results, some preliminary issues must be addressed.

I describe them briefly below.

The data. The most adequate data set appears to be the one that was recently

released by Bolt and van Zanden (2020), improving and updating the Maddison

database and where, contrarily to the previous update, output per capita is rep-

resented by a single time series labeled GDPPC . Generally, to employ the largest

common sample size, the sample period begins in 1950 and ends in 2018, for a

total of T = 69 observations. Several countries were excluded from consideration

because their time series began only much later, implying a sample size that was

too small. There are, however, several exceptions to this rule: a) for some eastern

european countries (Croatia, N. Macedonia, Montenegro, Serbia and Slovenia) the

sample begins only in 1952; b) a major exception is Russia, whose time series be-

gins only in 1960; a data series starting in 1950 (and extending to 2018) is available

but for the former USSR and it will be considered in this study. Similarly, former

Czechoslovakia will be considered as well, because the data series for the Check

Republic begins only in 1971 and the one for Slovakia only in 1985.

For comparison purposes with previous empirical results (based in different

methods), I consider a core set of countries which is the same as in Lopes (2021).

Besides the technological leader, the U.S., these are Australia, Austria, Belgium,

Canada, Denmark, Finland, France, Germany, Greece, Hungary, Ireland, Israel,

Italy, Japan, Netherlands, New Zealand, Norway, Poland, Portugal, South Korea,

9



Spain, Sweden, Switzerland, and the U.K..

In this study, however, the set of countries is much enlarged, reaching a total of

68 countries besides the U.S. . With the exception of Ireland, Luxembourg, Norway,

Singapore and Switzerland, whose per capita GDP in 2018 (in PPP USD of 2011)

is higher than the one of the U.S., all these countries appear in table 1. A common

restriction of previous time series studies — to confine the set of countries to those

that are not far from their steady state — may now be relaxed. The problem

of poor power properties of statistical tests originating from the consideration of

economies in transition, pointed out in BD (p. 171), does not appear to be an

issue now. Therefore, besides considering the so-called BRIC countries (Brazil,

Russia, India and China), I have considered as well many countries that are not

yet considered as developed or high-income but that might attain convergence in

a very long-run but foreseeable future. For these less developed countries (besides

India, with only 6806 USD in PPP units) the smaller per capita output in 2018

belongs to Tunisia, with 11354 USD, representing only slightly more than 20% of

the one of the U.S. (and only 13.4% of the one of Norway).

I have however excluded from consideration many economies highly dependent

on exports of oil and natural gas, particularly those of the Middle East (as, e.

g., Bahrein and Saudi Arabia). But I have considered countries as Jordan and

Lebanon, also rich in these natural resources, but whose reserves started being

exploited only very recently, in a process that I presume that has not affected the

path observed until 2018. And of course, some major well known exceptions, such

as Indonesia, Norway, Russia, the U.K. and the U. S., have been also included in

the sample.

I have also excluded from consideration most low (LIC) and many middle in-

come countries (MICs) not only because for many of them data availability started

only much later than 1950, but also because their inclusion would imply that too

long forecast horizons would have to be considered. Even for (included) Tunisia,

whose income in 2018 (in PPP units) is more than twice that of (excluded) Pak-
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istan4 a time horizon of 150 years may be too short.

Which horizon? That is, how long is the long-run? This is possibly the

harder question. Taking into consideration the sample size, a decision made in

MW16 (h = 32 for T = 68, that is, h/T ≈ 0.5), and mostly the information

provided by recent economic history, I arrived at a lower limit of h = 42, pushing

the horizon to 2060.

This is much less ambitious than the horizon in Startz (2020), h = 100, but the

method used here is even less structural, more “reduced form”, than his. Never-

theless, his longest sample period, using data from the Penn World Tables (PWT)

is also a bit smaller, beginning in 1950 but ending in 2014. The main advantage of

my approach is that only long-run variability of the data is considered.

In forty years, between 1845 and 1885, the U.S. not only closed a gap of about

20% of the per capita GDP of the UK but it also advanced more 5%. And even

discarding the case of Germany and the U.K. after the Second World War (only

12 years to close a gap larger than 65%, the “Wirtschaftswunder”, or “economic

miracle”), there are several other cases even more successful than the previous

change in the leader: between 1990 and 2006, i.e., in 16 years only, Ireland closed

a gap of about 50% with the U.S.; in 30 years, between 1900 and 1930, Denmark

has overcome a gap of about 35% of the output per capita of the U.K., and in only

25, between 1944 and 1969, starting from only less than 1/3 of its level, France has

overcame the U.K. . As another example of a very successful process of catching-up

in 40 years, between 1950 and 1990, Japan filled more than 60% of its gap with

the U.S. (from 20% to 80.9%) and from only a bit more than 1/4 of the U.K.’s per

capita GDP (27.6%), it attained a level significantly exceeding it, at 114%.

Forecast intervals deeper into the future, 82- and 120-year ahead, more realistic

for many of the countries, will be also considered. Even more distant horizons

could have been considered, but I believe that for convergence to be meaningful it

must not be allowed to occur only in some undetermined future, particularly when

4Both countries are considered as MICs in Johnson and Papageorgiou (2020); see their table
A.1, in page 58.
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technology appears to be so diffused. On the other hand, for reasons that will

become clear below, simply extending the forecasting horizon does not necessarily

implies that the likelihood that the laggards catch the leader increases; instead,

the opposite may occur.

Which q? How low must be the lowest frequency? As can be readily observed

from the expression for s2LR, using a large q appears to increase the efficiency of

the procedure reducing the length of the prediction interval.

But large values for q mean that variability in the data associated with higher

frequencies is allowed to enter the estimation of low-frequency, long-run variability,

thus compromising the major purpose of the procedure. More formally, MW16

argue that the approximation provided by the central limit theorem becomes poor

with large values for q and they label this problem as one of robustness (to trade-

off with efficiency). Their recommendation is that q = 12 is a sensible choice to

extract information at low frequencies that is useful to estimate the uncertainty of

long-run forecasts.

For a sample of annual data as this one, this means that only cycles with

periodicities longer than 2π
12/πT

= T
6
= 69

6
= 11.5 years are being considered for the

long-run forecasts, which appears to be a reasonable selection.

The confidence level. This obviously amounts to the size of correspond-

ing statistical test. Besides the usual α = 0.05, some literature considers “one-

standard-deviation” intervals, corresponding to a 67% confidence level. This is

however inappropriate for the current purposes, where a seemingly simple statisti-

cal decision about a “yes or no” question seeks an answer: is it very unlikely that

country A will converge with country B in the next 82 years? A level α = 0.33

would imply a very weak protection to the null. Instead of the “very unlikely”

one would have to consider much vaguer, much less precise statements. Hence, as

usual, I will report (lower limits for) intervals with α = 0.01 and α = 0.10 as well.
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5 Empirical results

In this section I present and discuss the empirical results. First for a rather de-

manding horizon of 42 years, ending in 2060, and later for a much more lengthier

time interval of 82 years, ending in 2100. For many of the countries in the sam-

ple, this is also more realistic. In the last subsection the horizon will be further

extended to 120 years.

5.1 Forecasts for a 42-year horizon

Table 1 contains the results for the 63 countries in the sample whose income per

capita in 2018 was below the one for the U.S. .

Although it must be acknowledged that the time span is relatively short for the

lower income countries in the sample to approach the level of the U.S., it must be

stressed that the picture that emerges is a negative one, of pessimism, allowing to

state that for 16 countries only convergence is not very unlikely to occur. For the

vast majority of this already selected sample, the outlook is one of no convergence in

42 years. Moreover, most of the likely converging countries are european. There are

only 6 non-european countries with a more positive outcome: Argentina, Australia,

Canada, Lebanon, New Zealand and Uruguay 5.

Furthermore, at this stage it is worth recalling that the analysis is not one of

point estimation, investigating whether, in 42 years, the incomes of countries will

really attain or coincide with the level of the leader. Instead, the question that is

answered here is: (allowing for some margin of uncertainty) is it very unlikely that

in a time span of 42 years the predicted average rhythm for closing the gap with the

U. S. is insufficient to close that gap? And for most countries of the 63, 46 (73%)

in total, the answer is yes, it is. The question amounts to investigate whether in

the very long-run, defined here as a time horizon of 42 years, each country will lie

5Given that a strong crisis has started affecting Lebanon just after the end of the sample, it is
doubtful whether this forecast will materialize or even whether it still holds when the most recent
data is added to the sample.
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Table 1 — Convergence analysis for h = 42 and a confidence level of 95%

country ∆g∗h ∆gU ND? country ∆g∗h ∆gU ND?
Argentina 2.60 3.14 y Malasya 1.91 0.71 n
Australia 0.25 0.59 y Malta 1.30 −0.39 n
Austria 0.60 0.46 n Mauritius 2.41 1.93 n
Belgium 0.79 0.46 n Mexico 2.88 1.10 n
Botswana 2.98 −0.46 n Mongolia 3.38 0.80 n
Brazil 3.27 1.61 n Montenegro 2.48 3.06 y
Bulgaria 2.62 1.65 n Netherlands 0.36 0.38 y
Canada 0.50 0.52 y New Zealand 1.07 1.78 y
Chile 2.18 2.00 n Panama 2.13 0.96 n
China 3.43 0.33 n Peru 3.58 2.61 n
Colombia 3.35 1.36 n Poland 1.67 1.37 n
C. Rica 3.16 1.06 n Portugal 1.71 0.11 n
Croatia 2.19 1.94 n P. Rico 1.09 −0.10 n
f. Czechos. 1.49 1.48 n Romania 2.41 0.24 n
Cyprus 1.69 0.66 n Russian Fed. 1.92 2.77 y
Denmark 0.42 0.71 y Serbia 3.25 3.34 y
Dominican R. 2.97 0.79 n Seychelles 1.50 0.40 n
Finland 0.84 0.58 n Slovenia 1.52 1.62 y
France 0.86 0.57 n S. Africa 3.61 2.03 n
Germany 0.43 0.54 y S. Korea 0.90 −1.63 n
Greece 2.04 1.08 n Spain 1.34 0.03 n
H. Kong 0.20 0.11 n Sri Lanka 3.71 1.31 n
Hungary 1.83 1.01 n Sweden 0.46 0.65 y
Iceland 0.58 0.61 y Taiwan 0.51 −1.79 n
India 4.99 0.91 n Thailand 2.86 0.02 n
Indonesia 3.67 1.12 n Tunisia 3.77 0.44 n
Israel 1.23 0.70 n Turkey 2.51 0.01 n
Italy 1.13 0.55 n UK 0.89 0.66 n
Japan 0.85 0.44 n f. USSR 2.48 3.14 y
Jordan 3.74 3.07 n Uruguay 2.40 2.64 y
Lebanon 3.53 5.74 y f. Yugosla. 2.87 2.43 n
N. Macedonia 3.44 1.90 n

Notes: h denotes the forecast horizon in years; ∆g∗
h
denotes the required average rate of annual

decrease of the output gap to the U.S. in a 42-year time horizon and ∆g∗
h

is the estimated

maximum attainable reduction rate for that same horizon using a 95% confidence level (for that

same country); “ND?” questions whether the country is not forecast to diverge, i.e., whether

∆g∗
h
≤ ∆gU .
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Table 2 — Convergence analysis for very high income countries, with h = 42 and
a confidence level of 95% (Norway is the new leader)

country ∆g∗h ∆gU ND? country ∆g∗h ∆gU ND?
Ireland 0.64 1.39 y Switzerland 0.76 2.25 y
Luxemburg 0.92 3.06 y U.S.A. 1.01 2.78 y
Singapore 0.51 2.06 y

Notes: h denotes de forecast horizon in years; ∆g∗
h
denotes the required average rate of annual

decrease of the output gap to Norway in a 42-year time horizon and ∆g∗
h
is the estimated maximum

attainable reduction rate for that same horizon using a 95% confidence level (for that same

country); “ND?” questions whether the country is not forecast to diverge, i.e., whether ∆g∗
h
≤

∆gU .

in a very wide “basin of attraction” around the position of the leader. Not whether

it will really attain or even whether it gets close to that position.

Descending to a more disaggregated level, even for many countries considered

as “high income” 6 the results are negative. These are 15 countries, from which

I select as particularly surprising Austria, Finland, France, Italy, Japan and the

U.K..

This bleak picture is further reinforced by the fact that for some countries there

appears to exist a very likely future of an increasing, not decreasing, divergence

with the U. S. . In this 42-year horizon, this is the case for Botswana, Malta,

Puerto Rico, South Korea and Taiwan.

On the other hand, life among the richest appears to be much less stressful. In

table 2 the role of the U.S. is inverted because it is now only one of the followers,

behind the “technological leader”, now (pragmatically) Norway by convention since

it has the highest income per capita (in PPP units, in 2018), more than 50% higher

than the one of the U. S. .

The comparison with previous empirical results based on the unit root approach

is not particularly revealing. Considering the common set of 24 countries previously

mentioned, quantitatively there is no difference: the number of positive outcomes

6Recall that I am using the classification of countries by income groups that is presented in
Johnson and Papageorgiou (2019), table A.1, p. 58.
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is 10 with both approaches. Qualitatively, however, there are major differences

because the composition of the groups established on the basis of the results is

much different; and the most frequent situation is the one of disagreement, with

14 countries obtaining contradictory results with the two methodologies. And

while for some countries it is relatively easy to find a graphical7 explanation, for

most of them the reason appears to be hard to determine. Indeed, the unit root

methodology is more generous when an intercept is allowed in the test regression,

permitting that the paths of the followers simply parallel the one of the leader in

a large (and final) portion of the sample period; this is the case mostly for Greece,

Israel, Italy and Japan, but also for Austria, France and South Korea although less

clearly (i.e., for a smaller portion of the sample). For all these cases the method

proposed here is much less forgiving. But besides the 3 cases where the leader has

been overcome by the followers — i.e., Ireland, Norway and Switzerland —, which

the current method automatically classifies as having already converged and reverts

the positions, for the remaining a straightforward explanation does not appear to

exist.

5.2 Forecasts for a 82-year horizon

Table 3 contains the results for the more ambitious exercise with h = 82, pushing

the forecast horizon to 2100. The level of confidence is maintained at 95%, as usual.

Two opposite forces drive the change in results:

a) a decline in the required average rate of decrease of the income gap, the longer

time interval permitting a slower pace of catching-up;

b) a decline in the estimated maximum attainable rate due to a “law of large

numbers effect” (MW16).

This last one is contrary to intuition, the longer time horizon of the forecast

reducing, not increasing, the width of the confidence interval. That is, rather than

7In Lopes (2021) the plots for the gaps of all these countries until 2016 are presented.
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increasing, estimated uncertainty decreases for a more distant horizon. This can

be easily confirmed in the expression for the prediction interval and stems from

the well known reduction in variance of the sample mean for stationary processes

observed in samples growing in size.

The net effect of these two contradictory forces is to allow that only 9 coun-

tries change their outlook from negative to non-negative: Chile, Croatia, former

Czechoslovakia, Jordan, Mauritius, Peru, Poland, the U.K. and former Yugoslavia.

For a large majority (about 60%) of the countries, the positive effect from a) is

insufficient to fill the gap to a more demanding threshold and to bring them to

the convergence basin. And an even more surprising result now emerges: even

for such a deep horizon, countries as Austria, Belgium, Finland, France, Italy and

Japan are not expected to enter the (wide) “orbit” around the technological leader.

Actually, the population of those countries whose forecast for 2100 lies outside the

corresponding 95% non-divergence band represents 81.2% of the total (selected)

sample population in 2018.8

Moreover, the number of countries which are now predicted with very high

probability to lie in a divergent path in 2100 increases and now includes such coun-

tries as, for example, China, Hong Kong, Portugal, Spain and Turkey. Extending

the time horizon produced a more defined, more contrasting picture, but certainly

not a less gloomy one.

5.3 Robustness

In this subsection I will shake some pillars of the previous analysis to gauge whether

its main conclusions still stand.

Extending the forecast horizon. For some countries a 120-year horizon

seems to be more realistic. But for such a distant future the likelihood that a large

8In 2018, the total population considered in the Maddison database is about 7.5 billion people.
The total population for the different countries of the sample in this paper represents a bit more
than 2/3 of that number, that is, 5.038 billion people.
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Table 3 — Convergence analysis for h = 82 and a confidence level of 95%

country ∆g∗h ∆gU ND? country ∆g∗h ∆gU ND?
Argentina 1.33 2.73 y Malasya 0.98 0.35 n
Australia 0.13 0.46 y Malta 0.67 −0.74 n
Austria 0.31 0.21 n Mauritius 1.23 1.53 y
Belgium 0.40 0.33 n Mexico 1.48 0.85 n
Botswana 1.53 −0.92 n Mongolia 1.73 0.26 n
Brazil 1.67 1.22 n Montenegro 1.27 2.27 y
Bulgaria 1.34 1.22 n Netherlands 0.19 0.24 y
Canada 0.26 0.42 y New Zealand 0.55 1.57 y
Chile 1.12 1.67 y Panama 1.09 0.59 n
China 1.76 −0.09 n Peru 1.83 2.20 y
Colombia 1.72 1.12 n Poland 0.85 0.98 y
C. Rica 1.62 0.82 n Portugal 0.87 −0.10 n
Croatia 1.12 1.41 y P. Rico 0.56 −0.33 n
f. Czechos. 0.76 1.15 y Romania 1.23 −0.26 n
Cyprus 0.87 0.32 n Russian Fed. 0.99 2.25 y
Denmark 0.22 0.56 y Serbia 1.67 2.62 y
Dominican R. 1.52 0.42 n Seychelles 0.77 0.06 n
Finland 0.43 0.38 n Slovenia 0.78 1.12 y
France 0.44 0.42 n S. Africa 1.85 1.74 n
Germany 0.22 0.28 y S. Korea 0.46 −1.93 n
Greece 1.05 0.72 n Spain 0.69 −0.19 n
H. Kong 0.10 −0.21 n Sri Lanka 1.90 0.98 n
Hungary 0.94 0.72 n Sweden 0.24 0.50 y
Iceland 0.30 0.43 y Taiwan 0.26 −2.01 n
India 2.56 0.60 n Thailand 1.46 −0.28 n
Indonesia 1.88 0.71 n Tunisia 1.93 0.23 n
Israel 0.63 0.41 n Turkey 1.29 −0.23 n
Italy 0.58 0.33 n UK 0.46 0.57 y
Japan 0.44 0.07 n f. USSR 1.27 2.58 y
Jordan 1.92 2.52 y Uruguay 1.23 2.26 y
Lebanon 1.81 4.82 y f. Yugosla. 1.47 1.86 y
N. Macedonia 1.76 1.45 n

Notes: h denotes the forecast horizon in years; ∆g∗
h
denotes the required average rate of annual

decrease of the output gap to the U.S. in a 82-year time horizon and ∆g∗
h

is the estimated

maximum attainable reduction rate for that same horizon using a 95% confidence level (for that

same country); “ND?” questions whether the country is not forecast to diverge, i.e., whether

∆g∗
h
≤ ∆gU .

18



shock occurs that derails a convergent trajectory or that pushes to the convergence

path a diverging one is far from negligible. Therefore, the results for this exercise

must be viewed with much caution.

Table 4 demonstrates that despite the emergence of a few positive results, a

globally bleak picture still holds. Indeed, while five more countries change their

outlook for positive, I doubt that for any of them such a long waiting time can

be viewed as encouraging. At least for Belgium, Finland and France this is a very

surprising result.

And even such a deep future appears to be not sufficient for Austria, Italy and

Japan to enter the convergence orbit. Moreover, the reduction in the proportion of

the population in the sample living in countries predicted as non-diverging is only

2.9%, an insignificant benefit for the additional 40-year period.

For Japan, quite on the contrary, it now emerges as highly unlikely that it

remains in a catching-up trajectory, as even the estimated maximum attainable rate

turns to negative. Such a gloomy outlook now affects also thirteen more countries,

which means that the proportion of countries in the sample that is forecast to face

such a negative future exceeds 20%.

And most importantly, at least 3 of the 4 most populous countries, representing

almost 40% of the world population — China, India and Indonesia — are forecast

to still lie outside the non-diverging basin. Moreover, this is also the case for all the

Asian countries in the sample, including Turkey and with the exception of Jordan

and Lebanon. For China, with about 18.5% of the world’s population, the negative

forecast is reinforced, the very high likelihood of lying in a divergent path confirmed

and strengthened with an even lower maximum attainable rate of gap decrease.

Changing the lowest frequency. This amounts to change q and I have

experimented with the two values adjacent to the base, 11 and 13, holding the

forecast horizon and the level of confidence fixed at 82 years and 95%, respectively.

In both cases the changes in the estimated upper bounds are small and insufficient

to produce any qualitative change in outcomes. It is worthy to note, however, that
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with q = 13 even Germany now hardly qualifies as a non-diverging country because

the two estimated rates become equal9.

Changing the level of confidence. That is, automatically and implicitly

changing the size of the corresponding test. For this purpose I have considered

90% and 99% forecast intervals. But while reducing this level to only 67% appears

inappropriate, augmenting it to 99% does not seem adequate in this context too,

amounting to an excessively protective position of the convergence hypothesis.

Table A.1 in the Appendix contains both results and again the main message

still holds, although with some variations.

The narrower interval emphasizes several negative features already present in

the basic analysis, although somewhat blurred. For instance, now countries as

Austria, Germany and Japan exhibit estimated negative maximum attainable rates.

And besides these, other high income countries as Iceland and the Netherlands are

now forecast to lie outside the converging region in 2100.

The larger confidence sets obviously provide a more optimistic view, with the

majority of countries expected to be in the non-diverging interval in 2100. However,

the 3 most populous countries of Asia — China, India and Indonesia — are still

forecast to be unable to attain that zone in 82 years.

6 Conclusions

In this paper I propose a new simple method to assess the international income

convergence hypothesis. This method retrieves the long-run forecasting definition

of convergence by Bernard and Durlauf (1996) and relies on the work of Müller

and Watson (2008, 2016, 2019), retaining exclusively the low-frequency variability

of the data. Short and medium-term information contents that may not only

obscure but even distort the analysis are therefore bypassed. Robustness to non-

stationarity issues, including those originating in breaks in the behaviour of the

9The results of these exercises are omitted but are available from the author upon request.
The same applies to all other results that are mentioned but not shown.
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Table 4 — Convergence analysis for h = 120 and a confidence level of 95%

country ∆g∗h ∆gU ND? country ∆g∗h ∆gU ND?
Argentina 0.91 2.57 y Malasya 0.67 0.21 n
Australia 0.09 0.41 y Malta 0.46 −0.88 n
Austria 0.21 0.12 n Mauritius 0.84 1.38 y
Belgium 0.28 0.28 y Mexico 1.01 0.76 n
Botswana 1.04 −1.09 n Mongolia 1.12 0.05 n
Brazil 1.14 1.07 n Montenegro 0.87 1.97 y
Bulgaria 0.92 1.05 y Netherlands 0.13 0.19 y
Canada 0.17 0.38 y New Zealand 0.37 1.49 y
Chile 0.76 1.54 y Panama 0.75 0.45 n
China 1.20 −0.25 n Peru 1.25 2.04 y
Colombia 1.17 1.02 n Poland 0.58 0.84 y
C. Rica 1.11 0.73 n Portugal 0.60 −0.18 n
Croatia 0.77 1.21 y P. Rico 0.38 −0.42 n
f. Czechos. 0.52 1.01 y Romania 0.84 −0.44 n
Cyprus 0.59 0.19 n Russian Fed. 0.67 2.05 y
Denmark 0.15 0.50 y Serbia 1.14 2.35 y
Dominican R. 1.04 0.28 n Seychelles 0.52 −0.07 n
Finland 0.29 0.30 y Slovenia 0.53 0.99 y
France 0.30 0.36 y S. Africa 1.26 1.63 y
Germany 0.15 0.18 y S. Korea 0.31 −2.04 n
Greece 0.71 0.58 n Spain 0.47 −0.28 n
H. Kong 0.07 −0.33 n Sri Lanka 1.30 0.85 n
Hungary 0.64 0.59 n Sweden 0.16 0.45 y
Iceland 0.20 0.36 y Taiwan 0.18 −2.09 n
India 1.75 0.49 n Thailand 1.00 −0.40 n
Indonesia 1.28 0.55 n Tunisia 1.32 0.15 n
Israel 0.43 0.31 n Turkey 0.88 −0.32 n
Italy 0.40 0.25 n UK 0.31 0.52 y
Japan 0.30 −0.07 n f. USSR 0.87 2.37 y
Jordan 1.31 2.31 y Uruguay 0.84 2.12 y
Lebanon 1.23 4.47 y f. Yugosla. 1.01 1.65 y
N. Macedonia 1.20 1.28 n

Notes: h denotes the forecast horizon in years; ∆g∗
h
denotes the required average rate of annual

decrease of the output gap to the U.S. in a 120-year time horizon and ∆g∗
h
is the estimated

maximum attainable reduction rate for that same horizon using a 95% confidence level (for that

same country); “ND?” questions whether the country is not forecast to diverge, i.e., whether

∆g∗
h
≤ ∆gU .
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series, is achieved through the application of the method not to the original series

but to their first differences.

Application to a selected sample of 67 different countries, including only one

considered as low income so that the forecast horizon does not need to be too

much ambitious, produced evidence agreeing with most of the previous studies

(see e. g. Johnson and Papageorgiou, 2020). This is to say that failure to support

the convergence hypothesis is the most frequent outcome, a negative feature that

is further reinforced by the significance of the population living in the lagging

countries. Indeed, the population of those countries whose forecast for 2100 still

lags significantly behind the leader represents 81.2% of the total (selected) sample

population in 2018. And when the forecast horizon increases to 120 years (i.e., to

2138), the decrease in this proportion is forecast to be only 2.9% (representing less

than 150 million people). Given the positive bias in the selection of the sample,

comprising almost only high and middle income countries, this means that in 2138

the proportion of the world population living in countries predicted as very unlikely

converging is extremely large, not less than 85%.

Summarizing very shortly all the empirical evidence, one may conclude that,

in stark contrast with a frequent assumption, international income convergence is

predicted to be far from inevitable. Instead, weighed by the population involved, it

appears to be much more the exception than the rule. Moreover, recent and ongoing

global events that have initiated after the end of the sample — particularly the

covid-19 pandemic and the war in Ukraine —, are much more likely to promote

the divergence of growth paths than otherwise.

Geographically, I have also found some strong contrasts. Asian, Central Amer-

ica and Mediterranean nations are forecast to face the bleakest perspectives. On

the contrary, Canada, the two most important countries of Oceania, some countries

from South America and most countries from Eastern Europe appear to be heading

toward a zero income gap. Northern Europe lies somewhere in between those two

major groups, the mixed evidence possibly signaling a stalling convergence process.
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As for Africa, although the amount of evidence is almost non-existent because the

large majority of countries was not included in the sample, it is worth noting that

South Africa is predicted to close its very wide gap at a relatively fast pace.
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Appendix

Table A.1 Countries in Maddison’s database not included in the sample

Afghanistan Djibouti Kuwait Qatar
Angola Dominica Lao People’s DR Rwanda
Albania Ecuador Latvia Saint Lucia
Algeria Egypt Lesotho S. Tome and Principe
Armenia El Salvador Liberia Saudi Arabia
Azerbaijan Equatorial Guinea Libya Senegal
Bahrain Estonia Lithuania Sierra Leone
Bangladesh Ethiopia Madagascar Slovakia
Barbados Gabon Malawi Sudan (Former)
Belarus Gambia Mali Swaziland
Benin Georgia Mauritania Syrian Arab Republic
Bolivia Ghana Morocco Tajikistan
Bosnia and Herzegovina Guinea Rep. of Moldova U.R. of Tanzania
Burkina Faso Guinea-Bissau Mozambique Togo
Burundi Guatemala Myanmar Trinidad and Tobago
Cabo Verde Haiti Namibia Turkmenistan
Cambodia Hong Kong Nepal Uganda
Cameroon Honduras Niger Ukraine
Central African Rep. Iran Nigeria Uni. Arab Emirates
Chad Iraq Nicaragua Uzbekistan
Comoros Jamaica Oman Venezuela
Congo Kazakhstan Pakistan Viet Nam
D.R. of the Congo Kenya State of Palestine Yemen
Côte d’Ivoire D.P.R. of Korea Paraguay Zambia
Cuba Kyrgyzstan Philippines Zimbabwe
Czech Republic
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Table A.2 — Convergence analysis for h = 82 at 90% and 99% levels

90% confi. 99% confi. 90% confi. 99% confi.
country ∆g∗

h
∆gU ND? ∆gU ND? country ∆g∗

h
∆gU ND? ∆gU ND?

Argentina 1.33 2.23 y 3.78 y Malasya 0.98 −0.09 n 1.28 y
Australia 0.13 0.30 y 0.80 y Malta 0.67 −1.17 n 0.16 n
Austria 0.31 −0.08 n 0.84 y Mauritius 1.23 1.04 n 2.55 y
Belgium 0.40 0.17 n 0.67 y Mexico 1.48 0.56 n 1.48 y
Botswana 1.52 −1.47 n 0.24 n Mongolia 1.73 −0.40 n 1.64 n
Brazil 1.67 0.73 n 2.24 y Montenegro 1.27 1.30 y 4.32 y
Bulgaria 1.34 0.69 n 2.32 y Netherlands 0.19 0.07 n 0.59 y
Canada 0.26 0.30 y 0.68 y New Zealand 0.55 1.31 y 2.11 y
Chile 1.12 1.26 y 2.53 y Panama 1.09 0.14 n 1.54 y
China 1.76 −0.60 n 0.98 n Peru 1.83 1.70 n 3.25 y
Colombia 1.72 0.82 n 1.74 y Poland 0.85 0.52 n 1.97 y
C. Rica 1.62 0.54 n 1.43 n Portugal 0.87 −0.36 n 0.44 n
Croatia 1.12 0.76 n 2.79 y P. Rico 0.56 −0.62 n 0.27 n
f. Czechos. 0.76 0.74 n 2.01 y Romania 1.23 −0.87 n 1.03 n
Cyprus 0.87 −0.09 n 1.19 y Russian Fed. 0.99 1.56 y 3.71 y
Denmark 0.22 0.38 y 0.95 y Serbia 1.67 1.73 y 4.50 y
Dominican R. 1.52 −0.02 n 1.36 n Seychelles 0.77 −0.35 n 0.93 y
Finland 0.43 0.13 n 0.91 y Slovenia 0.78 0.60 n 2.36 y
France 0.44 0.23 n 0.82 y S. Africa 1.85 1.39 n 2.48 y
Germany 0.22 −0.04 n 0.96 y S. Korea 0.46 −2.30 n −1.16 n
Greece 1.05 0.28 n 1.64 y Spain 0.69 −0.47 n 0.39 n
H. Kong 0.10 −0.59 n 0.60 y Sri Lanka 1.90 0.58 n 1.82 n
Hungary 0.94 0.33 n 1.49 y Sweden 0.24 0.33 y 0.87 y
Iceland 0.30 0.21 n 0.90 y Taiwan 0.26 −2.28 n −1.44 n
India 2.56 0.23 n 1.39 n Thailand 1.46 −0.66 n 0.50 n
Indonesia 1.88 0.21 n 1.76 n Tunisia 1.93 −0.02 n 0.77 n
Israel 0.63 0.07 n 1.15 y Turkey 1.29 −0.51 n 0.35 n
Italy 0.58 0.07 n 0.89 y UK 0.46 0.45 n 0.81 y
Japan 0.44 −0.39 n 1.02 y f. USSR 1.27 1.91 y 4.02 y
Jordan 1.92 1.85 n 3.92 y Uruguay 1.23 1.80 y 3.23 y
Lebanon 1.81 3.71 y 7.17 y f. Yugosl. 1.47 1.12 n 3.32 y
N. Macedonia 1.76 0.89 n 2.63 y

Notes: h denotes the forecast horizon in years; ∆g∗
h

denotes the required average rate of annual decrease of the output gap to the U.S. in a 82-year time horizon and ∆gU is

the estimated maximum attainable reduction rate for that same horizon with the specified confidence level; “ND?” questions whether the country is not forecast to diverge, i.e.,

whether ∆g∗
h

≤ ∆gU .
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