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Abstract
Adopting an international historical perspective, this study aims to identify the main empiri-
cal regularities in the long-run growth pattern of government expenditure. The application 
of parametric and non-parametric analyses to a sample of developed countries observed over 
the period 1880–2018 allows us to detect two main findings. The first is that, beyond the 
long-term growth of government expenditures in absolute terms, there is evidence for three 
expansionary long waves corresponding to the booms before and during the twentieth cen-
tury’s two world wars, along with the ‘golden age of public sector intervention’. The latter 
refers to the decline in cross-country heterogeneity in the trends and composition of absolute 
growth of government expenditure since the 1960s. The ‘ratchet phenomenon’ in the pre-
WWII period and the shift in ideological focus from market to government failures in the last 
decades of the twentieth century provide explanations that complement Wagner’s law and are 
consistent with the observed long-term evolution of the growth of government expenditure.

Keywords Wagner’s law · Government expenditures · Local non-parametric regression 
analysis · Co-integration test

JEL Classifications C14 · C22 · E60 · H50 · H60 · N40

1 Introduction

The increase in the relative size of the public sectors of developed economies over the 
last century is well documented in the literature (see Hindriks & Myles, 2006). A wide 
range of explanations and associated variables have been proposed to explain the histori-
cal evolution of the role of government, especially its absolute and relative growth over 
time. Adolph Wagner’s (1883, 1893, 1911) formulation of the ‘law of increasing state 
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activity’1 was followed by Peacock and Wiseman’s (1961) displacement effect and Bird’s 
(1971, 1972) ‘ratchet effect’, Baumol’s (1967) law, Musgrave’s (1969) stages of develop-
ment approach, and Peltzman’s (1980) model of the redistributive aspects of government 
activity. More recently, the literature has been extended by Rodrik’s (1998) theory of trade 
openness, Alesina and Wacziarg’s (1998) theory of country size, models incorporating the 
role of political institutions such as electoral rules, governmental types, and political par-
ticipation (Milesi-Ferretti et al., 2002; Persson & Tabellini, 1999), and Acemoglu and Ver-
dier’s (2000) trade-off between market and government failure.2

In terms of empirical research, over the last few decades we have witnessed a prolifera-
tion of studies aiming to test the existence of a long-run relationship between government 
expenditure and economic activity by means of advanced statistical and econometric tech-
niques. After Henrekson’s (1993) study, unit root tests and co-integration analyses, with 
and without structural breaks, have become the standard tools in the relevant literature 
because of their ability to deal with non-stationary data. Using these sophisticated tech-
niques, the process at the heart of public sector growth can be modelled as a linear long-run 
relationship, with or without structural breaks (e.g. Durevall & Henrekson, 2011; Peacock 
& Scott, 2000; Wagner & Weber, 1977). This empirical approach contrasts sharply with 
the complexity of the relationship to be estimated, at least over long time spans. Indeed, the 
observed long-run pattern of government growth encompasses periods of rapid economic 
expansion, increases in the size and scope of the public sector, wars, social upheavals, 
different phases of economic development, and several waves of technological changes. 
Hence, unless one takes as the estimation period the years from the 1960s onwards, dur-
ing which a striking cross-country convergence pattern is generally observed, econometric 
models which specify fixed parameters and fixed structural equations are unlikely to cap-
ture the complex pattern of long-term government growth.

This plethora of theories3 is symptomatic of the complexity of the subject. Any single 
theory taken in isolation cannot provide a satisfactory explanation of long-term government 
growth because public expenditure decisions derive from the complex interplay of multiple 
factors in which the economic factors of supply and demand4 are mediated through politi-
cal decision-making processes (Gerber & Jackson, 1993). Given this variety of theoretical 
explanations, instead of adding a new theory to those already existing we choose to take an 

2 Another strand of literature related to Wagner’s and Rodrik’s hypothesis is North’s (1985, 1991, 2003) 
idea of the transition from informal to formal institutions. Additional explanations include Olson’s (1982) 
concept of ‘distributional coalitions’, Brennan and Buchanan’s (1980) ‘Leviathan’ model of government, 
and the work of Weingast et al. (1981) on distributional politics.
3 The role of the state in the historical process of economic development is also at the heart of the growing 
literature on historical political economy which is based on the concept of state capacity (Besley & Persson, 
2009). According to this literature, state capacity (a measurement of the fiscal and administrative power of 
a state) should be distinguished from either the size or the scope of the state. In this sense, the ability to col-
lect taxes and enforce law and order is considered a key determinant of economic development (Dincecco, 
2015; Johnson & Koyama, 2017). This strand of theory provides explanations at odds with the causal rela-
tionship implicitly assumed in Wagner’s law.
4 The demand for public goods during the development process has changed: from the ‘traditional’ services 
of defence and law and order in the early stage of development to the demand for education, infrastructure, 
social security, health systems, and new regulatory and protective functions associated with the evolution in 
the structure of the economy.

1 Wagner’s law is based on the simple regularities detected in the growth of government along the devel-
opmental path, represented by an absolute and relative expansion of the public sector within a national 
economy. It has been interpreted as implying that government is just another normal economic good, the 
demand for which rises with income.
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empirical perspective on the main features and regularities that have characterised the his-
torical evolution of the ‘size of government’ during the process of economic development.

As such, in this study we use a sample of 17 developed countries, observed from the 
late nineteenth century to date, to determine the extent to which existing, competing the-
ories of government growth can explain the evidence on the long-run growth pattern of 
government expenditure. A ‘chaise longue’ pattern of the expansion of government size 
during the developmental process is clearly evidenced by non-parametric local regression 
analysis. The results of the Gregory–Hansen co-integration break tests show the existence 
of a long-run relationship between government expenditure and gross domestic product 
(GDP), with a GDP coefficient which provides evidence for the attenuation of this relation-
ship after the mid-1970s. Moreover, the rolling regression analysis of the long-run rela-
tionship allows the detection of three periods of acceleration in the growth of government 
spending: the first two corresponding to periods of large-scale social upheavals, the third 
to the ‘golden age of public sector intervention’. Finally, we find that the historical trends 
of absolute and relative government expenditures display increasing synchronisation in the 
post-1960s period. The ‘ratchet phenomenon’ in the pre-WWII period and the change in 
the prevailing ideology from a focus on market failures to government failures in the sec-
ond half of the twentieth century provide explanations complementary to Wagner’s law and 
consistent with the observed long-term evolution of the relative (and absolute) growth of 
government.

The paper is structured as follows. Section 2 presents the data and the literature. Sec-
tions 3 and 4 provide, respectively, the results of the non-parametric local regression analy-
sis and the co-integration analysis at the individual country level. Section 5 discusses the 
time-varying pattern of the long-term relationship, while Sect.  6 examines whether and 
how the pattern of the long-term evolution of the growth in government spending differs 
when measured absolutely or relatively. An interpretation of the results is provided in 
Sect. 7, while Sect. 8 concludes the paper.

2  Dataset and literature

Researchers usually explain the long-run evolution of government activity by looking at 
the ratio of public expenditure to GDP.5 Empirical works studying the relationship between 
government expenditure and economic activity have employed both time-series and cross-
sectional frameworks. While the country dimension may vary from several units to more 
than 100, the temporal dimension is generally quite low, with the time span being mostly 
limited to a subsample of the post-WWII period (e.g. Afonso & Jalles, 2014; Akitoby et al., 
2006; Brueckner et al., 2012; Kolluri & Wahab, 2007; Lamartina & Zaghini, 2011; Maga-
zzino et al., 2015; Ram, 1987; Wahab, 2004). Very few studies use a longer time period; 
those that do include Henrekson (1993) for Sweden, Durevall and Henrekson (2011) for 
Sweden and the UK, Paparas et al. (2018) for the UK, and Kuckuck (2012) for five west-
ern European countries. Similarly, Oxley (1994) and Thornton (1999) use historical data 
from the mid-nineteenth century for Britain and six European countries, respectively, but 
limit their analyses to the pre-WWI period. The only paper to adequately exploit both the 

5 For an international comparison of the major trends of industrial countries, see Tanzi (1986).
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country and time dimensions is that by Easterly and Rebelo (1993), with historical data 
covering 26 countries from the late nineteenth century.

In this study, we use International Monetary Fund (IMF) data on government 
expenditure and GDP for several developed countries observed over a long time period: 
1880–2018. These two dimensions are equally important for evaluating alternative expla-
nations for the growth in the size of the public sector. A time span of a few decades may 
be insufficient to allow identification of any significant structural change that can be inter-
preted in terms of economic development, because of the long-term nature of the govern-
ment expenditure–income relationship. Indeed, studies on economic development/growth 
generally take the longest possible time span as the study period in order to be able to 
identify different phases of economic development (Maddison, 1982). The inclusion of 
countries which are at similar stages of economic development but differ in terms of demo-
graphics, trade openness, and political organisation (i.e. their electoral rules, the size and 
type of their governments, the degree of political participation) in principle allows us to 
distinguish between alternative theories of government size, such as whether it is demand-
driven or supply-driven.

Using a very long time span may be problematic in that historical time series are likely 
to exhibit short-lived transient components typical of wars or crisis episodes, such as 
abrupt changes, jumps, and volatility clustering. The treatment of war years may result in 
the inclusion of war interval dummies or, with missing values, in corrections applied to 
the original data through interpolation (Metz, 1992), or a priori elimination of their impact 
on the assumption that such shocks can be seen as disturbances in the normal structure of 
the data (Korotayev & Tsirel, 2010).6 As shown in Table 3 of Appendix 1, 11 countries of 
the 17 considered in this study present missing data; in some cases the missing data are 
limited to a very short period (2 to 3 years), but in other cases the periods are longer. The 
missing data are concentrated either at the beginning of the sample or in coincidence with 
war periods (for several European countries). For countries with missing data within the 
sample, such as Belgium, Germany, Spain, France, Netherlands, and Norway, co-integra-
tion analysis was performed using a wavelet-based approximation of the aggregate series, 
which yielded unbiased and consistent estimates for the intercept and slope parameters, as 
in Ramsey et al. (2010), Gencay and Gradejovic (2011), and Gallegati and Ramsey (2012). 
In particular, wavelet multi-resolution decomposition analysis, by returning at each step a 
set of averages (along with a set of differences between adjacent averages) based on dif-
ferent window lengths, allowed us to obtain a collection of approximations of the original 
signal, from finer  (S1) to coarser  (S4) resolution levels.7

The measurement of public sector expenditure depends on the definition of government. 
Since processes and levels of fiscal decentralisation differ greatly between countries, the 
ratio between the data for the alternative definitions of government expenditures—our vari-
able of interest—may display a high degree of variability over time and across space. The 
IMF data refer to general government, whereas, for example, data on public expenditures 
in the dataset used by Jordà et al. (2017) refer to central government. However, since the 
countries included in our dataset (see Appendix 1 for a complete list) differ substantially in 

7 A brief introduction to wavelet analysis and details on multi-resolution decomposition and approximation 
analyses are provided in the Appendix 2.

6 This practice, according to Freeman and Louçã (2001), would be equivalent to studying history by eras-
ing part of the history.
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terms of fiscal decentralisation, we decided to use IMF data for the main analysis and the 
macro-historical dataset from Jordà et al. (2017) for robustness purposes.8

3  Non‑parametric local regression analysis

Due to the ambiguity of Wagner’s (1883) formulation of the ‘law of increasing state activ-
ity’, at least six different parametric versions have been proposed in the literature by, for 
example, Peacock and Wiseman (1961), Gupta (1967), Goffman (1968), Pryor (1969), 
Musgrave (1969), Goffman and Mahar (1971), and Mann (1980).9 In this study, we use 
probably the most common formulation of Wagner’s hypothesis, as suggested by Musgrave 
(1969):

where government share is measured as the ratio between government expenditure and 
GDP in nominal terms, and per capita GDP is measured in real terms (Fig. 1).

Given the problems that arise from testing hypotheses about the growth in public expen-
ditures, estimating a rigorously specified model using parametric analysis may appear to 
be an ambitious task because parametric regression analysis makes some strong assump-
tions,10 and because of its rigidity in terms of fixed parameters and functional forms. By 
contrast, non-parametric analysis, by not imposing any specific form to the regression func-
tion in advance of examination of the data, avoids the risks of altering the specifications. 
Indeed, non-parametric regression analysis can capture the shape of a relationship between 
variables without us prejudging the issue, as this type of analysis estimates the regression 
function f(.) linking the dependent to the independent variables directly, without providing 
any estimates for parameters.

Therefore, we estimated the long-term relationship between government share and 
per capita GDP using non-parametric methods. There are several approaches available to 
estimate non-parametric regression models, and most of these methods assume that the 
non-linear functions of the independent variables to be estimated are smooth continuous 
functions. One of the most commonly used methods of non-parametric regression is called 
the locally weighted scatterplot smoothing (LOWESS or LOESS) method (Cleveland, 
1979), and is an implementation of local polynomial regression. In the LOESS method, 
the regression function is evaluated at each value of the independent variable xi using the 

Government share = � + �(per − capitaGDP)

8 In order to assess the robustness of our results, we have replicated all steps of our empirical analysis 
using the dataset measure from Jordà et al. (2017) for central government (see Appendix 1 for details). The 
results, which are not reported here to save space but are available upon request from the authors, show that 
using different definitions of government expenditure does not affect the qualitative nature of our findings.
9 As Posner (1971) notes, regulation can be substituted for taxation and expenditure. However, studies 
of the growth of government expenditure generally do not include changes in the size of the regulatory 
state because regulation is difficult to measure when compared to expenditure. If one government has more 
growth in its regulatory state while another grows in its budgetary state, this can introduce noise into the 
data because of the omitted component of government size. Nonetheless, it is not unlikely that long-term 
growth in regulatory activity would be reflected in higher expenses for the bureaucratic apparatus necessary 
for the implementation and control of this activity.
10 Parametric regression analysis makes several strong assumptions: (i) that there is a linear relationship 
between variables, (ii) that there is a conditional distribution of the dependent variable that, except for its 
mean, is everywhere the same (and that this distribution is a normal distribution), and (iii) that observations 
are independently sampled.
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local neighbourhood of each point, and the fitted values are connected in a non-parametric 
regression curve. When fitting such a local regression, a fixed proportion of the data are 
included in each given local neighbourhood, which is called the span of the local regres-
sion smoother (or the smoothing parameter), and the data points within each window are 
weighted by a smooth function; the weights decrease as the distance from the centre of the 
window increases.

The non-parametric fitted curves in Fig. 1 were produced by estimating a local polyno-
mial regression of the government expenditure GDP ratio on the log of real per capita GDP 
for all observations, and using a second-order polynomial, a Gaussian weighting scheme, 
and two different bandwidths (66% and 33%, as shown in the top and bottom panels of 
Fig. 1 respectively).11 Both panels of Fig. 1 show a clear positive non-linear relationship 
between the two variables. At low levels of income, the positive relation displays a moder-
ate trending pattern, while at intermediate levels, this is at values between 8 and 10; a con-
siderable increase becomes evident followed by a change in the slope at the highest levels. 

11 The application of a span equal to 25% of the data yields results similar to those obtained using a band-
width of 0.50.

Fig. 1  Non-parametric relation-
ship between government 
expenditure (% of GDP) and per 
capita income using different 
bandwidths: 0.66 (upper panel) 
and 0.33 (lower panel)
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Nevertheless, when the span is reduced from 0.66 to 0.33 the non-linearity of the relation-
ship is amplified, with the final part of the curve sloping upward.

This approach implicitly hypothesises equivalence between all pairs of observations, 
regardless of the characteristics of any specific country (e.g. De Benedictis et  al., 2008, 
2009), and, in this sense, may reflect the relationship between government size and GDP 
for an average country. The pattern of this relationship during the process of development 
may be used to test some of the theories proposed to explain the growth of public expendi-
ture during the past century, such as the development models of public sector growth and 
Wagner’s law. Indeed, the stage of development at which a country stands is a crucial con-
sideration for the validity of Wagner’s law. Our findings seem to be consistent with Wag-
ner’s law, since an expanding government accompanies social progress and rising incomes.

In order to assess the relevance of the average-country hypothesis, in Fig.  2 we pro-
vide evidence for the applicability of Wagner’s law for each individual country using the 
long-term components  (S4) of the expenditure GDP ratio and per capita GDP extracted by 
wavelet multilevel decomposition. Two distinct periods may be clearly distinguished, with 
the break occurring at a log value of per capita GDP of around 8.5: in the first period, the 
expenditure-GDP ratio grows moderately, with countries displaying a heterogeneous pat-
tern; in the second period, countries show a strong homogeneous pattern, with the ratio 
first increasing and then decreasing at the highest income values.

4  Co‑integration analysis

Since it is generally assumed that Wagner was referring to the trend in the ratio of gov-
ernment expenditure to GDP,12 this specification is commonly interpreted as a long-run 
relationship. Thus, in the recent literature, co-integration analysis has become the standard 
approach to investigating the existence of a long-run relationship between economic devel-
opment and government activity by testing for both the existence of a long-run relationship 
and the sign, size, and statistical significance of the coefficient of interest (Durevall & Hen-
rekson, 2011; Magazzino, 2012; Shelton, 2007).

Based on the findings presented in Fig.  2, we decided not to run panel data co-inte-
gration analysis, but instead to run co-integration tests for each country.13 Given that we 
only had two variables, and thus there could not be more than one co-integrating vector, 
we applied the Engle–Granger (1987) procedure to test for co-integration.14 Moreover, 
since non-parametric analysis indicated several shifts in the relationship between govern-
ment expenditure and real per capita GDP, we also used the Gregory–Hansen (1996) pro-
cedure that allows the presence of a structural break at an unknown date to be tested for. 
Both tests use the null hypothesis that there is no co-integration, but the alternative in the 
Gregory–Hansen test is co-integration with or without a structural break. When both tests 
rejected the null hypothesis, the presence of co-integration without a structural break was 

13 Repeating time-series estimates for each country in the sample allowed us to retain country-specific 
information, but at the cost of reducing the power of the statistical tests.
14 Co-integrating regression analysis was performed on the natural logarithms of government expenditure 
and per capita GDP series to permit an interpretation of regression coefficients in terms of elasticities.

12 As stated by Musgrave (1969, p. 73, #1) Wagner never made explicit whether he was thinking of a trend 
relationship.
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assessed, but if only the Gregory–Hansen test rejected the null hypothesis could we con-
clude that there was co-integration with one structural break.

Table  1 reports, for each country over the period 1880–2018, the estimates of the 
Engle–Granger co-integrating regression (column β) and co-integration augmented 
Dickey–Fuller (ADF) test statistics (column ADF) along with the Gregory–Hansen co-
integration break test (column GH) for a full regime shift, that is, a change in both the 
intercept and coefficient of the explanatory variable. The co-integrating regression shows 
that the estimate of elasticity, β, is always positive, with most of the coefficient values 
being close to unity; exceptions include Italy and Spain, with values clearly below unity, 
and Switzerland, whose value is more than double. The Engle–Granger co-integration test 
statistics reject the null hypothesis of no co-integration only for Canada, Germany, and the 
USA (at the 5% level). The break dates are of interest where the ADF test is nonsignificant 
and the GH test is significant, that is, for Australia, Denmark, Finland, Portugal, and Swe-
den (at the 1% level), and for Belgium, Great Britain, Japan, and Norway (at the 5% level). 
All in all, even when allowing for a shift of the relationship, the full sample estimate seems 
to be supportive of Wagner’s law for only a limited number of countries.

Since the time span covered by our dataset includes several war years and crisis periods, 
it was found to be useful to split the sample into two subsamples corresponding to pre- and 
post-WWII periods. Moreover, we established a post-1975 subsample, which roughly cor-
responds to the time span most often used in recent empirical literature.15

Table 2 reports the estimates of the Engle–Granger co-integrating regression and the co-
integration ADF test statistics using three different subsamples: 1880–1939, 1951–2018, 
and 1975–2018. Individual countries’ coefficients differ significantly between pre- and 
post-WWII periods. Thus, even when similar over the whole sample, they are the ‘result’ 

Fig. 2  Wagner’s law for each 
country using the long-term 
components of the expenditure 
GDP ratio and per capita GDP 
(1881–2018)

15 There are several reasons to prefer WWII to WWI as the point at which to split the sample into two 
subsamples. WWII, as the deadliest military conflict in history, represents a period of major social and 
economic disruption that was much deeper than that caused by WWI. Indeed, only four countries were 
not involved in WWII (Portugal, Spain, Sweden, and Switzerland), whereas 11 countries were not involved 
in WWI (Sweden, Switzerland, Finland, Norway, Netherlands, Denmark, Spain, Japan, Canada, and Aus-
tralia). This is also reflected in the number of countries for which data are missing, which is much higher 
in WWII than in WWI (as reported in Appendix 1). The two subsamples on which the post-WWII period 
was split (1950–1974, 1975–2018) were selected using the Gregory–Hansen co-integration break test for a 
full regime shift; that is, a change in both the intercept and coefficient of the explanatory variable. The test 
results show that most of the break dates are between 1968 and 1978 (11 countries). As a robustness test of 
the results provided in Table 3, we ran the same regression using alternative break dates around the mid-to-
late 1970s, achieving qualitatively similar results.
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of very different stories. Consider, for example, the coefficients for Denmark and Japan. 
Both are 1.1 in the 1880–2018 period, but while Denmark has a low value (0.42) for the 
pre-WWII period and a higher value (1.25) for post-WWII, Japan displays the opposite 
behaviour: high in the pre-WWII period (1.32) and low after WWII (0.35). Interestingly, 
and consistent with the results of non-parametric analysis, there is clear evidence of a sig-
nificant reduction in the size and variability of the estimate of the elasticity β from the pre-
WWII period to the post-mid-1970s period: the average magnitude decreases from 0.97 to 
0.77 and the variability from 1.08 to 0.38. Moreover, the Engle–Granger co-integration test 
statistic is mostly nonsignificant, the exceptions being Australia, Belgium, France, Great 
Britain, Japan, and Norway in the pre-WWII period, and only Germany in the post-WWII 
period.

Consistent with the results reported in the recent empirical literature on Wagner’s law, 
after the 1970s the estimated coefficients suggest a completely different picture. The esti-
mates of the elasticity β decrease, becoming negative in many cases16 thus implying that 
the expenditure share decreases as GDP grows, with the positive parameters being gener-
ally very low (exceptions include France and Spain, with values close to unity, and, to a 

Table 1  Engle–Granger 
co-integrating regression for the 
1880–2018 period Government/
GDP = α + β (per capita GDP)

All variables in logs. Missing values approximated with: S4 for Bel-
gium, Switzerland, Germany, France, Netherlands; S3 for Spain and 
Norway; S2 for Portugal and Finland. ADF is the Engle–Granger co-
integration test with lag = 1. GH is the Gregory–Hansen co-integration 
test allowing for a regime and trend shift. Significance levels: ***1%, 
**5%, *10%

β ADF GH Break date

Australia 1.399*** −2.778 −6.57*** 1975
Belgium 1.042*** −1.864 −9.44** 1930
Canada 0.914*** −3.154** −4.80 1928
Suisse 2.177*** −2.006 −5.21 1932
Germany 0.706*** −3.178** −4.38 1947
Denmark 1.096*** −2.076 −6.63*** 1969
Spain 0.572*** −1.846 −4.65 1949
Finland 0.658*** −2.209 −9.15*** 1949
France 0.758*** −2.452 −4.43 1927
Great Britain 0.946*** −2.300 −5.88** 1912
Italy 0.504*** −2.077 −5.07 1943
Japan 1.078*** −1.755 −5.92** 1943
Netherlands 0.989*** −2.687 −4.61 1939
Norway 0.797*** −1.980 −5.67** 1947
Portugal 0.728*** −1.639 −6.02*** 1971
Sweden 0.822*** −2.142 −6.20*** 1938
USA 1.403*** −3.405** −5.87** 1930

16 This finding is also reported in Berg and Henrekson (2011). In their survey on the empirical evidence on 
government size and growth, they reported a negative relationship between government spending and eco-
nomic growth in studies covering the last three to four decades of the previous century for OECD (Organi-
sation for Economic Co-operation and Development) countries.
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lesser extent, Portugal and Sweden, with values greater than 0.4). This is in striking con-
trast to what might be expected based on Wagner’s hypothesis.

5  The time‑varying pattern of the long‑term relationship

Based on the evidence provided by both non-parametric and parametric analyses of the 
long-term pattern of the relationship between government expenditure and per capita GDP, 
we investigated the time-varying pattern of the relationship using a rolling panel regres-
sion framework. This parametric method consists of estimating a rolling or centred moving 
regression using a shifting fixed window size, and allowed us to identify the time-varying 
pattern of the long-term relationship between government expenditures and output.

Figure 3 shows the evolution over time of the rolling panel fixed-effect regression coeffi-
cient between the long-term components of the government GDP ratio and per capita GDP, 
estimated with different fixed window sizes set to 25, 30, and 35 years. The windows were 
moved forward by one observation so that we could plot a continuous line of estimated 
coefficients for the relationship between government/GDP and per capita GDP. The coef-
ficient lines are surrounded by a confidence band set at 1.96 times the standard error.

The main results are threefold. First, long-term elasticity changes continuously and con-
siderably during the period examined. Three periods of increase in the estimated coefficient 

Table 2  Co-integration test for different sub-periods

See Table 1. Mean group reports the average value of individual countries’ estimates

1880–1939 1950–2018 1975–2018

β ADF β ADF β ADF

Australia 1.574** −3.755** 0.748*** −1.347 0.019 −1.764
Belgium 1.577*** −3.512** 0.714*** 0.158 −0.133*** −0.499
Canada 0.473*** −2.250 0.765*** −0.967 −0.205*** −2.513
Suisse 3.392** −1.986 1.947*** −2.023 0.363*** −3.770**
Germany −0.806*** −2.011 0.396*** −4.593*** −0.152*** −4.171**
Denmark 0.427*** −3.064 1.254*** −0.574 0.143** −1.109
Spain 0.854*** −1.840 0.887*** −0.094 1.292*** −0.733
Finland 1.229*** −2.740 0.687*** −1.105 0.311*** −2.339
France 0.384* −3.387* 0.831*** −0.775 0.873*** −1.576
Great Britain 3.209*** −3.184* 0.254*** −1.772 −0.119*** −1.901
Italy 0.590** −2.889 0.817*** −1.013 0.331*** −1.015
Japan 1.325*** −3.186* 0.351*** −1.405 0.320*** −1.827
Netherlands −0.339* −2.350 0.651*** −1.684 −0.302*** −2.059
Norway 0.228** −3.489** 0.596*** 0.650 −0.059 −0.845
Portugal 0.575** −1.981 0.860*** −0.603 0.437*** −1.610
Sweden 0.440*** −2.982 0.854*** −1.655 0.462*** −2.239
USA 1.359*** −2.844 0.558*** −1.414 0.103*** −1.959
Mean group 0.97 0.77 0.22
SD 1.08 0.38 0.41
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are clearly detected—one before each world war and one in the 1960s—followed by a 
considerable decrease in long-term elasticity since the 1980s.18 Second, the up and down 
swings tend to occur around an average elasticity not far from unity in the first part of the 
sample, a value that is almost halved after the 1960s. Third, the confidence bands shrink 
progressively over time, a result consistent with the estimates reported in Table 2 using dif-
ferent subsamples.

6  Absolute or relative long‑term growth rate pattern?

The measure that researchers usually look at when studying Wagner’s law is government 
spending as a share (percent) of GDP. However, the same long-term evolution of the gov-
ernment expenditure GDP ratio may be produced by two completely opposite patterns: in 
fact, government size can grow in relative terms either because government growth has 
accelerated relative to GDP growth or because of a decline in the rate of growth of GDP 
relative to government expenditure. Therefore, in Figs. 4 and 5 we present, respectively, the 
first two moments of the growth rate pattern of the government expenditure GDP ratio as 
well as its components—that is, absolute government expenditure and GDP, both in real 
terms.17

The upper panel of Fig.  4 shows notable differences between countries in the long-
term component of the growth rate of the government expenditure and GDP in real terms 
throughout the sample.18 These differences provide us with evidence on the variation in 
the long-term growth rate pattern of the relative government spending of each country.19 
Two main findings are in evidence: the wave-like pattern of the long-term growth rate of 
the government expenditure/GDP ratio (Crowley, 1970), and the break in the cross-country 
pattern. In particular, the high degree of cross-country heterogeneity typical of the pre-
1960s period is followed by a period of increasing synchronisation between countries in 
terms of the long-term pattern of the growth rate of relative government spending, in coin-
cidence with the rapid growth of the public sector which was mainly driven by the post-war 
expansion of the welfare state (from 1960 to 1980).

The high degree of cross-country heterogeneity in the long-term patterns in the first 
part of the sample made the detection of a common pattern a very difficult task. Thus, 
in each panel of Fig.  4 we have drawn a thick line representing the cross-country aver-
age. Three long swings can now be clearly detected with peaks occurring in the 1910s, 
late 1930s, and early 1970s. The first two expansionary waves precede each of the two 
world wars and correspond to periods of pre-war armament booms. The third, covering a 
period of 30–35 years following WWII, coincides with the stimulus given to the economy 
by governments involved in the reconstruction effort after WWII which culminated in the 
boom of the 1960s. Finally, following the peak of the early 1970s, a reduction in the public 
expenditure growth relative to GDP culminates in the trough of the early 1990s and is fol-
lowed by a small increase in the first decade of the twenty-first century.

17 Although government size is expressed as the ratio between current values, we used their real growth 
rates because of the different incidence of the inflation rate across periods in the post-WWII era.
18 Long-term components were extracted through the MODWT applying the LA(8) Daubechies wavelet 
filter with reflecting boundary conditions and represent fluctuations greater than 32 years.
19 Recall that the growth rate of a ratio is approximately equal to the difference of the growth rates of the 
numerator and denominator.
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Furthermore, we split and observed separately the growth rates of two components of 
the expenditure/income ratio. The middle and bottom panels of Fig. 4 show, for each coun-
try, the long-term pattern of the real growth rate of government expenditures and GDP, 
respectively, with the thick line representing the cross-country average historical trend of 
the two variables. Two things are worth noting. The first is the strong resemblance between 
the long swings in the growth rate of public expenditure in absolute and relative terms.20 
By contrast, the long-term pattern of the GDP growth rate displays quite a uniform pattern 
over the whole sample, with a unique large peak in the early 1960s.

Therefore, the growth rate of government expenditure in absolute terms may be con-
sidered the key variable for capturing long-term variations in the public sector share of 
GDP. The second most important variable, measured by the standard deviation of the 
long-term growth rate components and displayed in Fig. 5, is the striking reduction in the 

Fig. 3  Rolling panel fixed effects 
regression coefficient of the gov-
ernment expenditure ratio on per 
capita GDP using fixed window 
sizes of 25, 30, and 35 years

20 The value of the contemporaneous correlation between the long-term growth rates of government 
expenditure in relative and absolute terms is 0.61.
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Fig. 4  Long-term growth rates 
in government expenditure-GDP 
ratio (top panel), real govern-
ment expenditure (middle panel), 
and real GDP (bottom panel) for 
each country along with average 
values (solid lines) from 1881 
to 2018

Fig. 5  Standard deviation of the 
long-term growth rates in gov-
ernment expenditure-GDP ratio 
(dashed line), real government 
expenditure (dotted line), and 
real GDP (solid line) from 1881 
to 2018
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cross-country heterogeneity of the long-term trend patterns. This reduction, more evident 
for absolute government expenditure than for GDP, starts in the post-WWII period for gov-
ernment spending and after the 1960s for real GDP. Other differences include the greater 
variability of the long-term growth rate pattern of government spending with respect to its 
GDP counterpart,21 and the increasing divergence among the GDP growth trends of dif-
ferent countries at the beginning of the twenty-first century. This last finding represents an 
inversion of the tendency to higher synchronisation that characterised GDP patterns in the 
second half of the twentieth century, and the timing seems to be consistent with the hetero-
geneous effects of globalisation on the economic growth of individual countries.

To summarise, visual inspection of the long-term pattern of the growth rate of govern-
ment expenditures, both individually and in relation to GDP, suggests several interesting 
findings: (i) there is evidence consistent with Wagner’s law in absolute terms; (ii) notwith-
standing considerable cross-country heterogeneity until the late 1950s, several expansion-
ary waves can easily be identified in the two pre-war armament booms prior to each world 
war and in the ‘golden age of government expenditure’; (iii) the degree of cross-country 
heterogeneity in the trending pattern of absolute and relative spending, which is high in the 
pre-WWII period, decreases considerably in the post-WWII period (as evidenced by the 
reduction of the confidence band over time in Fig. 3 and the convergent pattern displayed 
in the final part of each panel of Fig. 4).

7  Discussion and conclusion

The empirical evidence provided in this paper may have interesting implications for the 
reconciliation of the contrast between the variety and plurality of theoretical approaches 
and the consensus that seems to have emerged when applying the most recent statistical 
and econometric methods to the post-WWII period. Our main findings may be summarised 
as follows. First, there is a long-term positive relationship between government size and 
per capita income that emerges clearly from the results of the different methods applied in 

Table 3  Presence of missing data 
by country

Australia 1880–1900

Belgium 1914–1923; 1925–1926; 1928–
1929; 1931–1932; 1940–1942; 
1944–1945

Germany 1914–1924; 1935–1949
Finland 1880–1881
France 1914–1924; 1939–1945
Japan 1944–1946
Netherlands 1914–1922; 1940–1948
Norway 1880
Portugal 1914–1916
Spain 1936–1939
Switzerland 1880–1898; 1914–1928

21 Real GDP growth rate values are mostly concentrated in the 0–5% range.
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this study, i.e. non-parametric regressions (Fig. 1), co-integration analysis (Table 1), and 
rolling regressions (Fig. 3). Second, the positive pattern is strongly non-linear, as it is evi-
dent from the analysis of the relationship between the long-term components (Fig. 2) and 
the results of co-integration analysis for historical sub-periods (Table 2). Moreover, as a 
further and specific aspect of the non-linearity just discussed, we may observe a strong 
weakening, and even a possible inversion, of the relationship at very high levels of devel-
opment (first panel of Fig.  1; more clearly in Fig.  2) and in later years, as signalled by 
several negative coefficients in the co-integration of the 1975–2018 period (Table 2). The 
inversion of the sign of the relationship is probably responsible for the fall to zero, in the 
very final years, of the coefficients of the rolling regressions (Fig.  3). Third, three long 
waves are detected when we consider the whole sample period: two which correspond to 
the world wars, and the last in the post-WWII period. These waves may be easily detected 
by rolling regression analysis (Fig. 3), and by the long-term components of growth rates 
(Fig. 4). Lastly, we find an increasing synchronisation of the ‘cross-country’ pattern which 
is confirmed by the fall in the standard deviation of the coefficients of the co-integration 
analysis (Table 2), the progressive shrinking of the confidence bands of the rolling regres-
sions (Fig. 3), and the reduction, at the end of the sample, of the standard deviation of the 
long-term components of the growth rates, for both absolute and relative (to GDP) govern-
ment expenditure (Fig. 5).

Theories aiming to explain the long-term evolution of relative government spending are 
required to capture this articulated set of results. While some of the theoretical hypotheses 
highlighted in the introduction are clearly useless for the interpretation of our results (but 
possibly consistent with other perspectives, e.g. Alesina & Wacziarg, 1998), our view is 
that, although no single theory can satisfactorily account for the complex historical process 
of government spending, a combination of them might.

Wagner’s initial hypothesis, together with some qualifications of it (North, 1991, 2003; 
Rodrik, 1998), can address the long-run positive relationship and, according to some inter-
pretations, its non-linearity given the relative weakening of the relationship at later stages 
of development. A parallel, and not necessarily conflicting, interpretation is Musgrave’s 
(1969) hypothesis about the link between the non-linear shape of the relationship and dif-
ferent needs at different stages of development. Finally, Baumol’s (1967) disease, based on 
the lack of growth of productivity in public services, could also provide a partial explana-
tion of the positive long-run relationship.

Nonetheless, none of the previous theoretical approaches can explain the weakening 
of the relationship, the presence of long waves, and the increasing synchronisation pat-
tern. The ‘ratchet effect’, that is, the view that government expenditure tends to evolve in a 
step-like pattern represented by an acceleration of the growth rate occurring around peri-
ods of social upheaval (Besley & Persson, 2008; Bird, 1971, 1972; Higgs, 1985; Peacock 
& Wiseman, 1961), is consistent with the pre-WWII evidence, which is characterised by 
expansionary long waves corresponding to pre-war armament boom and war periods, and 
heterogeneity in the pattern of government spending. However, the ‘ratchet effect’ cannot 
explain the third wave of the post-WWII period, nor is it useful for the rest of our evidence.

The third wave, along with the weakening of the relationship, may be clarified to some 
extent by a mix of two contributions. First, Peltzman’s (1980) idea that strong redistributive 
policies were the main source of the growth of government in developed economies after 
WWII, due to the growth of some social and political groups, such as the ‘middle class’. 
Second, Acemoglu and Verdier’s (2000, p. 195) hypothesis, according to which ‘in richer 
economies, the productivity in the private sector is higher, so, the opportunity cost of gov-
ernment intervention is also greater’. This paper proposes an interesting interpretation of 
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the role of both market failures and state failures in society, along with the possible social 
reactions to them, which we consider useful for providing a general view of the features 
of the evolution of government size in recent decades. Since the third long wave occurs 
in coincidence with the evidence for the country synchronisation pattern, theories that 
emphasise individual country-specific features are unlikely to provide complete interpreta-
tion of the post-WWII evidence and valid explanations for the strong convergent pattern 
in government spending observed in almost all countries from the 1960s.22 Hence, theo-
ries that refer to the general motivation for public intervention in the economy are natural 
candidates.

In the post-war era, ideology (i.e. Keynesianism) may have been the root cause of the 
expansion of government driven by the welfare state. The rapid expansion in the absolute 
and relative size of the public sector between 1950 and 1970 was the consequence of a pos-
itive attitude towards an interventionist role for government with respect to market failures 
in industrialised economies and the introduction and/or expansion of welfare state policies 
(Tanzi & Schuknecht, 2000). Following the post-war expansion of the welfare state, the 
emergence of the public choice school (Buchanan, 1975) reflected an increasing awareness 
of the limitations of government when correcting the failures of the market. Government 
failure theorists raised doubts about the efficacy of optimal public policies to correct mar-
ket failures on the grounds that such policies may create costs and inefficiencies consider-
ably greater than that of market failure. This favoured a rethinking of the appropriate role 
of government, with regulatory activities replacing direct production of services and price 
controls within the objectives of public policy. After this shift in ideological belief on the 
role of government (Tanzi, 2011), the view that emerged was reflected in the slowing down 
of absolute and relative growth in public spending and GDP which can be observed in 
all countries. Since the mid-1970s, government expenditure kept growing at lower pace 
compared with the 1970s in almost every sampled country, with the growth rate of public 
spending now stabilised within the 0–2% range and still slowing.23 Although our interpre-
tation is based on conjectures rather than testable hypotheses, we believe that the shift in 
ideological belief on the role of government from a focus on market to government failures 
appears to be the most plausible explanation for the actual general downward tendency of 
government expenditure growth.24

Many authors have suggested that government size is linked to citizens’ willingness 
to pay taxes, something that is likely to depend on subjective, collective, political, and 

22 As mentioned in Sect. 2, our sample included developed countries differing in several country-specific 
features.
23 The combination of theories of market and state failures is also at the heart of the explanation of the 
non-linear, inverted U-shaped relationship between GDP growth and government size, i.e. the Armey curve, 
within the approach to optimal government size (Facchini & Melki, 2013; Grossman, 1987; Vedder & Gall-
away, 1998). An interesting result of this literature is the country specificity of the optimal government size, 
measured by public expenditure GDP ratio. This optimal ratio seems to have been overcome during the sec-
ond half of the twentieth century by all countries with the consequence of exacerbating the negative effects 
of an excessive and growing burden of government size on the efficiency of the economy.
24 The shift in the prevailing ideology with respect to the market/state relationship has been also examined 
from a socio-political perspective. On the one hand, both countries with majoritarian electoral rules and 
those with proportional representation exhibited a leftward swing in the 1950s and 1960s, followed by a 
rightward shift in the 1990s (Pickering & Rockey, 2011). On the other hand, a growing market orientation 
(‘neoliberalism’) of left or centre-left (political) elites has been observed (Mudge, 2008). See also Pickering 
and Rockey (2011), which shows that the prevailing ideology can be a relevant determinant of government 
size.
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historical features. For instance, Acemoglu and Verdier (2000) suggest that we should 
expect a decline in the optimal size of government ‘unless the extent of market failures 
increases relatively rapidly’.

In recent decades, two types of market failure have emerged which are likely to worsen 
in the near future, especially the latter: the upsurge of income inequality, and global warm-
ing. Together with the present pandemic, they represent challenges that demand a global 
collective response because of the huge social costs associated to them. It is thus possible 
that these global events may pave the way for another change in the prevailing ideology—a 
turn to government, in the sense of a ‘shift or toleration for a wider scope of effective gov-
ernmental authority over economic decision-making’ (Higgs, 1985).

Almost 40 years after the famous declaration by the American president Bill Clinton in 
his 1996 State of the Union Address that ‘the era of big government is over’, can it now be 
said that, as Krugman recently titled an article in The New York Times (11 March 2021), 
‘the era of “the era of big government is over” is over’?

8  Appendix 1: Dataset

Data for government expenditure and per capita income were taken from different sources. 
Per capita income data were taken from the Maddison Project Database 2018 (available at 
https:// www. rug. nl/ ggdc/ histo rical devel opment/ maddi son/ relea ses/ maddi son- proje ct- datab 
ase- 2018). For government expenditure data, several different sources of historical data 
were available. We relied on the long-term IMF dataset Public Finance in Modern History 
(based on Mauro et al., 2015), available at this address: http:// www. imf. org/ exter nal/ datam 
apper/ index. php. The dataset refers to ‘general’ government expenditures and potentially 
covers all world countries for the period 1800–2018, although data from the nineteenth 
century are available for only a few of them. We used 1880 as the initial year of the study 
period, as data for periods prior to this year are scarce. The dataset was updated to 2018 
using data from IMF Fiscal Monitor. Population data are taken from the Jordà–Schular-
ick–Taylor (JST) Macrohistory Database, available at: http:// www. macro histo ry. net/ data/. 
Although data for 21 countries from 1880 onwards are available, for robustness purposes 
we selected a subset of 17 countries—those included in the JST database—because their 
data on public expenditure refer to ‘central’ rather than ‘general’ government expenditure. 
The complete list of countries includes Australia (AUS), Belgium (BEL), Canada (CAN), 
Germany (DEU), Denmark (DNK), Finland (FIN), France (FRA), Great Britain (GBR), 
Italy (ITA), Japan (JPN), Netherlands (NLD), Norway (NOR), Portugal (PRT), Spain 
(ESP), Sweden (SWE), Switzerland (CHE), and the United States (US).

The historical datasets suffered from missing data, mainly concentrated in war years. 
Table 1 provides the list of countries and their associated missing data in our dataset. The 
treatment of missing data is explained in the last part of Sect. 2 in the main text.

9  Appendix 2: Some basic concepts on wavelet analysis

The wavelet transform provides a time–frequency representation of the signal using a set 
of orthogonal basis functions, named wavelets. The base of the wavelet transform, the 
wavelet, is designed on the basis of some desired properties associated with that function, 

https://www.rug.nl/ggdc/historicaldevelopment/maddison/releases/maddison-project-database-2018
https://www.rug.nl/ggdc/historicaldevelopment/maddison/releases/maddison-project-database-2018
http://www.imf.org/external/datamapper/index.php
http://www.imf.org/external/datamapper/index.php
http://www.macrohistory.net/data/
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admissibility and regularity conditions. According to the admissible condition, the wavelet 
must oscillate so that its mean value is equal to zero:

According to the regularity condition, the wavelet has exponential decay so that it must 
oscillate, and is localised in the sense that it decreases rapidly to zero as t tends to infinity:

All the wavelet functions used in the transformation are generated from a basic wavelet 
function ψ(u), called the mother wavelet, through translation (shifting) and scaling (dilation 
or compression) of the mother wavelet. The mother wavelet, defined as:

is a function of two parameters s and u. The translation or location parameter u indi-
cates where the wavelet is centred along the signal and where it is shifted through the 
signal. Thus, it corresponds to the time information in the wavelet transform. The scaling 
or dilation parameter s controls the length of the wavelet and is defined as the inverse of 
frequency and corresponds to frequency information. Scaling either dilates (expands) or 
compresses a signal. Large scales (low frequencies) dilate the signal and provide detailed 
information hidden in the signal, while small scales (high frequencies) compress the signal 
and provide global information about the signal.

A parsimonious representation of the evolution over time of the periodic components 
of a signal is provided by the discrete wavelet transform (DWT), which uses only a limited 
number of translated and dilated versions of the mother wavelet to decompose the original 
signal in such a way that the information contained in the signal can be summarised in a 
minimum number of wavelet coefficients. The DWT proceeds by the pyramid algorithm. 
Applying the DWT reduces the original N data points into two series of length N/2: one 
of these contains the smoothed  information22 and the other contains the detailed informa-
tion. By keeping the details and doing an additional transform of the smoothed series we 
can produce two series of length N/4, with smoothed and detailed information, and so on. 
If the original time series was some power of 2, N =  2 J, then the number of coefficients at 
the end would total N, and would contain all of the information in the original time series, 
organised according to scale and location, the number of coefficients at each scale being:

The deconstruction of the function f(t) is therefore:

with N/2 J  sJ,k coefficients, N/2 J  dJ,k coefficients, N/2 J−1 dJ−1,k coefficients … and N/2  d1,k 
coefficients. Further, the approximation can be rewritten in terms of collections of coef-
ficients at given scales as:
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where SJ contains the ‘smooth component’ of the signal, and the Dj, j = 1, 2,..J, the detailed 
signal components at ever increasing levels of detail. SJ provides the large-scale road map, 
while D1 shows the pot holes. The previous equation indicates what is termed the ‘multi-
resolution decomposition’, where a signal is decomposed into several components, each 
associated with a different frequency band, with a resolution matched to its scale. Specifi-
cally, by using multi-resolution technique by which different frequencies are analysed with 
different resolutions the wavelet transform gives good time resolution and poor frequency 
resolution at high frequencies, and good frequency resolution and poor time resolution at 
low frequencies.

By sequentially adding the detail level components D4, D3, D2 to the lower ‘smooth’ 
component  S4 we obtain three additional levels of approximation: S3, S2, and S1. The higher 
the index, the smoother the function: S1 captures fluctuations greater than 4 years,  S2 
greater than 8 years, and S3 greater than 16 years. Table 3 presents the frequency domain 
interpretation in terms of periods for each detail and the approximation where annual data 
were used.

See Table 4.
In practical applications, the maximal overlap discrete wavelet transform (MODWT) is 

used instead of the DWT. The MODWT is a compromise between the continuous wavelet 
transform (CWT), with continuous variations in scale, and the DWT which uses only a 
limited number of translated and dilated versions of the mother wavelet to decompose the 
original signal. The MODWT is highly redundant so that the transformations at each scale 
are not orthogonal, but the offsetting gain is that applying the transform leaves the phase 
invariant—a very useful property when analysing transformations—and the transform is 
not restricted to limitations imposed by the dyadic expansion used by the DWT. Indeed, 
because of the practical limitations of the DWT, wavelet analysis is generally performed by 
applying the MODWT, a non-orthogonal variant of the classical discrete wavelet transform 
that, unlike the DWT, is (i) translation-invariant, as shifts in the signal do not change the 
pattern of coefficients, (ii) can be applied to datasets of length not divisible by  2J, and (iii) 
returns at each scale a number of coefficients equal to the length of the original series.
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f (t) ≈ SJ + DJ +⋯ + Dj +⋯ + D1

Table 4  Frequency interpretation 
of detail and approximation 
levels

Detail level, Dj Years Approximation 
level, SJ

Years

D1 2–4 S1 from 4 to ∞
D2 4–8 S2 from 8 to ∞
D3 8–16 S3 from 16 to ∞
D4 16–32 S4 from 32 to ∞
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mons licence, and indicate if changes were made. The images or other third party material in this article 
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
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