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Abstract
This study assesses the tax-spend nexus in Germany, the United Kingdom (UK), France, Italy and Spain using

quarterly data for the period 1995–2019. Different from previous studies, we test for changes in the causality links

between government expenditures and revenues because the recent economic crisis and political changes in these
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we found that the direction of causality in the tax-spend nexus for these countries significantly changed after the 2008

crisis and a series of recovery and stability policies implemented over 2010–2012. While there are several periods

before and during the crisis where institutional separation hypothesis prevailed, the after-crisis data support

uninterrupted causality links between revenues and expenditures in all countries: tax-and-spend in Germany, the UK

and Italy; spend-and-tax in France; and fiscal synchronization in Spain.
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1. Introduction 
 

When the financial crisis hit European countries in 2008, the fiscal measures 

implemented to reduce its negative effects led to a sharp deterioration in their budget/debt 

positions. While public expenditures were successively failing to adjust to the level and 

trajectory of the revenues, the average debt-to-GDP ratio in the region reached 86.1% in 2010. 

To contain concerns of sovereign debt crisis and to convince the market that their leaders would 

protect the economic stability in the region, the European Financial Stability Facility (EFSF) 

was temporarily instituted in May 2010. On other fronts, the European Union took a series of 

measures to strengthen its economic governance, limit increases in the budget deficit and avoid 

excessive growth of debt as a percentage of GDP. Such actions were based on legislative 

changes to ratify and strengthen the Stability and Growth Pact (SGP), such as the Six Pack 

(December 2011), the Two Pack (May 2013) and the Fiscal Compact (January 2013). 

This research assesses the effects of these events on the causality between government 

revenues and expenditures in Germany, the United Kingdom (UK), France, Italy and Spain. 

These countries form a fairly diverse portrait of the richest nations in Europe so far as 

macroeconomic performance and fiscal position are concerned, and they are the largest 

economies in Western Europe. Their fiscal performance is critical for the whole region. From 

an econometric viewpoint, besides providing recent evidence on the tax-spend nexus for these 

countries, this article expands the existing literature by testing for changes in the direction of 

causality between revenue and expenditure. To this end, we employ Shi et al.’s (2018) causality 

test in a bivariate vector autoregression (VAR) model using quarterly time series for the period 

1995–2019. 

There are four hypotheses regarding the tax-spend nexus: (1) the tax-and-spend 

hypothesis, when changes in revenues temporally precede changes in expenditure (Friedman 

1978, Buchanan and Wagner 1978); (2) the spend-and-tax hypothesis, when expenditure 

decisions come first and government revenues eventually adjust to it (Peacock and Wiseman 

1979, Barro 1979); (3) the fiscal synchronization hypothesis, when changes in revenues and 

expenditures are jointly determined (Musgrave 1966, Meltzer and Richard 1981); and (4) the 

institutional separation hypothesis, which states that there is no temporal ordering of revenue 

and expenditure changes (Cameron 1978, Wildavsky 1988).  

The empirical literature on the tax-spend nexus is vast and covers many countries. For 

those countries considered in this study, we found 11 articles that use recent data. Studies based 

on VAR and vector error correction models yielded mixed results (Chang et al. 2002, Castro 

et al. 2004, Kollias and Paleologou 2006, Saunoris and Payne 2010, Lusinyan and Thornton 

2012, Paleologou 2013). The ones employing panel data models, which include other European 

countries, supported the fiscal synchronization hypothesis in the region when using more 

traditional approaches (Chang and Chiang 2009, Vamvoukas 2012) and different unidirectional 

causality hypothesis across countries when the Kónya (2006) bootstrap panel techniques are 

applied (Afonso and Rault 2009, Mutascu 2015). Despite their methodological differences, the 

common feature in these studies is the time-invariant structure of their econometric model. 

This may be a strong assumption because economic cycles and political changes generally 

affect the fiscal framework and consequently the tax-spend nexus. In fact, as Afonso and Rault 

(2009) found in their analysis of the subsamples 1960–1985 and 1986–2006, there was some 

shifting in the direction of the causality patterns after 1985, which might have resulted from 

adjustments of fiscal behavior in the run-up to Economic and Monetary Union.  

The next section of this article presents the methodology. Section 3 describes the 

data set. Section 4 reports the econometric results. Section 5 summarizes the concluding 

observations. 

 



 

 

2. Methodology 
 

We test for causality in the tax-spend nexus based on the following bivariate P-th order 

VAR,  

௧ݎ}  = ∑ �ଵ଴ሺ݅ሻݐ௜.ଵ௜=଴ + ∑ �ଵଵሺ݅ሻ. ௧−௜�௜=ଵݎ + ∑ �ଵଶሺ݅ሻ. ௧−௜�௜=ଵݏ + ݁௥,௧−௜ ,ݏ௧ = ∑ �ଶ଴ሺ݅ሻݐ௜ .ଵ௜=଴ + ∑ �ଶଵሺ݅ሻ. ௧−௜�௜=ଵݎ + ∑ �ଶଶሺ݅ሻ. ௧−௜�௜=ଵݏ + ݁௦,௧−௜ ,   (1) 

 

where ݎ௧ and ݏ௧ are government revenues and expenditures, �௝௞ሺ݅ሻ are coefficients, P is the lag 

length, and ݁௥,௧−௜ and ݁௦,௧−௜ are error terms, t = 1, 2, …, T. When expenditures are important in 

predicting future values of revenues, then expenditures are said to Granger-cause revenues, and 

vice versa. It is important to emphasize that Granger causality is based on the forecasting 

criteria of Granger and does not necessarily imply behavioral causation.  

In the system of equation (1), when ݎ௧ and ݏ௧ are stationary, the null hypotheses of no 

causality are: 

ሺ௥↛௦ሻ,଴: �ଶଵሺ݅ሻܪ  = Ͳ ݂ݎ݋ ��� ݅   ሺݎ௧ ݏ ܥܩ�ܦ௧ሻ,       (2) 

ሺ௦↛௥ሻ,଴: �ଵଶሺ݅ሻܪ  = Ͳ ݂ݎ݋ ��� ݅   ሺݏ௧ ݎ ܥܩ�ܦ௧ሻ,       (3) 

 

where ܥܩ�ܦ means does not Granger cause. Rejection of only ܪሺ௥↛௦ሻ,଴ (or ܪሺ௦↛௥ሻ,଴) is 

evidence of the tax-and-spend (or the spend-and-tax) hypothesis. Rejection of both ܪሺ௥↛௦ሻ,଴ 

and ܪሺ௦↛௥ሻ,଴ implies fiscal synchronization, and a failure to reject both null hypotheses means 

institutional separation. 

We determine and date changes in Granger causality based on the recursive evolving 

supremum Wald test (RE) developed recently by Shi et al. (2018).1 To explain the RE testing 

procedure, consider the VAR model (1) written as 

௧ݕ  = Φݔ௧ + ݁௧,           (4) 

 

where ݕ௧ = ሺݎ௧, ௧ݔ ,′௧ሻݏ = ሺͳ, ,ݐ ,௧−ଵ′ݕ ,௧−ଶ′ݕ … , ௧−�ሻ′, ݁௧′ݕ = ሺ݁௥,௧, ݁௦,௧ሻ′, and Φଶ×ሺଶ�+ଶሻ =[�଴, �ሺͳሻ, … , �ሺܲሻ].  
The test proceeds as follows. Suppose λ is some fractional observation of interest and 

the ߣ଴ is the minimum window size, as a percentage of the whole sample, set to estimate the 

VAR model (1). The first observation of interest is, therefore, ఒܶ0 = . ہ where ,ۂ଴ߣܶہ  denotes ۂ

the integer part function. The RE window test is based on the supremum of a series of 

recursively calculated Wald statistics ఒܹሺ௜↛௝ሻሺ�఑ሻ, ݅ = ,ݎ ,ݏ ݆ = ,ݎ ,ݏ ݅ ≠ ݆. Considering the case 

of ܪሺ௥↛௦ሻ,଴, a set of Wald statistics { ఒܹሺ௥↛௦ሻሺ�ଵሻ, … , ఒܹሺ௥↛௦ሻ(�ሺఒ−ఒ0ሻ)} is computed for each ߣ ,଴ߣ]∋ ͳ], where 

 ఒܹሺ௥↛௦ሻሺ�఑ሻ = [ܴ௥௦݁ݒ�(Φ̂఑)]′[ܴ௥௦(Ω̂఑⨂ሺܺ఑′ܺ఑ሻ−ଵ)ܴ′௥௦]−ଵ[ܴ௥௦݁ݒ�(Φ̂఑)],   (5) 

 

 
1 Shi et al. (2018) examined three similar time varying Granger causality tests: the forward, rolling and recursive 

evolving tests. Based on their simulations, for a sample size close to this study’s, Shi et al. (2018) suggested the 
RR testing approach is the most balanced, with false detection proportions and successful detection rates generally 

between the other tests. 



 

�఑ is the subsample [ߢ, ఒܶ], ߢ = ͳ,ʹ, … , ߣሺܶہ −  ௥௦ is the P×(2P+2) matrix of values 0ܴ ,ۂ଴ሻߣ

and 1 that set the corresponding coefficients of Φ to zero under ܪሺ௥↛௦ሻ,଴, ݁ݒ�(Φ̂఑) contains the 

row vectorized 2(2P+2)×1 coefficients of Φ estimated for �఑,  ܺ ఑ is the matrix of the regressors 

in (4) observed in �఑, and Ω̂఑ is the least squares estimate of the error covariance matrix in �఑. 

The sup Wald test statistic of ܪሺ௥↛௦ሻ,଴ for the observation ఒܶ is, therefore, the supremum 

taken over all the test statistics in the set { ఒܹሺ௥↛௦ሻሺ�ଵሻ, … , ఒܹሺ௥↛௦ሻ(�ሺఒ−ఒ0ሻ)},  

 ܵ ఒܹሺ௥↛௦ሻ = }݌ݑݏ ఒܹሺ௥↛௦ሻሺ�఑ሻ: ߢ ∈ [ͳ, ሺߣ −  ଴ሻ]}.      (6)ߣ

 

As the observation of interest moves from ఒܶ0 to ܶ, a sequence of supremum Wald statistics ܵ ఒܹሺ௥↛௦ሻ
 is calculated for ߣ ∈ ,଴ߣ] ͳ]. In the case of ܪሺ௦↛௥ሻ,଴, the statistics ఒܹሺ௦↛௥ሻሺ�఑ሻ and a 

sequence of supremum Wald statistics ܵ ఒܹሺ௦↛௥ሻ
 are computed in the same fashion. The 

sequences of ܵ ఒܹሺ௥↛௦ሻ
 and ܵ ఒܹሺ௦↛௥ሻ

 are then employed to determine the intervals in which ܪሺ௥↛௦ሻ,଴ and/or ܪሺ௦↛௥ሻ,଴ are rejected. For instance, if the sequence of only ܵ ఒܹሺ௥↛௦ሻ
 (or ܵ ఒܹሺ௦↛௥ሻ

) exceeds its corresponding critical values in the interval [ ௔ܶ, ௕ܶ], we reject ܪሺ௥↛௦ሻ,଴ 

(or ܪሺ௦↛௥ሻ,଴), and thus have support for the tax-and-spend (or the spend-and-tax) hypothesis in 

this period. 

The minimum window sizes ߣ଴ are set equal to fractions that correspond to 20 

quarters of data for all countries. The VAR lag order for each subsample �఑ used in the Wald 

statistic calculations is allowed to change and is selected by the Akaike information criterion 

from a maximum of four lags. We use the heteroskedastic consistent version of the Wald 

statistics,  

ఒሺ௜↛௝ሻܪܹܵ  = ݌ݑݏ :ఒሺ௜↛௝ሻሺ�఑ሻܪܹ} ߢ ∈ [ͳ, ሺߣ −  ଴ሻ]},      (7)ߣ

 

where  

ఒሺ௜↛௝ሻሺ�఑ሻܪܹ  = ܶሺߢሻ[ܴ௜௝݁ݒ�(Φ̂఑)]′[ܴ௜௝(ܸ̂఑−ଵŴ఑ܸ̂఑−ଵ)ܴ′௜௝]−ଵ[ܴ௜௝݁ݒ�(Φ̂఑)],  (8) 

 ݅ = ,ݎ ,ݏ ݆ = ,ݎ ,ݏ ݅ ≠ ݆, ܸ̂఑ ≡ ఑ with ܳ̂఑̂ܳ⨂�ܫ ≡ (∑ ௧��௧=఑′ݔ௧ݔ )/ܶሺߢሻ, ܹ̂఑ ≡ (∑ �௧̂�̂′௧��௧=఑ )/ܶሺߢሻ 

with �௧̂ ≡ ݁̂௧⨂ݔ௧, and ܶሺߢሻ is the size of the subsample �఑. We also use the residual-based 

bootstrap critical values (estimated from 1,000 replications). Although the bootstrap critical 

values are greater than the standard asymptotic critical values of the Wald statistic, Shi et al. 

(2018) suggest using the former in small samples. The VAR model and sup Wald statistics are 

estimated by running the MATLAB codes provided by the authors. 

 

 

3. Data and Unit Root Tests 
 

The data comprise seasonally adjusted quarterly time series for total government 

revenues and expenditures (including interest payments) as a share of GDP collected from the 

Eurostat online database (http://www.econstat.com). Following other studies, we use the 

revenues and expenditures as a share of GDP to account for fluctuations of aggregate economic 

activity. The data cover the periods January 1995-June 2019 for France, Spain and the UK; 

http://www.econstat.com/


 

October 1999-June 2019 for Italy; and October 2000-June 2019 for Germany. A plot of the 

variables results is presented in Figure 2 (Appendix). 

We assess the stationarity properties of ݎ௧ and ݏ௧ to verify whether the restrictions 

imposed in ܪሺ௥↛௦ሻ,଴ and ܪሺ௦↛௥ሻ,଴ and their corresponding test statistics are adequate to test the 

hypotheses of no causality in the VAR model (1). Note, however, that the presence of structural 

breaks in these series, which can be anecdotally perceived in Figure 2 for the 2008 financial 

crisis, would bias traditional unit root tests toward a false unit root null hypothesis. Therefore, 

we employ the two most traditional unit root tests, augmented Dickey-Fuller (ADF) and 

Philips-Perron (PP) tests and the Perron and Vogelsang (1992) (PV) unit root test with one 

unknown structural break. The tests are performed considering the intercept plus linear trend 

model and, in the case of PV, one innovation outlier structural break. The unit root test statistics 

are reported in Table 1. Overall, the results suggest that all revenue series are stationary. For 

the expenditure series, however, stationarity is found only when accounting for one structural 

break. The break dates indicated by the tests were mostly concentrated near or in 2008. 

 

Table 1. Unit root test results 
 Revenues Expenditures 

Country ADF PP PV ADF PP PV 

Germany −4.26* −4.32* −6.00* −2.17 −3.27*** −5.46* 
   (12/2008)   (06/2008) 

Spain −3.32*** - −5.68* −2.42 −1.86 −5.04** 
   (09/2007)   (06/2008) 

France −2.42 −4.49* −4.95** −2.89 −2.25 −5.32* 
   (12/2010)   (03/2008) 

Italy −2.91 −4.42* −5.65* −2.77 −3.62** −6.32* 
   (03/2012)   (09/2008) 

United Kingdom −4.68* −4.56* −6.50* −0.65 −0.93 −7.99* 
   (6/2008)   (3/2008) 

Note: *, ** and *** denotes rejection of the unit root null hypothesis for 1%, 5% and 10% levels. The dates (month/year) 

below the PV statistics are break dates selected by minimizing the Dickey-Fuller t-statistic. 

 

 

4. Results 
 

For the sake of simplicity and space, instead of presenting the RE test results for ܪሺ௥↛௦ሻ,଴ and ܪሺ௦↛௥ሻ,଴ separately, Figure 1 displays the time intervals with their corresponding 

tax-spend hypotheses determined by combining the conclusions of each null hypothesis, shown 

as texturized areas (the non-texturized area refers to the institutional separation hypothesis). 

For instance, the full grey areas in panel E (Spain) show the time intervals in which both ܪሺ௥↛௦ሻ,଴ and ܪሺ௦↛௥ሻ,଴ were rejected, supporting the fiscal synchronization hypothesis. In 

another example, the non-texturized area in panel D (Italy) indicates that the institutional 

separation hypothesis is supported for the period before the 2008 crisis (ܪሺ௥↛௦ሻ,଴ and ܪሺ௦↛௥ሻ,଴ 

are not rejected), and the dotted area indicates that the tax-and-spend hypothesis is supported 

in the remainder of the sample (ܪሺ௥↛௦ሻ,଴ is rejected, and ܪሺ௦↛௥ሻ,଴ is not rejected).  

The graphs also show the evolution of the debt-to-GDP ratios, collected from the 

Eurostat online database, to confront the results with the fiscal condition in each country or at 

least one aspect of it. Note that the debts of France, Spain, Italy and the UK show similar 

evolution patterns. There is a slowdown in the pace of increase in the debt-to-GDP ratios 

probably due to the 2014 Fiscal Compact, which introduced a permanent numeric budget rule 



 

into government budget national laws. The main difference in Germany (panel A) is the 

pronounced reversal of its debt-to-GDP ratio trend already apparent by 2011.  

 

Figure 1. Recursive evolving causality test results and debt-to-GDP ratio evolution 

  
A. Germany       B. United Kingdom 

  
C. France       D. Italy 

 
D. Spain 

 

Notes: The graphs show the results for the period starting at ఒܶ0, where the calculation of RE test statistics begins.To simplify 

the exposition of the results even further, we “clear out” the graphs from isolated very short periods (one/two quarters) in 
which ܪሺݏ↛ݎሻ,଴ or ܪሺݎ↛ݏሻ,଴ were rejected. These occurrences were very rare in the graphs. The vertical stripes indicate the 

intervals in which only ܪሺݎ↛ݏሻ,଴ is rejected, indicating that only expenditures Granger cause revenues (the Spend-and-Tax 

hypothesis), the dotted bars indicate the intervals in which only ܪሺݏ↛ݎሻ,଴ is rejected, indicating that only revenues Granger 

cause expenditures (the Tax-and-Spend hypothesis), and the grey bars indicate the intervals in which ܪሺݏ↛ݎሻ଴ and ܪሺݎ↛ݏሻ,଴ 

are rejected, supporting the fiscal synchronization hypothesis. The periods without texturizes bars support the institutional 

separation hypothesis. The numbers in vertical axes are percentages. 

 

For most of the countries, there were several periods in which government revenues 

and expenditures have no Granger-causal relation, mostly in the years before 2009. In this case, 

it seems that the institutional separation hypothesis probably dominated the budgetary 

processes in these countries as they were (loosely?) trying to adjust their fiscal policy to meet 

the restriction conditions established by the SGP in 1997. Perhaps, led by the good growth 

prospects between 1997 and 2007, the executive efforts in search of fiscal consolidation (to 

ensure proper functioning of the European Union) were to some extent moderated, while the 
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increasing demand for public expenditures dominated the actions taken by politicians and 

legislative bodies. Some rules in the SGP were even softened in 2003, with greater discretion, 

leniency and political control written into the agreement (Shucknecht et al. 2011). The 

government institutions or entities affected the budgetary process more independently, as 

Wildavsky (1988) and Cameron (1978) have argued. After the 2008 crises, when governments 

needed greater fiscal coordination and control over the budgetary process, causality links in the 

relation between government revenues and expenditures emerged for all countries and stayed 

active henceforth. 

In Germany (panel A), the direction of causality shifted from the spend-and-tax 

hypothesis to the tax-and-spend hypothesis after a brief period of institutional separation 

around 2008/2009. During the recent tax-and-spend regime, the German government adopted 

a fiscal course of great commitment to budget discipline. The “debt brake” policy in 2009, 
which limited the deficit-to-GDP ratio to 0.35%, was reinforced with several administrative 

reforms and Parliamentary engagement to ensure government spending remained under tight 

control while avoiding tax increases. This, in fact, is the course of action recommended by 

Friedman (1978) when revenues temporally precede expenditures. It may be a coincidence, but 

German austerity measures in the tax-and-spend regime greatly reduced its debt-to-GDP ratio 

after 2009. 

Recent data for the UK (Panel B) and Italy (Panel D) also support the tax-and-spend 

hypothesis after the 2008 crisis. Whereas in Italy this change occurred after an institutional 

separation period before the crisis, in the UK, the new tax-and-spend regime started after 

another period of spend-and-tax emphasis, approximately from 2008 to 2012. Both countries 

also committed to fiscal austerity, but with more moderate measures than were employed in 

Germany. The UK, with the new conservative-led government in 2010, implemented a deficit-

reduction program that cut spending in several areas but preserved the National Health Service 

and the education system, responsible for a large part of their expenditures.  

Despite having one of the highest debt-to-GDP ratios in Europe, Italy also initially 

opted for a slower fiscal adjustment process. Ratifying the Fiscal Compact, the Italian 

Parliament approved a new set of budget rules with constitutional status in April 2012 (which 

came into force in January 2014). It stipulates not only a deficit and debt rule but also an 

expenditure rule, whereby the annual growth rate of general government expenditures must not 

exceed the limit laid down by EU regulations. While the focus of their policies was on spending 

cuts, as Friedman (1978) proposed, it seems that the austerity measures in the UK and Italy 

were only enough to control their increasing deficits, as their debt-to-GDP ratios remained 

relatively high. 

Panel C shows that, in France, three short periods support the tax-and-spend 

hypothesis, approximately around 1999-2000, 2003–2004 and 2010-2011, and a post-2012 

period supports the spend-and-tax hypothesis, a picture quite the opposite of what was found 

for the UK. The spend-and-tax dynamic seems to have started with the new fiscal framework 

implemented by the former Hollande government in 2012–2017, which intended to manage 

the budget deficits through higher taxes while attending the current demand for government 

spending. This revenue adjustment in response to changes in spending is compatible with the 

tax smoothing hypothesis of Barro (1979). However, in the context of the spend-and-tax 

hypothesis, according to Peacock and Wiseman (1979) and Barro (1979), the government 

should implement policies focusing on spending cuts. In fact, after missing deficit targets, the 

French government revaluated its fiscal policy and start working more on spending cuts, but 

this seemed to be insufficient to revert the positive trend in the public debt-to-GDP ratio. It is 

worth pointing out that France implemented the Fiscal Compact by adopting an organic law in 

late 2012, which imposed low barriers to alter or override the law. In addition, the reform did 



 

not codify a clear rule to prevent government deficit or to impose a yearly balanced budget 

(Fabbrini, 2013). 

In Spain (panel E), there were a few brief occurrences of Granger causality between 

revenues and expenditures before the 2008 crisis. Although the Spanish economy grew 

consistently at that time, it is still interesting to find that in this period when the institutional 

separation hypothesis dominated, the Spanish government managed to control its deficit and 

significantly reduce its debt-to-GDP ratio. For almost the entire period after 2008, Spanish data 

support the fiscal synchronization hypothesis (Musgrave 1966 Meltzer and Richard 1981). This 

is in line with fiscal policies implemented during the early premiership of Mariano Rajoy, 

which initiated an austerity program consisting of tax increases, as well as cuts in wages and 

benefits, combined with decreases in the public budget and the execution of several legal 

reforms to reduce public spending, such as reforms in the pension system and labor market. In 

addition, the Spanish Parliament enshrined budgetary discipline in a constitutional reform 

(January 2012) which imposed limits on general government debt and structural deficits. Such 

coordination between expenditure-reducing and revenue-raising policies was only able to 

slightly decrease the debt-to-GDP ratio past 2013. 

Finally, to examine the sensitivity of the RE test results to a larger minimum window 

size parameter, we performed further analysis considering values of ߣ଴ that correspond to 28 

quarters of data. Shi et al. (2018) found that increasing ߣ଴ may result in fewer detected causality 

episodes, but it may also lead to lower bootstrap critical values, decreasing the problem of “non 
rejection of the false null.” The results are presented in Figure 3 (Appendix). We verify that 
the additional tests using larger minimum window sizes are rather consistent with the initial 

test. 

 

 

5. Conclusion 
 

Using the recursive evolving supremum Wald test (RE) test of Shi et al. (2018), we 

found several changes in the direction of causality between government revenues and 

expenditures for Germany, the UK, France, Italy and Spain. Before the 2008 financial crisis, 

the institutional separation hypothesis seems to have dominated the fiscal framework in all 

countries analyzed. Nevertheless, after 2008, as the countries were restructuring their public 

finances based on fiscal policies implemented to mitigate the negative effects of the crisis, 

lasting causality links developed for all countries. The recent data support the tax-and-spend 

hypothesis for Germany, the UK and Italy; the spend-and-tax hypothesis for France; and the 

fiscal synchronization hypothesis for Italy.  
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