INTERNATIONAL MONETARY FUND

The Effects of Fiscal
Consolidations on the
Debt Distribution

Francesco Frangiamore, Davide Furceri, Domenico Giannone,
Faizaan Kisat, and Pietro Pizzuto

WP/25/201

IMF Working Papers describe research in
progress by the author(s) and are published to
elicit comments and to encourage debate.

The views expressed in IMF Working Papers are
those of the author(s) and do not necessarily
represent the views of the IMF, its Executive Board,
or IMF management.

=
O
X0
A
Z
G)
-
>
5"
m
X0

2025
OCT




© 2025 International Monetary Fund WP/25/201

IMF Working Paper
Fiscal Affairs Department

The Effects of Fiscal Consolidations on the Debt Distribution
Prepared by Francesco Frangiamore, Davide Furceri, Domenico Giannone, Faizaan Kisat, and Pietro
Pizzuto*

Authorized for distribution by Vitor Gaspar
October 2025

IMF Working Papers describe research in progress by the author(s) and are published to elicit
comments and to encourage debate. The views expressed in IMF Working Papers are those of the
author(s) and do not necessarily represent the views of the IMF, its Executive Board, or IMF management.

ABSTRACT: This paper estimates the effects of fiscal expenditure consolidations on the entire distribution of
public debt-to-GDP for an unbalanced sample of 192 countries over the period 1991-2021. Employing panel
location-scale models, we show that government expenditure cuts significantly lower the location (average) of
the future debt-to-GDP distribution and its scale (variance), thus also implying a reduction in the uncertainty
surrounding public debt. Consequently, we uncover a downward sloping trend in the effects of government
expenditure consolidations across the quantiles of the debt-to-GDP distribution. These effects persist up to a 4-
year forecast horizon, with the highest reduction occurring on the right tail of the debt-to-GDP distribution,
defined as debt-at-risk. We also show that fiscal expenditure consolidations are more effective in reducing
debt-to-GDP when the debt levels are higher and when countries adopt a fiscal rule.

RECOMMENDED CITATION: Frangiamore, Francesco, Davide Furceri, Domenico Giannone, Faizaan Kisat,
and Pietro Pizzuto. 2025. “The effects of fiscal consolidations on the debt distribution.” IMF Working Paper No.
2025/201, Washington DC.

JEL Classification Numbers: C23; E62; H50; H63
Keywords: Public debt; Debt-at-risk; Fiscal policy; Expenditure consolidations.

francesco.frangiamore@unipa.it, dfurceri@imf.org, dgiann3@jh.edu,

Author’s E-Mail Add :
uinors al ress fkisat@imf.org, pietro.pizzuto02@unipa.it

* The authors wish to thank Ali Abbas, Jean-Marc Atsebi, Alexandre Balduino Sollaci, Krzysztof Bankowski, Yongquan Cao, Vitor
Gaspar, Klodiana Istrefi, Raphael Lam, Matteo Luciani, Anh Nguyen, Katerina Petrova, participants in the workshop
“Macroeconomic policies and risks after the Great Crises”, held at the University of Palermo, in May 26-27, 2025, and in the IMF
Fiscal Affairs Department seminar for helpful comments and suggestions. The views expressed in this paper are those of the
authors and should not be attributed to the views of the IMF, its Executive Board, or IMF management. Any remaining errors are
the authors’ sole responsibility.



IMF WORKING PAPERS The effects of fiscal consolidations on the debt distribution

The effects of fiscal consolidations
on the debt distribution

Prepared by Francesco Frangiamore, Davide Furceri, Domenico Giannone,
Faizaan Kisat, and Pietro Pizzuto

INTERNATIONAL MONETARY FUND



IMF WORKING PAPERS The effects of fiscal consolidations on the debt distribution

Contents
I. Introduction 5
II. Data and methodology 8
I11. Baseline results 13
IV. Mechanisms 16
V. Heterogeneous effects of fiscal expenditure consolidations on public debt ratios and
debt-at-risk 18
VI. Conclusions 22
References 24
FIGURES
1. Global public debt-to-GDP and projected debt-at-risk 27
2. Illustrative example on how the location and scale coefficients affect the debt-to-GDP _ 27
3. Location and scale effects of fiscal expenditure consolidations on debt-to-GDP 28
4. Quantile effects of fiscal expenditure consolidation on debt-to-GDP 29
5. Location and scale effects of fiscal expenditure consolidations on selected government
budgetary variables 30
6. Location and scale effects of fiscal expenditure consolidations on selected
macroeconomic variables 31

7. Effects of fiscal expenditure consolidations on debt-to-GDP and debt-at-risk in countries32
8. Effects of fiscal expenditure consolidations on debt-to-GDP and debt-at-risk conditional 33

TABLES

1. p-values for the test of significance of the difference between the effects of fiscal
expenditure 34

2. p-values for the test of significance of the difference between the effects of fiscal
expenditure 34

ANNEXES

A. Robustness checks 35

B. Additional results 47

C. Descriptive statistics 56

INTERNATIONAL MONETARY FUND 4



IMF WORKING PAPERS The effects of fiscal consolidations on the debt distribution

Public debt levels are significantly elevated worldwide and are projected to increase further and approach
100 percent of GDP by the end of the decade (IMF 2025) (Figure 1, panel a). Furthermore, the risks
associated with these projections are skewed to the upside. Based on the debt-at-risk framework
developed by Furceri et al. (2025), it is estimated that in a severe adverse scenario, global public debt
could surge to approximately 117 percent of GDP by 2027. This level of debt has not been witnessed
since World War II and would be about 20 percentage points higher than current projections (Figure 1,

panel b).

High levels of debt and debt-at-risk are concerning as they reduce fiscal space and tend to
foreshadow sovereign stress (Furceri et al 2025). To mitigate these risks, several countries would need
to adopt fiscal consolidation measures to bring down debt levels and accommodate the increasing
spending pressures associated with climate change, defense, and development objectives. The magnitude
of the fiscal consolidation depends crucially on its effect on debt over time. However, while several
studies in the empirical literature have examined the effect of fiscal consolidations on economic activity
(see, for example, Guajarado, Leigh and Pescatori 2014; Alesina, Favero and Giavazzi 2015; Alesina et
al. 2016; Carriere-Swallow, David, and Leigh 2021), the relationship between fiscal consolidation and

debt (and moreover, on debt risks) remains less well explored.

We shed light on this issue by examining how fiscal consolidations affect the entire future debt
distribution. In particular, we extend the location-scale model (Machado and Santos Silva, 2019) into a
local projection framework (Jorda, 2005) to estimate impulse response functions across various quantiles
of the debt distribution for an unbalanced annual panel of 192 countries from 1991-2021. To identify
fiscal shocks, we adopt a methodology similar to that of Auerbach and Gorodnichenko (2013) and
Colombo et al. (2024), which relies on forecast errors of government spending.® This approach is more
suitable than other methods employed in the literature for identifying unanticipated exogenous fiscal

shocks across a large set of countries on an annual basis (see discussion in the next section).

¢ We focus on government expenditure shocks as their identification for the large set of countries in our sample is more
feasible, and, unlike revenues, they are not driven by cyclical forces. Moreover, the literature on fiscal consolidations shows
that expenditure-based consolidations are more effective than tax-based consolidations in reducing debt ratios (see Alesina,
Favero and Giavazzi, 2019).
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Our findings indicate that government expenditure consolidations reduce both the future level of
debt-to-GDP and its associated uncertainty. Specifically, both the location and scale parameters related
to the expenditure consolidation variable are negative and statistically significant across all forecast
horizons. This suggests that the effects of consolidation intensify in magnitude across the quantiles of
the debt-to-GDP distribution, with a more pronounced and persistent negative impact observed in the
right tail. In terms of magnitude, a one percent of GDP reduction in government expenditure is found to
reduce the 95" quantile of the debt-to GDP distribution (debt-at-risk) by 1 percentage point in the short
term and by 1.5 percentage point in the medium term. In contrast, the effects on the left tail of the debt
distribution (the 5™ quantile) are lower in magnitude and less precisely estimated. These results are robust

across several specifications and sensitivity tests.

As the future debt distribution is a function of key fiscal and macroeconomic variables, we study
the mechanisms through which expenditure consolidations affect debt risks by analyzing the location and
scale effects of such consolidations on various debt drivers—government revenues and government
expenditure, real GDP, inflation, and real long-term interest rates. The effects on GDP are estimated in
terms of government expenditure multipliers, using the approach proposed by Ramey and Zubairy
(2018). The results indicate that spending-based consolidations lead to reductions in revenue levels (due
to lower output), price levels, GDP, and interest rates. Notably, and as a novel contribution, fiscal
consolidation also negatively affects the scale of many of these variables, thereby reducing both fiscal

and macroeconomic uncertainty.

Finally, we extend the analysis to explore potential non-linearity and state-dependency in the
effects of fiscal consolidation on the future debt distribution. Among the several structural and cyclical
factors we have examined, two stand out: the introduction of fiscal rules and the initial level of public
debt. Fiscal rules amplify the impact of fiscal consolidation on both the level of debt and its associated
uncertainty. The result implies that fiscal rules further enhance the effects of fiscal consolidation on debt-
at-risk: fiscal consolidations reduce the debt-to-GDP ratio by more than 1.2 percentage points in the
medium term when a fiscal rule is in place, whereas they result in a medium-term decline of less than
0.5 percentage points when the fiscal rule is absent. This result is consistent with much of the theoretical
and empirical literature suggesting that fiscal rules bolster the credibility of fiscal actions. In addition,
we find that fiscal consolidations significantly reduce debt-at-risk when debt levels are elevated. This is
attributed to the fact that the reduction in both the location and scale of the debt-to-GDP distribution is

considerably greater at higher debt levels compared to lower ones.
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Our paper engages with two primary streams of literature. The first pertains to the relationship
between fiscal actions and debt (see, for example, Reinhart, Reinhart and Rogoff 2015; Kose et al. 2022;
Ando et al. 2025). Reinhart, Reinhart and Rogoff (2015) discuss a wide range of options available to
countries to reduce public debt. Kose et al. (2022) present alternative policies aimed at lowering public
debt ratios, with a focus on developing economies. Ando et al. (2025) empirically examine the effects of
fiscal consolidations on public debt in 21 advanced economies and 37 emerging markets. Using a
Structural Vector Autoregression approach with (zero and sign) restrictions—assuming that shocks to the
primary balance are positively correlated with the primary balance-to-GDP ratio and negatively
correlated with GDP, while being orthogonal to general demand and supply shocks—they find mixed
evidence that improvements in the primary balance shock reduce public debt ratios. Additionally, they
differentiate between successful and unsuccessful shocks by imposing the restriction that a successful
primary balance shock lowers public debt ratios, while an unsuccessful one increases them. We contribute
to this literature along two key dimensions. First, we analyze the effects of fiscal consolidations across a
significantly larger set of countries, including advanced economies, emerging markets, and developing
nations. Second, we employ a strategy to identify fiscal shocks, which, as we demonstrate in the next
section, allows us to isolate shocks that are unpredictable and exogenous to current and lagged

macroeconomic conditions (Ramey, 2016).

We also contribute to a growing body of the literature examining the impact of policy shocks on
growth and debt risks. Forni et al. (2024) have examined the impact of monetary policy shocks on the
distribution of output. Frangiamore et al. (2025) have extended the analysis to a sample of 20 advanced
and 13 emerging market economies. Loria, Matthes and Zhang (2015) have examined whether the
asymmetry and tail risks in GDP and industrial production growth observed in the US have been driven
by specific structural shocks, such as monetary policy shocks, financial shocks, uncertainty shocks and
oil price shocks. Our contribution to these studies lies in our focus on fiscal policy shocks while
considering a very large and diverse set of countries. We are closely linked to Frangiamore, Furceri and
Giannone (2025), who examine the impact of fiscal spending news shocks on output for the US economy.
They find that higher government expenditure not only stimulates growth on average, but also reduces
macroeconomic uncertainty, generating a stronger combined effect on growth-at-risk, which translates
into higher public spending multipliers at the left tail of output. We extend this work by focusing on
public debt and examining both advanced and developing economies as well as potential non-linearities.

Lastly, our paper builds on the findings of Furceri et al. (2025), which consider several drivers of debt-
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at-risk, including budget deficits. In contrast to this paper, we aim to identify causal effects by focusing

on plausibly exogenous fiscal policy actions.

The rest of the paper is organized as follows. Section II describes the data and the empirical
methodology. Section III presents the baseline results and robustness checks. Section IV discusses the
results on the location-scale effects of government expenditure consolidations on key fiscal and

macroeconomic variables. Section V explores potential non-linearity. Section VI concludes.

11.1 Data

We construct an unbalanced panel dataset covering 192 countries during the period 1991-2021. The data
is at an annual frequency and is sourced from the October releases of the IMF World Economic Outlook
(WEO) database.” We collect data on debt and other fiscal variables—such as total government
expenditure, overall balance and government revenues—as percent of GDP, along with key
macroeconomic variables affecting debt dynamics, including long-term real interest rates, inflation and
GDP. Moreover, we retrieve the October forecast for the same year of government expenditure, GDP and
inflation to identify fiscal shocks following the approach of Colombo et al. (2024) (see section I1.3). The
list of countries included in the sample and descriptive statistics of the variables used are provided in

Table C.1 and C.2 of Annex C.
11.2 Empirical methodology

We employ the location-scale model (Machado and Santos Silva 2019) to examine the effects of fiscal
expenditure consolidations on the entire distribution of public debt to GDP. The model enables us to
estimate the effects of expenditure consolidations on the location (mean) but also on the scale (variance)
of the distribution of debt-to-GDP, allowing us to recover these effects across the entire distribution
through the estimation of conditional quantile coefficients.® Employing standard quantile regressions in
our context is not appropriate due to the panel structure of our dataset, as we cannot incorporate country

dummies to control for country fixed effects without introducing an incidental parameters problem. In

" The countries included in the sample and the period covered in the analysis are constrained by the availability of data on
government expenditure forecasts.

8 The application of the quantile regression framework in empirical macroeconomic research, along with the growing interest
in analyzing the tails of macroeconomic outcomes, has been popularized by Adrian, Boyarchenko, and Giannone (2019) and
has seen substantial growth in recent years.
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contrast, the location-scale model developed by Machado and Santos Silva (2019) permits countries’
characteristics to influence the entire debt-to-GDP distribution rather than merely shifting its position, as
is the case with other quantile regression estimators for longitudinal data with fixed effects (see, for

example, Koenker 2004 and Canay 2011).

Our baseline specification is an extension of the local projections approach (Jorda, 2005) applied

to the location-scale model:

dicsn = Aip + BinGic + XitBon + (Bin + Vingie + X Vo )eiren (1)

where d; .y is the debt-to-GDP ratio (percent) observed h years ahead of the fiscal expenditure
consolidation, with h = 0,1,---,4; g;, is government expenditure as percent of GDP; X;, is a large
vector of control variables included for identification purposes (see details in section I1.3); «; ,, and 6; ,
are country fixed effects which capture non-time-varying country-specific factors affecting both the level

as well as the dispersion of the debt-to-GDP ratio distribution; €; ;. 1s the error term.

Equation (1) implies that the 7-th conditional quantile of debt-to-GDP is given by:

Qdi_t+h(T|9i,t» Xit) = (ain + 6:4q(0) + BunGir + XitPon + VinGie + XieV2p)q(0) (1)

where q(7) is the inverse of the cumulative density function of the error term evaluated at the t-th
quantile, namely q(t) = F,1(t). The quantile regression coefficient capturing the effect of an

expenditure shock on a particular quantile of the debt-to-GDP ratio (all else equal) is given by f; , +

Y1,nq (7).

The key parameters linking expenditure consolidations to the predicted debt distribution are
therefore the location and scale parameters. The location parameter 5, , measures the “average” effects
of government expenditure on the debt-to-GDP ratio. In contrast, the scale parameter y, ;, determines
whether this average effect differs across quantiles. The case of y; , = 0 corresponds to the standard
linear local projections, and it implies that government expenditure only shifts the debt-to-GDP
distribution, affecting the quantiles uniformly (Panel A in Figure 2). When y;, # 0, government
expenditure has asymmetric effects on the debt-to-GDP distribution. In particular, if § and y have the
same sign (Panel B Figure 2), the mean and the variance of the predictive distribution are positively
correlated. In this scenario, an increase in government expenditure not only shifts the distribution to the

right but also increases the right tail more than the left, resulting in a more right-skewed distribution. On
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the other hand, if § and y have the opposite sign, the mean and the variance of the conditional distribution
are negatively correlated. In this case, an increase in government expenditure shifts the distribution to
the right, but the effects are more pronounced on the left tail, thereby increasing downside risk (see Panel
C of Figure 2). To illustrate the effects of a reduction in government expenditure, we multiply both

coefficients by -1.

In our empirical application, we estimate the quantile coefficients for the grid of quantiles 7 =
0.05,0.10,0.15,---,0.95. This approach allows us to assess the heterogeneous effects of fiscal
expenditure consolidations across different quantiles of debt-to-GDP distribution. We specifically focus
on the regression coefficients for the 95-th quantile, defined as debt-at-risk (Furceri et al., 2025). The

estimation of the location-scale model involves the following five steps:

1. Regress (di,Hh -2t di_t+h/T) on (gl-,t — D gi’t/T) and (Xl-’t — Xt Xi_t/T) to obtain an
estimate of the location parameters, f; and f,;

2. Estimate the country fixed effects of the location model @; = %Zt(di,t+ n— P Gir — Xi¢ 32) and
compute the residuals 7; ;1 = d;pon — @; — Blgl-,t — X{,tﬁz;

fi,t+h|/T) on (gl-’t — Xt gi,t/T) and (Xl-,t — D Xi,t/T) to estimate the

scale parameters, 7; and ¥;

3. Regress (|#r4n| — 2¢

4. Estimate the country fixed effects of the scale model §; = %Zt(|ﬁ,t+h| —V19it — Xi'_t?Z);

5. Compute the standardized residuals & ;ip = Tit4n/ (Si + V19 + X{,t?Z) and obtain the
desired quantile of the distribution of ; ;,, which we indicate as §(7).°
We estimate these steps using a one-step GMM estimation procedure (specifically the Stata MM-QR

algorithm) and we account for time within-country correlation by computing clustered standard errors at

the country level (Rios-Avila 2022).

° For the sake of simplicity, we omitted the subscript for the horizon h after the fiscal consolidation, but of course it is
considered in the estimation when we move forward, after estimating the contemporaneous effects.
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Finally, we also consider the mechanisms through which expenditure consolidations affect the
distribution of the future debt-to-GDP ratio, by estimating the dynamic response of the primary balance,

inflation, long-term government bond yields, and GDP. '
11.3 Identification of the fiscal shocks

To identify public expenditure shocks, we adopt a methodology akin to that of Auerbach and
Gorodnichenko (2013) and Colombo et al. (2024), which relies on forecast errors of government
spending. This approach is more suitable than other methods employed in the literature for identifying
exogenous fiscal shocks across a large set of countries on an annual basis. The reasons are threefold.
First, the availability of data at an annual frequency precludes the use of the Structural Vector
Autoregression (SVAR) approach proposed by Blanchard and Perotti (2002), which relies on quarterly
data and assumes that, due to implementation lags, government spending does not respond to the state of
the economy within a quarter. However, in line with the methodology suggested by Blanchard and Perotti
(2002), we use the IMF forecasts of government expenditures made in October of the same year to reduce
the likelihood that unanticipated changes in government spending are influenced by the potentially
endogenous response of fiscal policy to the economic conditions.!! Second, the lack of publicly available
official documentation for many emerging markets and developing economies prevents the use of the
narrative approach across a large sample (Romer and Romer 2010; Guajardo, Leigh and Pescatori 2014;
Carriere-Swallow, David, and Leigh 2021; Adler et al. 2024). Third, in comparison to other approaches,
such as using annual changes in military spending (Miyamoto, Nguyen and Sheremirov 2019), this
method inherently addresses the issue of “fiscal foresight,” which occurs when agents respond to

anticipated rather than realized shocks.'?

1
[(1+y h)(l"’n h)]h [dt(l + Z;l:l ri,t+j) - Z;’lzl pbi’t_'_]’], Whel‘e yt,h and
t, t,

., represent the real GDP growth rate and the inflation rate (geometric averages) between t and ¢ + h, respectively;
Z;-‘zl T ¢+n and Zj?:l pb; ++n, denote the cumulative ratio between interest payments and debt levels and the cumulative ratio
between primary balance and GDP, respectively.

' The evolution of debt can be expressed as: d; ¢, =

" As demonstrated by An et al. (2018), IMF forecasts of fiscal variables are usually very accurate, especially when
compared to those of the private sector.

12 See, for example, Forni and Gambetti (2010), Leeper, Richter and Walker (2012), Leeper, Walker and Yang (2013), and Ben
Zeev and Pappa (2017). Agents who receive information regarding future changes in government spending may adjust their
consumption and investment decisions well in advance of the actual changes. An econometrician relying on the information
contained in the changes in actual spending would use a different information set than that available to economic agents,
potentially resulting in biased estimates. By utilizing forecast errors, the econometrician's information becomes aligned with
that of economic agents.
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Specifically, we identify fiscal shocks by controlling in equation (1) for a large set of variables
X; ¢ to eliminate predictable and endogenous components from government spending.'® As discussed in
Montiel-Olea et al. (2025), the Frisch-Waugh-Lovell theorem indicates that the identified shock in
equation (1) represents the residual of the projection of the “impulse variable” g; , on the set of control

variables X; ;:

Git = it — E(gi,tlxi,t) 3)
The set of control variables X; , includes:

o The forecast of government expenditure as a percentage of GDP. This implies that our shock captures
the part of government expenditure that is not anticipated. As discussed above, we use the forecasts
published in October of the same year to mitigate the risk that unexpected changes in government
spending are influenced by the potentially endogenous reaction of fiscal policy to economic
conditions. Indeed, even unanticipated changes may be triggered by the business cycle; for instance,
if economic growth unexpectedly weakens, the government might be compelled to reduce spending.
However, for such responses to affect our estimates, they would need to occur within the same quarter
that new economic information becomes available (i.e., between October and December). Given the
delays inherent in the legislative process, such rapid adjustments are highly improbable (see also
Blanchard and Perotti, 2002).

o Contemporaneous and lagged endogenous variables. Following Colombo et al. (2024), we include
the October forecasts for the same year of GDP growth and inflation as well as lags of debt-to-GDP
ratios, government expenditure (as share of GDP), GDP growth, and inflation. This approach helps
ensure that the identified shocks are orthogonal to both current and lagged endogenous

macroeconomic variables.

The fiscal shocks identified satisfy the three key characteristics of exogeneity as delineated by Ramey

(2016). First, and as previously mentioned, they are uncorrelated with current and lagged endogenous

'3 An alternative approach would be to consider the shocks as instruments for government spending. This approach, however,
is problematic in the context of quantile regressions. Although Instrumental Variables (IV) quantile regressions have primarily
been utilized in cross-sectional studies (see Chernozhukov and Hansen 2006; Kaplan and Sun 2017), applying these estimators
to panel data necessitates the assumption of homogeneous country fixed effects across quantiles. This can be achieved by
removing fixed effects in the first stage, as suggested by Canay (2011). Additionally, the inference provided by these
estimators accounts solely for heteroskedasticity, which limits their applicability to our dataset due to the presence of serial
correlation (within-country) that is mechanically introduced by the local projection method (see Jorda 2005).
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variables. We demonstrate this by regressing the fiscal shocks against the first principal component of a
set of endogenous macroeconomic variables—such as output, government spending, real exchange rate,
and inflation—along with the first principal component of a set of macroeconomic variable forecast
errors, such as those related to output, private consumption, and investment. ! The results (see Table C.3
in Annex C) indicate that none of these variables is significantly correlated with our fiscal shocks.
Second, they are unanticipated as they are constructed as unexpected changes in government spending.
Third, they are uncorrelated with other non-fiscal shocks—such as the World Uncertainty Index
constructed by Ahir, Bloom and Furceri (2022) (both the general index and the indices for the fiscal and
political categories), as well as the monetary policy shocks identified by Furceri, Loungani and

Zdzienicka (2018) (see Table C.3 in Annex C).

Table C.4 contains descriptive statistics of the government spending shocks, while Figure C.1 shows
their distribution for the entire sample and for the sub-samples of Advanced Economies and Emerging
Markets and Developing Economies. The average and median of the shock are both approximately zero,
indicating an unbiased forecast. The interquartile range (25% to 75™ percentile) lies between -1.4% and

1.1%.

111.1 Baseline results

Our main result is that fiscal expenditure consolidations are associated with lower future debt levels and
debt risks. Figure 3 reports the estimated location and scale parameters (f; p, and y; p,) for the impact of
government expenditure consolidations on the distribution of debt-to-GDP across various forecast
horizons. It shows that a one percent of GDP reduction in government expenditure statistically
significantly lowers the mean (location) of the debt-to-GDP ratio by about 0.7 percentage point on
impact, with a peak response of about 0.9 percentage point after two years. The effect diminishes in the
medium term, but it remains statistically significant (left panel). Importantly, and as the key contribution
of this paper, spending-based consolidations significantly reduce the scale of the debt-to-GDP
distribution in both the short and medium term (right panel). This implies that fiscal consolidation

decreases the uncertainty surrounding public debt. In other words, fiscal expenditure consolidations not

14 We take the first principal component of the variables to capture the time evolution of an underlying factor that accounts
for the majority of the variation in these variables. This approach allows us to evaluate whether this factor is significantly
correlated with our identified government expenditure shock
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only shift the distribution of public debt-to-GDP to the left but also diminish its scale, thereby making
instances of very high public debt realizations less likely. The magnitude of these effects is substantial:
a one-standard deviation government expenditure consolidation shock is associated with a reduction in
the level of debt-to-GDP of about 17% of its standard deviation on impact, with the effect peaking at
23% after 2 years.

The magnitude and statistical significance of the scale parameter also imply that there are
asymmetric effects of fiscal expenditure consolidations on the distribution of debt-to-GDP. We show
these by plotting the quantile regression effects from the location-scale model (B, + v1,q(7)), as
depicted in Figure 4. Each panel of the figure illustrates the impact of government expenditure
consolidations on the distribution of debt-to-GDP, from the 5™ up to the 95" quantile (x-axis) at each
time (year) horizon after the shock. The results point to a significant downward trend in the response of
debt-to-GDP to a reduction in government expenditure across quantiles of the debt-to-GDP distribution,

a pattern that persists across all forecast horizons considered after the fiscal consolidation.

In particular, for the left tail of the predicted debt distribution (i.e., low debt outcomes), fiscal
consolidations affect public debt only in the short run and with small effects in magnitude, which
disappear two years after the fiscal consolidation. In contrast, the effects of fiscal consolidations on the
right tail of debt-to-GDP (i.e., high debt outcomes) are much stronger and persistent over time. Focusing
on the debt-at-risk (the 95" percentile), we find that a one percent of GDP spending cut results in a
reduction in debt-at-risk of about 1 percentage point of GDP in the short term and about 1.5 percentage
points after five years following the fiscal expenditure consolidation. The magnitude of this effect is
significant, as global debt levels at end-2024 were 93 percent of GDP and the global level of debt-at-risk
at a three-year forecast horizon is estimated at around 117 percent of GDP (Furceri et al. 2025). As a
benchmark, the 2024 IMF Fiscal Monitor recommends a cumulative fiscal adjustment of about 3-4.5
percent of GDP over the medium term, which, according to our calculation, would imply a reduction in

the debt-at-risk of approximately 4.5 to 7 percentage points after five years.

In summary, the results indicate that fiscal expenditure consolidations not only reduce future debt-
to-GDP ratios but also the uncertainty surrounding them, with stronger and more persistent effects on the

right tail of the debt-to-GDP distribution, thereby lowering upside risks to public debt.
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111.2 Robustness checks

We perform a series of robustness checks on the baseline results presented in Section III.1 and find that

our findings remain consistent across various alternative specifications and conditioning variables.

The baseline model incorporates two lags of debt-to-GDP, government expenditure-to-GDP, and
the other macroeconomic variables included in the set of controls. We test the robustness of the baseline
model by varying the number of lags to 1, 3 and 4. Figure A.1 in Annex A plots the location-scale (panel
(a)) and quantile regression coefficients (panel (b)) corresponding to these alternative lag specifications,
demonstrating that the results remain similar to our baseline specification. Next, we assess whether the
baseline results are sensitive to extreme values of the debt-to-GDP and government expenditure-to-GDP
through three exercises: (i) removing the observations with values of debt-to-GDP below the 1% and
above the 99" percentiles; (ii) removing the observations with values of government expenditure-to-GDP
below the 1% and above the 99™ percentiles; (iii) simultaneously removing the observations with values
of debt-to-GDP and government expenditure-to-GDP below their 1% percentile and above their 99
percentile. The results, plotted in Figure A.2 of Annex A, remain very similar to the baseline model. We
also use the government balance in place of government expenditure and estimate the effects of fiscal
consolidations in terms of an increase in the fiscal balance. The results show that the location effects are
very similar, but scale effects are somewhat weaker relative to the baseline model (Figure A.3 of Annex
A). Consequently, the effects across quantiles are less asymmetric, although there is still a degree of
asymmetry in the medium term, with more pronounced effects on the right tail three and four years

following the fiscal balance consolidation.

Our results are also robust to alternative empirical methodologies used to obtain an estimate of
the quantile effects of fiscal expenditure consolidations on debt-to-GDP. As discussed in section II, the
approach proposed by Machado and Santos Silva (2019) is very helpful to estimate quantile regressions
on panel data with fixed effects, and to obtain clustered standard errors. However, a more restrictive way
of controlling for fixed effects is to remove the country fixed effects in the first stage, as proposed by
Canay (2011), and then estimate quantile regressions in a second step with the fixed effects removed.
This approach, however, suffers from the restrictive assumptions that the fixed effects are independent
from the quantiles, a restriction which is relaxed in our approach. Nevertheless, we examine the
implications of applying this alternative strategy. We estimate quantile regressions as in Koenker and

Basset (1987), using the same variables included in the baseline model, with the Canay (2011) approach
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to control for country fixed effects. First, we regress the debt-to-GDP on country dummies. Then, we
take the residuals from this regression and use them as dependent variables in the quantile regressions.
The results, represented by the purple dashed lines in Figure A.4 of Annex A, reveal a lower degree of
asymmetry across quantiles, yet the downward-sloping trend is largely confirmed at various horizons

following the fiscal consolidation.

Finally, our results remain robust to alternative methods of addressing the endogeneity of the
government expenditure variable. Specifically, we compute the Inverse Quantile Regression (IQR)
estimator, proposed by Chernozukov and Hansen (2006), which treats the explanatory variable as
endogenous and uses an instrumental variable to identify the causal quantile effects. As this estimator is
developed in the cross-sectional data framework, we use the Canay (2011) approach to purge the country
fixed effects. Following Ramey and Zubairy (2018) and Colombo et al. (2024), we use these purged
forecast errors as instruments for government expenditure. In the first stage, we regress the forecast errors
of the real government expenditure growth rate—defined as the actual government spending growth rate
minus the October IMF forecast for the same year—on the same set of control variables used in the
baseline model (equation (1)). We then compute the residuals and use them as instruments for
government expenditure. The results, depicted by the blue dashed lines in Figure A.4 of Annex A, present
a qualitatively similar picture to the baseline model, confirming the prevalence of asymmetric effects of

fiscal expenditure consolidations on the quantiles of debt-to-GDP.

In this section, we explore the effects of fiscal consolidations on the drivers of debt. We first focus on the
future government balance as share of GDP and its components, namely government revenues and
government expenditure. We estimate equation (1) with these variables as dependent variables instead of
debt-to-GDP. The results suggest that expenditure consolidations increase the future fiscal balance and
reduce the uncertainty around it (Figure 5). In other words, contemporaneous fiscal consolidation

significantly reduces the risks of experiencing high deficits in the future.

These effects arise primarily from a reduction in fiscal expenditure, as expected, but they are also
influenced by a decrease in revenue. A potential explanation for the decline in revenue is the reduction
in both inflation and real GDP associated with the consolidation. Additionally, fiscal consolidations may
lower long-term interest rates by bolstering market confidence in the sustainability of public finances. To
explore these channels, we next examine the reaction of inflation, real GDP and long-term interest rates
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to consolidation.'® As illustrated in Figure 6, inflation declines modestly, with the peak decline observed
two years after the fiscal consolidation; however, there are no statistically significant effects on the scale
of the inflation distribution. In contrast, we find statistically significant negative fiscal multipliers, which
are lower than one, consistent with the estimates in the literature (see, e.g., Colombo et al., 2024 and
Ramey and Zubairy, 2018 among others). The estimated magnitude of the multipliers is also consistent
with the view that fiscal consolidations, on average, do not generate output losses of sufficient size to
render efforts to lower public debt ratios self-defeating. Additionally, and a novel contribution to the
literature on fiscal multipliers, we find that fiscal consolidation also reduces the scale of the future output
distribution. The result aligns with the reduction in the risk to the public debt outlook and to the credit

market, leading to lower macroeconomic uncertainty after the fiscal expenditure consolidation.

Finally, expenditure consolidations have statistically significant and negative effects on long-term
interest rates, especially after two years. This finding is consistent with standard neo-classical theory,
which emphasizes improvements in credit market conditions and crowding-in effects on private
economic activity, resulting from reductions in government expenditure. Interestingly, the result also
points to a reduction in the scale of the interest rate distribution, which goes down significantly up to
three years from the fiscal consolidation. This implies that fiscal expenditure consolidation could reduce
the risk and uncertainty in the credit market, potentially via a risk-premium channel that reduces the risk

of sovereign distress.

These empirical results suggest that an improving future fiscal balance is the primary driver
behind reductions in debt-to-GDP ratios. According to the standard debt dynamic equation,
improvements in the fiscal balance—holding all else constant—reduce the debt-to-GDP ratio on a one-
to-one basis. Applying this relationship to the estimated coefficients one year after consolidation
indicates that 0.55 percentage points (approximately 70%) of the 0.8 percentage point reduction in
average future debt-to-GDP can be attributed to the fiscal balance improvement. The remaining reduction
is explained by the effects of fiscal consolidation on other macroeconomic variables included in the debt

equation, such as GDP growth and interest rates.

15 For GDP, and to be consistent with the literature, we estimate the multipliers using the Ramey and Zubairy (2018) approach,
employing one-step estimation strategy. This closely follows Colombo et al. (2024), who estimate government spending
multipliers for a similar dataset as the one used in this study. We extend their approach to the location-scale framework.
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V.1 Does it matter whether the countries adopt a fiscal rule or not?

Fiscal rules play an important role in enhancing fiscal discipline and ensuring long-term sustainability of
government budgets amid rising public debt levels. The rules are long lasting numerical limits on
government budgetary aggregates, introduced with the aim of constraining fiscal policy (Davoodi et al.
2022). Given the observed increasing trend in public debt levels, an increasing number of countries have
introduced fiscal rules in order to ensure fiscal sustainability in the long run (Heinemann, Moessinger
and Yeter 2018). As argued by Alesina and Perotti (1996), the benefits of such numerical limits to induce
fiscal discipline are obvious, as they can reduce political distortions and opportunism to run large and
persistent fiscal deficits. Recent empirical evidence shows that fiscal rules can indeed increase fiscal
discipline (see, e.g., Heinemann, Moessinger and Yeter 2018; Acalin et al. 2025). Therefore, the presence
of fiscal rules could improve the credibility of fiscal expenditure consolidations and reduce the risk of

future fiscal slippages (IMF, 2024; Furceri et al. 2025).

Given this potential important role of fiscal rules, this section analyzes whether there are
heterogeneous effects of fiscal expenditure consolidations on debt-to-GDP and debt-at-risk depending
on the adoption of such fiscal targets. For this exercise, we use the fiscal rule dataset from Acalin et al.
(2025). The dataset covers 106 IMF members that have adopted fiscal rules (national and supranational)
at some point over the period 1985 to 2024.'° Our measure of a fiscal rule is a binary variable which
equals one if the country adopts a fiscal rule in a given year. In particular, we consider a general fiscal
rule, constructing a dummy which equals one if the country adopts any type of fiscal rules, and zero
otherwise. We additionally consider fiscal rules on public debt (Annex A contains results for the rules on

budget balance, government expenditure and revenues as well).

To estimate the effects of fiscal expenditure consolidations on debt-to-GDP conditional on the

adoption of fiscal rules, we extend the baseline model in equation (1) as follows:

16 This means that the remaining IMF members have never adopted a fiscal rule during the period considered and therefore
they are assigned a value of zero.
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digen = Qin + Rig X [Bunric + XitBonr] + (1 = Rir) X [BunnrGic + XiBonnr] + {8in + Rig X

[YinrGic + XieVanr] + (1 — Rie) X [Yonnedic + X Vonne]}eicen (4)

where the regressors are interacted with the fiscal rule dummy variable R;, and with its complement.
Therefore, f; , r measures the location effects of fiscal consolidations on debt-to-GDP if a fiscal rule is
in place, whereas f3; , yr 1s the corresponding estimate in the absence of a fiscal rule. Similarly, y; , r
measures the scale effects of fiscal consolidations on debt-to-GDP when there is a fiscal rule, whereas
Y1nnr Provides the scale effects when there is no fiscal rule. Quantile effects for the two cases follow
from the location-scale model in equation (4), and we focus on the 95" quantile of debt-to-GDP to
analyze the heterogeneous effects of government expenditure consolidations on the debt-at-risk

conditional on the adoption of a fiscal rule.

The results presented in Figure 7 indicate that fiscal expenditure consolidations tend to be more
effective in reducing debt risks when fiscal rules are adopted. Specifically, fiscal consolidations reduce
the debt-to-GDP ratio by more than 1.2 percentage points in the medium term when a fiscal rule is in
place. In contrast, when the fiscal rule is absent, the reductions are modest, resulting in a decline of less
than 0.5 percentage points in the medium term. This difference is statistically significant (see Table 1,
panel (a)). In addition, for most horizons following the consolidation, the scale effects are stronger and
more precisely estimated when a fiscal rule is in place, with the difference compared to no fiscal rule
case being statistically significant at the 5% on impact and at the 10% after four years (see Table 1 panel
(a)). As a result, government expenditure consolidations are more effective in reducing the debt-at-risk
when a fiscal rule is in place, with a reduction of about 2 percentage points after four years, compared to
0.5 percentage points (not statistically significant) in the absence of a fiscal rule (Figure 7, panel (a)).
The difference in effects at horizon 4 between countries that adopt a fiscal rule and those that do not, as
well as the difference observed at impact (horizon 0), are statistically significant at the 5% level (see

Table 1, panel (a)).

The results are consistent when examining countries that adopt a fiscal rule imposing targets on

public debt, as illustrated in Figure 7, panel (b), and Table 1, panel (b).!” These findings suggest that debt

17 Figure A.5 and Table A.1 in Annex A demonstrate that the results are robust when considering other types of fiscal rules,
including budget balance rules, expenditure rules, and revenue rules. However, the difference is less pronounced in the case
of revenue rules, as the impulse response functions (IRFs) exhibit wider confidence intervals for the group of countries
adopting revenue rules.

INTERNATIONAL MONETARY FUND 19



IMF WORKING PAPERS The effects of fiscal consolidations on the debt distribution

rules enhance fiscal discipline, making fiscal expenditure consolidations more effective in reducing not

only the level of future public debt ratios but also their uncertainty and upside risks.'®

Finally, we apply an alternative methodology, detailed in Annex A and similar to the one used in
Section V.2 (see equation (5)), which employs a recent index measuring the strength of the fiscal rule
(Acalin et al. 2025). Although this index is only available for a subset of countries in our sample, the
results in Figure A.6 and Table A.2 reveal a similar pattern to that obtained from the baseline analysis,
indicating that stronger fiscal rules correlate with greater effects of expenditure consolidations on public

debt ratios.
V.2 Is there a role for the initial debt levels?

The initial debt level is an important factor determining the exposure of a country to public debt risks.
Countries with already high debt face (in the absence of a consolidation effort) a higher future debt
burden and, therefore, may be considered as not being able to preserve debt sustainability. High debt
levels are also a leading indicator of fiscal and sovereign distress (Moreno Badia et al. 2022). Furceri et
al. (2025) demonstrate that economic and financial factors contribute more significantly to upside public
debt risks when initial debt levels are elevated. Therefore, in this section, we analyze whether the initial
debt levels of countries shape the effectiveness of government expenditure consolidations in reducing
upside debt risks. To do so, we extend the baseline model in equation (1) with a smooth transition function

as follows:

digen = Aip + F(2) X [Bunsie + XiBonr] + (1 — F(2)) X [Bunuir + X cBonn)
+ {80 + F(z) X [Vinoie + X eVanL)
+(1-F(z)) x [h,h,Hgi,t + Xi,,tyz,h,H]}gi,t+h

(5)

s
with F(z;) = ———and y > 019,

1+e7 V%

18 Furthermore, we investigate the mechanisms analyzed in Section III based on the adoption of a fiscal rule. Our findings
indicate that the larger effects of expenditure consolidations on public debt ratios and debt-at-risk, observed when a fiscal rule
is in place, are primarily explained by lower costs in terms of output losses (see Figures B.1, B.2 and Table B.1 for the general
fiscal rule and Figures B.3, B.4 and Table B.2 for the debt rule in Annex B).

19 Following Auerbach and Gorodnichenko (2013), Colombo et al. (2024) and Bettarelli et al. (2025), we calibrate the
parameter ¥ and we choose an intermediate value, as in Bettarelli et al. (2025), which is equal to 5. However, we check
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The variable z; is the debt-to-GDP of country i normalized to have mean zero and unitary variance. We
use a cross-country normalization to analyze whether the effects of fiscal expenditure consolidations on
debt-to-GDP are different in countries with average higher debt levels relative to countries with average
lower debt levels. Given z; = (d; — d)/sd(d;), F(z;) tends to zero as z; increases, namely when
countries have very high debt levels. Therefore, f; 5, ;, and y; , ;, provide, respectively, the location and
scale effects of fiscal expenditure consolidations on debt-to-GDP in countries with very low level of
public debt, whereas f; ,, y and y; 5 y measure the effects of fiscal expenditure consolidations on debt-

to-GDP when debt-levels are very high.

The results show that government expenditure consolidations lower the debt-at-risk more
substantially when debt levels are higher. As shown in Figure 8, the reduction in the location of the debt-
to-GDP distribution is much larger when debt levels are high versus when they are low. The difference
between the location effects for high and low debt countries is also statistically different from zero from
horizon 0 to horizon 3, as shown in Table 2. Moreover, expenditure consolidations also more strongly
decrease the uncertainty of debt-to-GDP in the medium term when debt levels are elevated.
Consequently, we observe greater effects of fiscal expenditure consolidations on debt-at-risk in countries
with high initial debt levels, with an effect size approximately four times larger than that observed in
countries with lower debt levels. This difference is statistically significant at the 5% level (at the 3-year

horizon), as indicated in Table 2.2%-2!

V.3 Other sources of heterogeneity

We have conducted a series of additional exercises, not included in this paper, that examine various
country characteristics and economic and financial conditions which have been found to shape the effect

of fiscal policy on economic activity. Among the factors considered, we find a significant role for the

whether alternative values of this parameter affect the results. Figure A.7 in the Annex shows that the results remain robust to
setting this parameter to a lower or higher value, e.g.,y = 2.5andy = 7.

20 'We also use an alternative methodology, following IMF (2024) and Furceri et al. (2025), where we construct four dummy
variables, each equal 1 if the lag of debt-to-GDP lies in one of the four quartiles of the debt-to-GDP distribution, and we add
interaction terms between these four dummy variables and the regressors in the baseline model and consider the first quartile
as “low initial debt level” and the fourth quartile as “high initial debt level”. The methodology is detailed in Annex A and the
results are represented in Figure A.8, which points at similar conclusions.

2l We also test the mechanisms studied in section III in the case of high and low debt levels and find that the channel
contributing the most to the higher effects of expenditure consolidations on debt ratios and debt risks is the stronger reduction
in output uncertainty following the consolidation (see Figures B.5 and B.6 and Table B.3 in Annex B).
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country’s income levels. In particular, the results suggest that expenditure consolidation reduces debt
risks more in Advanced Economies (AEs) than in Emerging Market and Developing Economies
(EMDEs), primarily due to stronger location effects. While the scale effects are stronger in AEs compared
to the EMDEs, their difference is only statistically significant on impact. Consequently, the effects on
debt-at-risk are much larger in AEs: a one percentage point reduction in the ratio of government
expenditure to GDP leads to a medium-term decline in the debt-at-risk of about 3 percentage points of
GDP in AEs, compared to less than 1 percentage point in EMDEs. These results align with the findings
from previous sections regarding fiscal rules and debt, as AEs are generally characterized by stronger
fiscal rules and higher debt levels. They are also consistent with evidence in Furceri et al. (2025), which

suggests that primary deficits are a more important driver of upside debt risks in AEs than in EMDE:s.

The empirical evidence also indicates that the effects of expenditure consolidations on debt ratios
and debt risks are marginally greater in countries with lower levels of informality and higher levels of
institutional quality. However, there are no significant differences based on trade openness and exchange
rate regimes, nor do these effects vary under different economic and financial conditions, such as the

business cycle, low interest rates during the Zero Lower Bound period, and financial stress.

This paper presents new empirical evidence on the effects of government expenditure consolidations on
the entire public debt-to-GDP distribution, emphasizing the role of expenditure cuts in mitigating upside
risks to debt ratios. It does so by extending the debt-at-risk framework recently introduced by the IMF
(2024) and Furceri et al. (2025).

We constructed an unbalanced panel dataset covering 192 countries from 1991 to 2021 and
applied panel quantile regressions. Our findings indicate that government expenditure consolidations
shift the debt-to-GDP distribution to the left and reduce its scale, with asymmetric effects across
quantiles. Specifically, while the effects on the left tail of public debt ratios are nearly negligible, those

on the right tail are highly statistically significant, economically substantial, and persistent.

These effects are influenced by two main factors. First, the impact of fiscal consolidation on
reducing debt and associated risks is greater when robust fiscal rules are in place. Second, the effects are
significantly larger for countries that begin consolidation with high public debt levels. These results have

important policy implications. First and foremost, countries with very high debt ratios should consider
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government expenditure consolidation measures to mitigate the upside risks to public debt: high public
debt ratios require stabilization and consolidation of public spending is even more effective in reducing
debt in this context. Second, implementing fiscal consolidations within credible medium-term
frameworks guided by fiscal rules would enhance the credibility of the fiscal measures and their

effectiveness in reducing debt risks.
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Figures
Figure 1: Global public debt-to-GDP and projected debt-at-risk.
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Note: Source IMF Fiscal Monitor (2024, 2025). Panel (a) shows the time evolution of public debt-to-GDP ratios. Panel (b)
shows the predicted probability density function of debt-to-GDP for 2027 conditional on various economic, financial and
political factors, based on information up to December 2024 (see IMF 2025 and Furceri et al. 2025).

Figure 2: Illustrative example on how the location and scale coefficients affect the debt-to-GDP
distribution.
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Median (10)

Median Median Median Median
(t0) (1) (t0) () Median (t1)
General government gross debt, percent of GDP General government gross debt, percent of GDP General government gross debt, percent of GDP

—— Density (t0) —— Density (t1) —— Density (t0) —— Density (t1) — Densily (10) —— Density (t1)

Note: The plot shows an illustrative example of how changes in a predictor affect the predicted conditional density of debt-
to-GDP through the location-scale effects. § indicates the location coefficient whereas y the scale coefficient. t0 is before the
change in the predictor while t1 indicates the period after the change in the predictor.
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Figure 3: Location and scale effects of fiscal expenditure consolidations on debt-to-GDP.
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Note: The graph shows the dynamic effects of fiscal expenditure consolidations on the location and scale of the debt-to-GDP
distribution. The black solid lines represent the point estimates while darker and lighter shaded areas are, respectively, 68%
and 90% confidence intervals based on standard errors clustered at the country level. The years after the shock are indicated
in the x-axis. Estimates are obtained using a sample of 192 countries over the period 1991-2021, using the location-scale
model d; eyp = @ip + PrnGir + XiPon + (5i_h +VinGie Xil,tyz,h)gi,t+h, where i refers to the country, t the time and h the
horizons (years) after the fiscal shock. d; ;. is the debt-to-GDP ratio, @;, and &; , are country fixed effects in the location
and scale equation, respectively, g;, is the government expenditure-to-GDP ratio and X; , is a set of control variables useful
for the identification of the fiscal shock (see section 11.3 for further details).
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Figure 4: Quantile effects of fiscal expenditure consolidation on debt-to-GDP.
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Note: The graph shows the effects of the expenditure consolidation on various quantiles of debt-to-GDP, from the 5-th up to
the 95-th (x-axis). Each panel shows these effects at different years after the consolidation, across quantiles. Lines with dots
represent the point estimate, whereas the whiskers are the 90% confidence intervals based on clustered standard errors at the
country level. These estimates are based on a sample of 192 countries over the period 1991-2021, retrieving the conditional
quantile function Qdi_Hh(Tlgi,t'Xi,t) = (@i + 6;09(0) + BinGie + XicBon + (YinGie + XieV2n)q(r) and thus an
estimate of the quantile coefficient B, +y1,q(7) at the 7-th quantile, from the location scale model d; .y = a;p +
BinGic + XiBop + ((Si,h +Vingic + X i’ltyzyh)si_ﬁh, where i refers to the country, t the time and h the horizons (years) after
the fiscal shock. d; ¢, is the debt-to-GDP ratio, a; , and §;j, are country fixed effects in the location and scale equation,
respectively, g; ¢ is the government expenditure-to-GDP ratio and X;, is a set of control variables useful for the identification
of the fiscal shock (see section I1.3 for further details).
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Figure 5: Location and scale effects of fiscal expenditure consolidations on selected government
budgetary variables.
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Note: The graph shows the dynamic effects of fiscal expenditure consolidations on the location and scale of the government
budgetary variables. The first line is for the government balance as percent of GDP. The second line is for the government
revenues as percent of GDP. The third line is for the government expenditure as percent of GDP. The black solid lines represent
the point estimates while darker and lighter shaded areas are, respectively, 68% and 90% confidence intervals based on
standard errors clustered at the country level. The years after the shock are indicated in the x-axis. Estimates are obtained
using a sample of 192 countries over the period 1991-2021, using the location-scale model y; 4p = @;p + B1nGir +
X Bon + (61-‘,1 +Vingie T X{‘tyz,h)ei“h, where i refers to the country, t the time and h the horizons (years) after the fiscal
shock. y; ¢1p is the selected government budgetary variable, @;, and §; , are country fixed effects in the location and scale
equation, respectively, g;, is the government expenditure-to-GDP ratio and X;, is a set of control variables useful for the
identification of the fiscal shock (see section I1.3 for further details).
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Figure 6: Location and scale effects of fiscal expenditure consolidations on selected macroeconomic

The effects of fiscal consolidations on the debt distribution

variables.
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Note: The graph shows the dynamic effects of fiscal expenditure consolidations on the location and scale of selected
macroeconomic variables. The first line is for inflation. The second line is for the real long-term interest rates. The results for
GDP are reported in terms of multipliers. The black solid lines represent the point estimates while darker and lighter shaded
areas are, respectively, 68% and 90% confidence intervals based on standard errors clustered at the country level. The years
after the shock are indicated in the x-axis. Estimates are obtained using a sample of 192 countries over the period 1991-2021,
using the location-scale model y;1n = Qip + BrpGie + X{ Bop + ((Si,h +VinGie T X{,tyzrh)siﬁh, where i refers to the
country, t the time and h the horizons (years) after the fiscal shock. y; ;. p, is the selected macroeconomic variable, e.g. inflation
or interest rate, a; 5, and §; , are country fixed effects in the location and scale equation, respectively, g; ; is the government
expenditure-to-GDP ratio and X , is a set of control variables useful for the identification of the fiscal shock (see section II.3
for further details). For GDP we estimate the multipliers using the Ramey and Zubairy (2018) approach that we extend to the
location-scale model.

INTERNATIONAL MONETARY FUND 31



IMF WORKING PAPERS

Figure 7: Effects of fiscal expenditure consolidations on debt-to-GDP and debt-at-risk in countries

The effects of fiscal consolidations on the debt distribution

adopting and not adopting a general fiscal rule and a rule on public debt.
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Note: The graph shows the dynamic effects of fiscal expenditure consolidations on the location, scale and 95-th quantile (debt-
at-risk) of the debt-to-GDP distribution in countries adopting (blue lines) and not adopting (red lines) a general fiscal rule
(panel a) and a debt rule (panel b). Shaded areas and dashed lines are the associated 90% confidence intervals based on
standard errors clustered at the country level. The years after the shock are indicated in the x-axis. Estimates are obtained
using a sample of 192 countries over the period 1991-2021, using the location-scale model d;¢ip = a;p +
Rie X [Bunrgie + XieBonr] + (1= Rig) X [Bunwric + XicBonnr] + {8in + Rie X [Vinrgie + XieVong] + (1 -

Ri,t) X [th‘NR git +X i’,tyz,h,NR]}gi,t+ha where the effect on the 95-th quantile (debt-at-risk) is estimated as ; , + ¥1,,q(7) in
the two regimes, for T = 0.95. i refers to the country, t the time and h the horizons (years) after the fiscal shock. d; 4, is the
debt-to-GDP ratio, R; . is a dummy variable which takes 1 if the fiscal rule is in place, a; , and §; ; are country fixed effects
in the location and scale equation, respectively, g;, is the government expenditure-to-GDP ratio and X;, is a set of control
variables useful for the identification of the fiscal shock (see section II.3 for further details).
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Figure 8: Effects of fiscal expenditure consolidations on debt-to-GDP and debt-at-risk conditional on
the country’s debt levels.
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Note: The graph shows the dynamic effects of fiscal expenditure consolidations on the location, scale and 95-th quantile (debt-
at-risk) of the debt-to-GDP distribution in countries with high (blue lines) and low (red lines) debt levels. Shaded areas and
dashed lines are the associated 90% confidence intervals based on standard errors clustered at the country level. The years
after the shock are indicated in the x-axis. Estimates are obtained using a sample of 192 countries over the period 1991-2021,

using the location-scale model d;¢yp = a;p + F(2;) X [ﬂl‘h‘Lgi,t + X{‘tﬂz‘h_L] + (1 - F(Zi)) X [,BLh‘Hgi_t + X{,tﬁz,h,H] +
s

{8in + F(2) X [Yinigie + Xievoni] + (1 = F(2)) X [Yunu8ic + XieVanul}eiesn, where F(2) = ——5, 7 is the debt-
to-GDP normalized as z; = ((Zi - (i) /sd(d;). The effect on the 95-th quantile (debt-at-risk) is estimated as Bin +v1rq(7)
in the two regimes, for 7 = 0.95. i refers to the country, t the time and h the horizons (years) after the fiscal shock. d; ;p is
the debt-to-GDP ratio, a;, and J;, are country fixed effects in the location and scale equation, respectively, g;, is the
government expenditure-to-GDP ratio and X; , is a set of control variables useful for the identification of the fiscal shock (see
section I1.3 for further details).
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Tables

Table 1: p-values for the test of significance of the difference between the effects of fiscal expenditure
consolidations on debt-to-GDP in countries adopting and not adopting a fiscal rule.

(a) General fiscal rule

Horizon | Location model | Scale model | Debt-at-risk
0 0.1051 0.0253 0.0287
1 0.0516 0.4839 0.2055
2 0.1511 0.9412 0.4006
3 0.0462 0.9975 0.2775
4 0.0010 0.0832 0.0022
(b) Debt rule
Horizon | Location model | Scale model | Debt-at-risk
0 0.1225 0.0296 0.0364
1 0.0458 0.5960 0.2221
2 0.1513 0.9835 0.4095
3 0.0727 0.9534 0.3256
4 0.0023 0.0658 0.0034

Note: The null hypothesis is that the difference between the coefficients in the two regimes is zero.

Table 2: p-values for the test of significance of the difference between the effects of fiscal expenditure
consolidations on debt-to-GDP conditional on the country’s debt level.

Horizon | Location model | Scale model | Debt-at-risk
0 0.0050 0.2001 0.7543
1 0.0850 0.6396 0.7513
2 0.0671 0.8592 0.2389
3 0.0332 0.0673 0.0136
4 0.7788 0.3703 0.4778

Note: The null hypothesis is that the difference between the coefficients in the two regimes is zero.
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The effects of fiscal consolidations on the debt distribution

Annex A: Robustness checks

Figure A.1: Robustness checks using different numbers of lags.
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Note: The graph shows the dynamic effects of fiscal expenditure consolidations on the location and scale (panel a) and on the
quantiles (panel b) of the debt-to-GDP distribution from the baseline model and add the results obtained with different number
of lags using colored dashed lines. In panel (a) the darker and lighter shaded areas are the 68% and 90% confidence intervals
the whiskers represent the 90% confidence intervals for the quantile coefficients,
from the baseline model, based on standard errors clustered at the country level. The years after the shock are indicated in the
x-axis. Estimates are obtained using a sample of 192 countries over the period 1991-2021, using the location-scale model
YinGir + X{_tyz,h)si“h, changing the number of lags. i refers to the country, t
the time and h the horizons (years) after the fiscal shock. d; ¢, is the debt-to-GDP ratio, a; , and 6; j, are country fixed effects
in the location and scale equation, respectively, g; . is the government expenditure-to-GDP ratio and X; , is a set of control
fiscal shock (see section I1.3 for further details). The quantile effects in panel (b)

for the location-scale effects and in panel (b)

digen = ip + BinGir + XiBan + (Bin +

variables useful for the identification of the
are estimated as 1, + ¥1,q (7).
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Figure A.2: Robustness checks removing extreme values from the debt-to-GDP and government
expenditure-to-GDP.
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Note: : The graph shows the dynamic effects of fiscal expenditure consolidations on the location and scale (panel a) and on
the quantiles (panel b) of the debt-to-GDP distribution from the baseline model and from three robustness checks where check
1, 2 and 3 refers to, respectively, the exercise of removing extreme values from the debt-to-GDP, from the government
expenditure-to-GDP and from the two variables simultaneously, whose results are represented by colored dashed lines. In
panel (a) the darker and lighter shaded areas are the 68% and 90% confidence intervals for the location-scale effects and in
panel (b) the whiskers represent the 90% confidence intervals for the quantile coefficients, from the baseline model, based on
standard errors clustered at the country level. The years after the shock are indicated in the x-axis. Estimates are obtained
using a sample of 192 countries over the period 1991-2021, using the location-scale model d;¢rp, = @;p + B1pgir +
XiBon + (6i‘h + Y1inGic + Xi’,tY2,h)€i,t+h- i refers to the country, t the time and h the horizons (years) after the fiscal shock.
d;¢+n is the debt-to-GDP ratio, a; , and J; j, are country fixed effects in the location and scale equation, respectively, g;, is
the government expenditure-to-GDP ratio and X; , is a set of control variables useful for the identification of the fiscal shock
(see section 11.3 for further details). The quantile effects in panel (b) are estimated as f5; , + ¥4, ,q(7).
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Figure A.3: Robustness checks replacing the ratio between government expenditure and GDP with the
ratio between the government balance and GDP as impulse variable.
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Note: The graph shows the dynamic effects of fiscal balance consolidations on the location and scale (panel a) and on the
quantiles (panel b) of the debt-to-GDP distribution obtained by replacing the government expenditure-to-GDP ratio with the
fiscal balance-to-GDP ratio in the location scale model d; 1, = @;p, + B1nGir + X{Bop + (é'i,h + yinbir + X{,tyzlh)ei‘ﬂh.
i refers to the country, t the time and h the horizons (years) after the fiscal shock. d; ., is the debt-to-GDP ratio, a; , and 6§; ,
are country fixed effects in the location and scale equation, respectively, b; ; is the fiscal balance-to-GDP ratio and X;, is a set
of control variables useful for the identification of the fiscal shock (see section I1.3 for further details). The quantile effects in
panel (b) are estimated as 1 5 + ¥1,q (7). In panel (a) the darker and lighter shaded areas are the 68% and 90% confidence
intervals for the location-scale effects and in panel (b) the whiskers represent the 90% confidence intervals for the quantile
coefficients.
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Figure A.4: Robustness checks on the quantile effects using alternative

The effects of fiscal consolidations on the debt distribution
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Note: The graph shows the effects of the expenditure consolidation on various quantiles of debt-to-GDP, from the 5-th up to
the 95-th (x-axis) obtained from the baseline empirical strategy and compares them with two alternative empirical exercises.
Check 1 refers to the application of quantile regressions for cross-sectional data and check 2 refers to the application of IV
quantile regressions for cross-sectional data. The results from the baseline empirical strategy are represented by the red lines
with dots, with the associated 90% confidence intervals represented by whiskers, and are based on retrieving the conditional
quantile function Qdi_H_h(Tlgi,t:Xi,t) = (@i + 6,09(0) + BinGie + XicBon + (Yinbic + Xi¥2)q(t) and thus an
estimate of the quantile coefficient B, + ¥1,q(7) at the 7-th quantile, from the location scale model d;;ip, = a;p +
BinGic + X Popn + (é‘i,h +Vingic + X i’,tyz,h)gi,t+ha where i refers to the country, t the time and h the horizons (years) after
the fiscal shock. d; ¢y is the debt-to-GDP ratio, a; , and §; ), are country fixed effects in the location and scale equation,
respectively, g; ¢ is the government expenditure-to-GDP ratio and X;, is a set of control variables useful for the identification
of the fiscal shock (see section I1.3 for further details). Check 1 and 2, instead, are based on the estimation of standard quantile
regressions Q; (di_Hh - &i) = Bor + B1:9i¢ + Xi B2z + Wy e4n, Without and with IV for g; ., where &; are the country fixed
effects estimated in a first stage, following the approach in Canay (2011). In the estimation without IV, X/, contains the same
controls as in the baseline model. In the IV estimation, X;, only contains lags of debt-to-GDP and government expenditure,

since the IV is constructed as forecast errors in government expenditure purged from the same set of control variables in the
baseline model (see Colombo et al. 2024).
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Figure A.5: Effects of fiscal expenditure consolidations on debt-to-GDP and debt-at-risk in countries

The effects of fiscal consolidations on the debt distribution

adopting and not adopting a budget balance rule, an expenditure rule and a revenues rule.
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Note: The graph shows the dynamic effects of fiscal expenditure consolidations on the location, scale and 95-th quantile (debt-
at-risk) of the debt-to-GDP distribution in countries adopting (blue lines) and not adopting (red lines) a budget balance rule
(panel a), a fiscal rule on public expenditure (panel b) and a fiscal rule on public revenues (panel c). Shaded areas and dashed
lines are the associated 90% confidence intervals based on standard errors clustered at the country level. The years after the
shock are indicated in the x-axis. Estimates are obtained using a sample of 192 countries over the period 1991-2021, using
the location-scale model d;rin = @ip + Rix X [BinrGic + XitBPonr| + (1 — Rir) X [BunnrGic + XitBonnr] + {in +
R X [V1,h,R9i,t + Xi’,tVZ,h,R] + (1 - Ri‘t) X [yl,h,NRgi,t + Xi’,tyz,h,NR]}gi,t+h, where the effect on the 95-th quantile (debt-at-
risk) is estimated as B j, + ¥1,q(7) in the two regimes, for T = 0.95. i refers to the country, t the time and h the horizons
(years) after the fiscal shock. d; .y, is the debt-to-GDP ratio, R; ; is a dummy variable which takes 1 if the specific fiscal rule
is in place, a;, and &;; are country fixed effects in the location and scale equation, respectively, g;, is the government
expenditure-to-GDP ratio and X; , is a set of control variables useful for the identification of the fiscal shock (see section II.3
for further details).
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Table A.1: p-values for the test of significance of the difference between the effects of fiscal expenditure
consolidations on debt-to-GDP in countries adopting and not adopting a fiscal rule on the budget balance,
expenditure and revenues.

(a) Budget balance rule

Horizon | Location model | Scale model Debt-at-risk
0 0.0467 0.1349 0.0670
1 0.0248 0.4770 0.1456
2 0.1353 0.5070 0.1748
3 0.0703 0.8483 0.2714
4 0.0040 0.0872 0.0054

(b) Expenditure rule

Horizon | Location model | Scale model Debt-at-risk
0 0.0034 0.4802 0.1020
1 0.0203 0.9160 0.4389
2 0.0158 0.5415 0.4842
3 0.0302 0.1095 0.8810
4 0.0022 0.1179 0.4839

(c) Revenues rule

Horizon | Location Scale model | Debt-at-risk
model

0 0.7505 0.2471 0.4507

1 0.2640 0.7116 0.4533

2 0.3061 0.9229 0.5296

3 0.3064 0.9115 0.6263

4 0.0266 0.6287 0.2887

Results based on the strength of the fiscal rule

As we indicate in the paper, we apply an alternative methodology to using the dummy variables for the
fiscal rules, whose results are presented in the paper. We use a recent index which measures the strength
of the fiscal rule. This index is available for a subset of countries. We extend the baseline model in
equation (1) of the paper, by modeling non-linear interactions with a smooth transition function based on

this index. We exploit both cross-country and time variation by normalizing the index as follows: z; , =

(si’t - §) /sd(s;). We use the value of the stringency index contemporaneously, as implementing

reforms on fiscal rules usually takes a long legislative process, thus this rules out any endogeneity issue
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of the stringency index. Since the index is available for only those countries which adopt a fiscal rule,

this empirical exercise will focus on this subset of countries. The model is represented as follows:

dicsn = Ain + F(zie) X [Buniie + X Bons] + (1 - F(Zi,t)) X [BunuGic + Xi tBopu]
+ {5i,h + F(zie) X [viniie + XieVani
+ (1 - F(Zi,t)) X [yinngie + Xi,,t)/Z,h,H]} Eit+h

“YZit

with F(zi,t) = ;— and y = 5.

e YZit
Pine and vy, will give us, respectively, the location and scale effects of fiscal expenditure
consolidations on debt-to-GDP for the lower fiscal rule strength regime, whereas B, , y and yq , y will

measure the effects of fiscal expenditure consolidations on debt-to-GDP when the strength of the fiscal

rule is higher.

The results are in Figure A.6 and the test of the significance of the difference between the effects
for the high fiscal rule strength and low fiscal rule strength are in Table A.2. They show that the effects
of fiscal expenditure consolidations on debt-to-GDP and debt-at-risk are higher the stronger is the
stringency of the fiscal rule. The expenditure consolidation lowers the debt-to-GDP by more than 1
percentage points on impact and by more than 1.5 percentage points in the medium-term when the fiscal
rule is tighter. This result is similar for the general fiscal rule and for the rule on debt. For the general
fiscal rule, the scale effects are significantly higher in the high rule strength regime only four years after
the fiscal shock, whereas for the debt rule these effects are significantly higher both on impact and after
four years. This leads the impact on the debt-at-risk to be much higher when the fiscal rules are tighter.
The drop is 2 percentage points on impact in the high fiscal rule strength regime against a 0.5 percentage
points reduction when the fiscal rule is looser, and in the case of the debt rule this last effect is not
significant. In the medium term the difference in the response between the two regimes sharpen, and the
debt-at-risk drops by about 2.5 percentage points when the fiscal rule is tighter whereas there are no
effects when the fiscal rule is looser. In the case of the general fiscal rule the difference in the effects on
the debt-at-risk between the two regimes is statistically significant at horizons 2 and 4, whereas in the

case of the debt rule at horizon 0, 2 and 4.
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The effects of fiscal consolidations on the debt distribution

Figure A.6: Effects of fiscal consolidations on debt conditional on the strength of the fiscal rule.
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Note: The graph shows the dynamic effects of fiscal expenditure consolidations on the location, scale and 95-th quantile (debt-
at-risk) of the debt-to-GDP distribution conditional on the strength of the general fiscal rule (panel a) and debt rule (panel b).
The blue lines are for the regime of high strength while the red ones for the low strength regime. Shaded areas and dashed
lines are the associated 90% confidence intervals based on standard errors clustered at the country level. The years after the

shock are indicated in the x-axis. Estimates are based on the location-scale model d; ¢y, = a;p + F (Zi‘t) X [ﬁllh_Lgi,t +
X Bons] + (1 - F(Zi,t)) X [Binuie + XieBonnu] + {5i,h +F(20) X [yinigie + XieVani] + (1 - F(Zi,t)) X
[th,H gir + X i’,ty2,h,H]} &; t+n Where the effect on the 95-th quantile (debt-at-risk) is estimated as 5, ,, + ¥4 ,q(7) in the two

regimes, for T = 0.95. i refers to the country, t the time and h the horizons (years) after the fiscal shock. d; ¢, is the debt-to-
—

GDP ratio, F(zi_t) =

as follows z;, = (si_t - §) / sd(s;.), and y is set to an intermediate value equal to 5, @; ,, and 6; , are country fixed effects in

the location and scale equation, respectively, g;, is the government expenditure-to-GDP ratio and X;, is a set of control

variables useful for the identification of the fiscal shock (see section I1.3 for further details). The effect on the 95-th quantile

(debt-at-risk) is estimated as fB; p, + ¥1,q(7) in the two regimes, for T = 0.95.

——7—, Z; ¢ 1s the fiscal rule stringency index normalized to have mean 0 and unitary standard deviation
1+e VZiL> 7Lt
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Table A.2: p-values for the test of significance of the difference between the effects of fiscal expenditure
consolidations on debt-to-GDP conditional on the strength of general fiscal rule and debt rule.

(a) General fiscal rule

Horizon Location model Scale model Debt-at-risk
0 0.0170 0.3594 0.1205
1 0.0368 0.9846 0.2687
2 0.0122 0.8632 0.0987
3 0.0255 0.9969 0.2968
4 0.0030 0.0861 0.0122
(b) Debt rule
Horizon Location model Scale model Debt-at-risk
0 0.0061 0.0956 0.0259
1 0.0418 0.7360 0.1836
2 0.0044 0.6617 0.0479
3 0.0121 0.5791 0.1157
4 0.0021 0.0215 0.0024
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Figure A.7: Effects of fiscal expenditure consolidations on debt-to-GDP and debt-at-risk conditional on

The effects of fiscal consolidations on the debt distribution

the country’s debt levels (alternative values of y).
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Note: The graph shows the dynamic effects of fiscal expenditure consolidations on the location, scale and 95-th quantile (debt-
at-risk) of the debt-to-GDP distribution in countries with high (blue lines) and low (red lines) debt levels changing the value
of ¥ in the smooth transition function (see below) which in the baseline model is set to an intermediate value equal to 5.
Shaded areas and dashed lines are the associated 90% confidence intervals based on standard errors clustered at the country
level. The years after the shock are indicated in the x-axis. Estimates are obtained using a sample of 192 countries over the
period 1991-2021, using the location-scale model d;pyp = @p + F(2)) X [Binrgic + X{,tﬂzlh,,‘] +(1-F(z)) %

[ﬂl,h,Hgi,t + X{,tﬁz,h,ﬂ] + {5i,h + F(z;) X [V1,h,Lgi,t + Xi,,ty2,h,L] + (1 - F(Zi)) X [yl,h,Hgi,t + Xi’,tYZ,h,H]}Si,t+h:

F(z) = ;;i z; is the debt-to-GDP normalized as z; = (d; — d)/sd(d;) and y is set alternatively to 2.5 (panel a) and 7

—vz;>

where

(panel b). The effect on the 95-th quantile (debt-at-risk) is estimated as f5; , + ¥1,q(7) in the two regimes, for T = 0.95. i
refers to the country, t the time and h the horizons (years) after the fiscal shock. d; ¢, is the debt-to-GDP ratio, a; ; and §; ,
are country fixed effects in the location and scale equation, respectively, g; ; is the government expenditure-to-GDP ratio and
X; ¢ is a set of control variables useful for the identification of the fiscal shock (see section 1.3 for further details). The effect
on the 95-th quantile (debt-at-risk) is estimated as f; j, + 1 ,q(7) in the two regimes, for T = 0.95.
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Results based on dummies for different levels of public debt ratios

Here we provide details on the alternative methodology to the one used in the main paper, to obtain an
estimate of the effects of government expenditure consolidations on debt ratios depending on the initial
level of public debt. We adopt the approach in IMF (2024) and Furceri et al. (2024), by constructing four
dummy variables, each equal to 1 if the initial level of public debt ratios lies in one of the fourth quartile,
namely 1{Q(di,t = k)} for k = 1,2, 3,4 indicating the quartile of the debt-to-GDP distribution. The
baseline model is extended as follows:

4
ditsn = aip + Z(ﬁm,kgi,t + X{ Bonx) * 1{Q(d;; = k)}
=1

4
+ [6in + Z(yl,h,kgi,t + X! Vonr) X H{Q(die = k)} €ipan
=1

Following IMF (2024) and Furceri et al. (2024), we define “low initial debt” as the first quartile of debt-

to-GDP (k = 1) and “high initial debt” as the fourth quartile of debt-to-GDP (k = 4). The results are in
Figure A.8

Figure A.8: Effects of fiscal expenditure consolidations on debt-to-GDP and debt-at-risk conditional
on the country’s debt levels (robustness checks using dummies for high versus low initial debt levels).
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Note: The plot shows robustness checks for the results in section V.2, using an alternative strategy to discriminate between
high and low debt levels. We construct four dummy variables, each equal 1 if the lag of debt-to-GDP lies in one of the four
quartiles of the debt-to-GDP distribution, and we add interaction terms between these four dummy variables and the regressors
in the baseline model. Following IMF (2024) and Furceri et al. (2025), we consider the first quartile as “low initial debt level”
and the fourth quartile as “high initial debt level”, and we plot the results of the coefficients associated with the interaction
between government expenditure and the two dummy variables for the first and fourth quartile. The estimates are based on a
sample of 192 countries over the period 1991-2021, using the following location-scale model d;.p = a;p +
Yho1(Biniie + XiBoni) X 1{Q(die = k)} + [6i1 + Tics (Vinkie + XieVani) X 1{Q(dir = k)}|€;e4n. The red solid
lines represent the results for the low initial debt level regime, with the dashed red lines being the associated 90% confidence
intervals. The blue solid lines represent the results for the high initial debt level regime, with the gray shaded areas being the
associated 90% confidence intervals. The effect on the 95-th quantile (debt-at-risk) is estimated as ; ,, + Y1 ,q(7) in the two
regimes, for T = 0.95.
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Annex B: Additional results

Figure B.1: Location and scale effects of fiscal expenditure consolidations on selected government
budgetary variables in countries adopting and not adopting a general fiscal rule.
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Note: The graph shows the dynamic effects of fiscal expenditure consolidations on the location and scale of the distribution
of selected government budgetary variables in countries adopting (blue lines) and not adopting (red lines) a general fiscal rule.
The first line is for the government balance as percent of GDP. The second line is for the government revenues as percent of
GDP. The third line is for the government expenditure as percent of GDP. Shaded areas and dashed lines are the associated
90% confidence intervals based on standard errors clustered at the country level. The years after the shock are indicated in
the x-axis. Estimates are obtained using a sample of 192 countries over the period 1991-2021, using the location-scale model
Vierh = Qip + Rig X [Bunric + XitBong] + (1= Rie) X [Bunnric + XitBonne] + {8in + Rie X [Vinrgic +
X{_tyz‘h,R] + (1 - Ri,t) X [th,NR it + Xi,,tyz,h,NR]}gi,t+ha where i refers to the country, t the time and h the horizons (years)
after the fiscal shock. y; ..p, is the selected government budgetary variable, R; ; is a dummy variable which takes 1 if the fiscal
rule is in place, «; , and §; , are country fixed effects in the location and scale equation, respectively, g; ; is the government
expenditure-to-GDP ratio and X; , is a set of control variables useful for the identification of the fiscal shock (see section 1.3
for further details).
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Figure B.2: Location and scale effects of fiscal expenditure consolidations on selected macroeconomic
variables in countries adopting and not adopting a general fiscal rule.
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Note: The graph shows the dynamic effects of fiscal expenditure consolidations on the location and scale of the distribution
of selected macroeconomic variables in countries adopting (blue lines) and not adopting (red lines) a general fiscal rule. The
first line is for inflation. The second line is for the real long-term interest rates. The results for GDP are reported in terms of
multipliers. Shaded areas and dashed lines are the associated 90% confidence intervals based on standard errors clustered at
the country level. The years after the shock are indicated in the x-axis. Estimates are obtained using a sample of 192 countries
over the period 1991-2021, using the location-scale model y;¢ip = @;p + R;¢ X [,BLh‘Rgi‘t + Xi’,tﬁZ,h,R] + (1 - Ri,t) X
[BinwrGie + XicBonnr) + {6in + Rie X [YinrGie + XieVanr| + (1= Rie) X [Yinnrgie + XieVonng|}eicsn, where i
refers to the country, t the time and h the horizons (years) after the fiscal shock. y; ¢, is the selected macroeconomic variable,
e.g. inflation or interest rate, R; , is a dummy variable which takes 1 if the fiscal rule is in place, a; , and §; , are country fixed
effects in the location and scale equation, respectively, g;, is the government expenditure-to-GDP ratio and X; , is a set of
control variables useful for the identification of the fiscal shock (see section I1.3 for further details). For GDP we estimate the
multipliers using the Ramey and Zubairy (2018) approach that we extend to the location-scale model.
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Table B.1: p-values for the test of significance of the difference between the effects of fiscal
expenditure consolidations in countries adopting and not adopting a general fiscal rule, on selected
government budgetary variables and macroeconomic variables.

(a) Government budgetary variables

Gov. Balance Gov. Revenues Gov. Expenditure
Horizon | Location Scale Location Scale Location Scale

model model model model model model
0 0.6016 0.9335 0.6016 0.9335
1 0.9522 0.3535 0.8330 0.9120 0.9777 0.6851
2 0.6564 0.4458 0.6663 0.3990 0.8793 0.1492
3 0.5556 0.0005 0.7269 0.0003 0.2602 0.0217
4 0.3288 0.0931 0.0463 0.0017 0.9145 0.7170

(b) Macroeconomic variables

Inflation Interest Rates Multipliers
Horizon | Location Scale Location Scale Location Scale

model model model model model model
0 0.8517 0.9109 0.6789 0.9769 0.2249 0.0049
1 0.3435 0.3211 0.2306 0.5899 0.3419 0.0540
2 0.0614 0.0859 0.1638 0.8141 0.2411 0.1233
3 0.7086 0.4842 0.9972 0.4838 0.4442 0.0935
4 0.0941 0.3252 0.6634 0.7999 0.2408 0.1567
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Figure B.3: Location and scale effects of fiscal expenditure consolidations on selected government
budgetary variables in countries adopting and not adopting a debt rule.
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Note: The graph shows the dynamic effects of fiscal expenditure consolidations on the location and scale of the distribution
of selected government budgetary variables in countries adopting (blue lines) and not adopting (red lines) a debt rule. The
first line is for the government balance as percent of GDP. The second line is for the government revenues as percent of GDP.
The third line is for the government expenditure as percent of GDP. Shaded areas and dashed lines are the associated 90%
confidence intervals based on standard errors clustered at the country level. The years after the shock are indicated in the x-
axis. Estimates are obtained using a sample of 192 countries over the period 1991-2021, using the location-scale model
Yierh = ip + Rie X [BunrGic + XitBong] + (1 — Rir) X [Bunnric + XitBonnr]| + {8in + Rie X [Vinrgic +
Xi’,tyz,h,R] + (1 - Ri‘t) X [V1,h,1vR i+t X{‘tyz‘h_NR]}ei,Hh, where i refers to the country, t the time and h the horizons (years)
after the fiscal shock. y; . p, is the selected government budgetary variable, R; ; is a dummy variable which takes 1 if the fiscal
rule is in place, @;, and J;j are country fixed effects in the location and scale equation, respectively, g; ; is the government
expenditure-to-GDP ratio and X; , is a set of control variables useful for the identification of the fiscal shock (see section II.3
for further details).
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Figure B.4: Location and scale effects of fiscal expenditure consolidations on selected macroeconomic
variables in countries adopting and not adopting a debt rule.

Location effects Inflation Scale effects Inflation
N RN
g° el 4 ~ £+
S i
Q. Q.
()] Q
DN CDO
g7 £3
[7] Q
o o
] w—= No debt rule 2l O
£ g _| == Debtrule > o g - = ?
| I I I | I | I I
-1 0 1 2 3 4 -1 0 1 2 3 4
Years Years
Location effects Interest Rates Scale effects Interest Rates
(2] [%;]
) PN
[ = :
'3 5 °
Q. (o N
S o
8 g
@ G
o 2
4] Job]
0 o ©
o
1
-1 0 1 2 3 4
Years Years
Multipliers (location) 5 Multipliers (scale)
g
o
@ 0 °
Q Qo
a So
S S
= =
<
o
I
I | I I
-1 0 1 2 3 4
Years Years

Note: The graph shows the dynamic effects of fiscal expenditure consolidations on the location and scale of the distribution
of selected macroeconomic variables in countries adopting (blue lines) and not adopting (red lines) a debt rule. The first line
is for inflation. The second line is for the real long-term interest rates. The results for GDP are reported in terms of multipliers.
Shaded areas and dashed lines are the associated 90% confidence intervals based on standard errors clustered at the country
level. The years after the shock are indicated in the x-axis. Estimates are obtained using a sample of 192 countries over the
period 1991-2021, using the location-scale model y; ¢yp, = @;p + R;¢ X [BLh’Rgilt + Xi,,t.BZ,h,R] + (1 - Ri_t) X [.Bl,h,NRgi,t +
X Bonnr] + {8in + Rie X [VinrGic + XieVanr] + (1= Rie) X [YinnrGic + XiVannr]}eicen, Where i refers to the
country, t the time and h the horizons (years) after the fiscal shock. y; ., is the selected macroeconomic variable, e.g. inflation
or interest rate, R;, is a dummy variable which takes 1 if the fiscal rule is in place, a; ; and §; , are country fixed effects in
the location and scale equation, respectively, g;, is the government expenditure-to-GDP ratio and X, is a set of control
variables useful for the identification of the fiscal shock (see section I1.3 for further details). For GDP we estimate the
multipliers using the Ramey and Zubairy (2018) approach that we extend to the location-scale model.
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Table B.2: p-values for the test of significance of the difference between the effects of fiscal expenditure
consolidations in countries adopting and not adopting a debt rule, on selected government budgetary

The effects of fiscal consolidations on the debt distribution

variables and macroeconomic variables.

(a) Government budgetary variables

Gov. Balance Gov. Revenues Gov. Expenditure
Horizon | Location Scale Location Scale Location Scale

model model model model model model
0 0.8668 0.9467 0.8668 0.9467
1 0.9568 0.4340 0.9721 0.7970 0.8609 0.7356
2 0.6029 0.3085 0.5709 0.1815 0.9332 0.2162
3 0.6139 0.0012 0.7525 0.0001 0.3566 0.0377
4 0.4240 0.0628 0.0555 0.0014 0.7627 0.9924

(b) Macroeconomic variables

Inflation Interest Rates Multipliers
Horizon | Location Scale Location Scale Location Scale

model model model model model model
0 0.9657 0.8509 0.6746 0.0870 0.3517 0.0312
1 0.3268 0.2635 0.9525 0.0399 0.6202 0.1751
2 0.0826 0.2436 0.2638 0.0616 0.5732 0.2613
3 0.6197 0.4072 0.1729 0.0747 0.8345 0.1758
4 0.1308 0.4473 0.8764 0.7855 0.5798 0.2620
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Figure B.5: Location and scale effects of fiscal expenditure consolidations on selected government

The effects of fiscal consolidations on the debt distribution

budgetary variables conditional on the country’s debt levels.
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Note: The graph shows the dynamic effects of fiscal expenditure consolidations on the location and scale of the distribution
of selected government budgetary variables in countries with high (blue lines) and low (red lines) debt levels. The first line is
for the government balance as percent of GDP. The second line is for the government revenues as percent of GDP. The third
line is for the government expenditure as percent of GDP. Shaded areas and dashed lines are the associated 90% confidence
intervals based on standard errors clustered at the country level. The years after the shock are indicated in the x-axis. Estimates
are obtained using a sample of 192 countries over the period 1991-2021, using the location-scale model d; 1y, = a;p +
F(z) X [Bunrie + XieBonr]) + (1= F(2)) X [Bunugie + XieBonu] + {8in + F(2) X [Yini8ic + Xievane] + (1 -
F(2)) X [Yunu8ie + XiVonu| €isrn, where F(z;) = :e—]j;i’ z; is the debt-to-GDP normalized as z; = (d; — d)/sd(d;). i
refers to the country, t the time and h the horizons (years) after the fiscal shock. y; .y, is the selected government budgetary
variable, a;, and 6;, are country fixed effects in the location and scale equation, respectively, g;. is the government
expenditure-to-GDP ratio and X; , is a set of control variables useful for the identification of the fiscal shock (see section 1.3
for further details).

INTERNATIONAL MONETARY FUND 53



IMF WORKING PAPERS

Figure B.6: Location and scale effects of fiscal expenditure consolidations on selected macroeconomic

variables conditional on the country’s debt levels.
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Note: The graph shows the dynamic effects of fiscal expenditure consolidations on the location and scale of the distribution
of selected macroeconomic variables in countries with high (blue lines) and low (red lines) debt levels. The first line is for
inflation. The second line is for the real long-term interest rates. The results for GDP are reported in terms of multipliers.
Shaded areas and dashed lines are the associated 90% confidence intervals based on standard errors clustered at the country
level. The years after the shock are indicated in the x-axis. Estimates are obtained using a sample of 192 countries over the
period 1991-2021, using the location-scale model d; vy = a;p + F(z;) X [ﬁ1,h,L9i,t + X{_tﬁz_h,,d] + (1 — F(zi)) X
[BunuGic + XiBonu]| + {8in + F@) X [vinric + XitVans] + (1= F(2)) X [yonuGic + XieVanul}eicen,

-vz;

1£41 - — —
F(z) = ﬁ, z; is the debt-to-GDP normalized as z; = (d; — d)/sd(d;), where i refers to the country, ¢ the time and h

where

the horizons (years) after the fiscal shock. y; .4y is the selected macroeconomic variable, e.g. inflation or interest rate, a; j,
and §; ;, are country fixed effects in the location and scale equation, respectively, g; , is the government expenditure-to-GDP
ratio and X;, is a set of control variables useful for the identification of the fiscal shock (see section I1.3 for further details).
For GDP we estimate the multipliers using the Ramey and Zubairy (2018) approach that we extend to the location-scale
model.
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Table B.3: p-values for the test of significance of the difference between the effects of fiscal expenditure
consolidations conditional on the country’s debt levels, on selected government budgetary variables and
macroeconomic variables.

(a) Government budgetary variables

Gov. Balance Gov. Revenues Gov. Expenditure
Horizon | Location Scale Location Scale Location Scale

model model model model model model
0 0.9592 0.1116 0.8609 0.0697
1 0.9887 0.9146 0.7881 0.0261 0.6676 0.2526
2 0.6445 0.3055 0.2103 0.0375 0.7852 0.8864
3 0.7212 0.9143 0.9138 0.9445 0.5967 0.3644
4 0.5749 0.1799 0.3874 0.2919 0.6533 0.4850

(b) Macroeconomic variables

Inflation Interest Rates Multipliers
Horizon | Location Scale Location Scale Location Scale

model model model model model model
0 0.2324 0.2178 0.4011 0.1214 0.1062 0.0029
1 0.1436 0.2443 0.1591 0.0838 0.2385 0.0170
2 0.0335 0.8011 0.9673 0.8043 0.3961 0.2385
3 0.5723 0.3192 0.3886 0.9667 0.4206 0.4256
4 0.2710 0.6994 0.4072 0.2726 0.3583 0.5040
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Annex C: Descriptive statistics
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Table C.1: List of the 192 countries included in the dataset.

Afghanistan | Central African Ghana Lesotho Pakistan Sudan
Republic
Albania Chad Greece Liberia Palau Suriname
Algeria Chile Grenada Lithuania Panama Sweden
Angola China Guatemala | Luxembourg | Papua New Switzerland
Guinea
Antigua and | Colombia Guinea Madagascar | Paraguay Syria
Barbuda
Argentina Comoros Guinea- Malawi Peru Sao Tomé and
Bissau Principe
Armenia Congo, Republic | Guyana Malaysia Philippines Taiwan
of Province of
China
Aruba Costa Rica Haiti Maldives Poland Tajikistan
Australia Croatia Honduras | Mali Portugal Tanzania
Austria Cyprus Hong Malta Puerto Rico Thailand
Kong SAR
Azerbaijan Czech Republic Hungary Marshall Qatar Timor-Leste,
Islands Dem. Rep. of
Bahamas, Cote d'Ivoire Iceland Mauritania Romania Togo
The
Bahrain Democratic India Mauritius Russia Tonga
Republic of the
Congo
Bangladesh | Denmark Indonesia | Mexico Rwanda Trinidad and
Tobago
Barbados Djibouti Iran Micronesia, Samoa Tunisia
Fed. States of
Belarus Dominica Iraq Moldova San Marino Turkmenistan
Belgium Dominican Ireland Mongolia Saudi Arabia Tuvalu
Republic
Belize Ecuador Israel Montenegro, | Senegal Tiirkiye
Rep. of
Benin Egypt Italy Morocco Serbia Uganda
Bhutan El Salvador Jamaica Mozambique | Seychelles Ukraine
Bolivia Equatorial Guinea | Japan Myanmar Sierra Leone United Arab
Emirates
Bosnia and | Eritrea Jordan Namibia Singapore United
Herzegovina Kingdom
Botswana Estonia Kazakhsta | Nauru Slovak Republic | United States
n
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The effects of fiscal consolidations on the debt distribution

Table C.1: List of the 192 countries included in the dataset. (Continued)

Brazil Eswatini Kenya Nepal Slovenia Uruguay
Brunei Ethiopia Kiribati Netherlands Solomon Uzbekistan
Darussalam Islands
Bulgaria Fiji Korea New Zealand | South Africa Vanuatu
Burkina Faso | Finland Kosovo Nicaragua South Sudan Venezuela
Burundi France Kuwait Niger Spain Vietnam
Cabo Verde Gabon Kyrgyz Nigeria Sri Lanka West Bank
Republic and Gaza
Cambodia Gambia, The Lao P.D.R. North St. Kitts and Yemen
Macedonia Nevis
Cameroon Georgia Latvia Norway St. Lucia Zambia
Canada Germany Lebanon Oman St. Vincent Zimbabwe
and the
Grenadines
Table C.2: Descriptive statistics
# obs. Mean Std. Dev. Min Max
Debt-to-GDP 4369 55.745 43.281 0.052 600.117
Government expenditure | 4369 31.489 14.251 2.483 134.665
(percent of GDP)
Log of real GDP 4369 6.141 3.560 -8.062 16.219
Log of real government | 4369 4.890 3.456 -9.178 14.532
expenditure
Inflation (percent) 4369 5.523 13.788 -129.936 648.424
Real interest rate 4148 -0.318 39.114 -99.955 2459.488
Government balance 4367 -2.301 6.189 -55.407 125.135
(percent of GDP)
Government revenues 4367 29.182 14.874 0.637 166.030
(percent of GDP)
Forecast of government | 4369 1.32E+09 | 7.24E+09 | O 1.36E+11
expenditure (percent of
GDP)
Forecast of inflation 4369 -1.461 92.175 -2222.67 2137.346
(percent)
Forecast of log of real 4369 10.779 9.805 -18.804 36.732
GDP
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Table C.3: Regressions of the implied government expenditure shock from the baseline local projections
on selected variables.

First principal component of selected macro-variables (contemporaneous) 0.358
(0.393)
First principal component of the first lag of selected macro-variables -0.371
(0.271)
First principal component of forecast errors of selected macro-variables 0.060
(0.107)
World Uncertainty Index (Ahir, Bloom and Furceri 2022) 0.192
(0.362)
World Uncertainty Index - Fiscal Policy (Ahir, Bloom and Furceri 2022) 0.494
(1.681)
World Uncertainty Index - Political (Ahir, Bloom and Furceri 2022) -0.042
(0.607)
Monetary policy shocks (Furceri, Loungani and Zdzienicka 2018) -0.017
(0.083)

Note: The table reports the coefficients of the regressions of the fiscal shocks on each of the variables indicated in the first
column, with robust standard errors in brackets. Country and time fixed effects are controlled for but not reported. The selected
macro-variables include inflation, output, government expenditure, short-term interest rates, and exchange rates (national
currency per U.S. dollar). The forecast errors are those of output, inflation and interest rates.

Table C.4: Descriptive statistics of the government spending shock.

Mean Std. Dev. Min 25-th quantile | 75-th quantile Max
-9.00e-16 3.285 -22.173 -1.411 1.090 30.285

Note: The government spending shock is defined as the innovation implied by the local projections, which—according to the
Frisch-Waugh-Lovell theorem—corresponds to the residual from projecting the impulse variable g; . onto the set of control
variables X; ¢, that is, §;» = g; — E(gi_thi_t) (see Montiel-Olea et al. 2025).
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Figure C.1: Distribution of government expenditure shocks.

.25 1

Density
o
!

The effects of fiscal consolidations on the debt distribution

Entire sample

.05

-10 0 10 20
fiscal shock

Advanced Economies

30

T
-20

Density
&
1t

.03 1

-10

0 10 20
fiscal shock

Emerging Market and Developing Economies

30

T
-20

-10 0
fiscal shock

20

30

Note: The government spending shock is defined as the innovation implied by the local projections, which—according to the
Frisch-Waugh-Lovell theorem—corresponds to the residual from projecting the impulse variable g; . onto the set of control

variables X; ¢, thatis, §; ¢ = g;¢ — E (gi,t|Xi_t) (see Montiel-Olea et al. 2025).
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