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Online Annex 1.1 Datasets for Public Spending1 
This Online Annex describes the underlying data used in the main text. It summarizes data sources, coverage, and 
methodology for (i) public spending, (ii) outcome variables for public spending efficiency estimates, and (iii) drivers of public 
spending efficiency, composition, and rigidity. 

Public Spending 
The database combines different sources to construct a new series for the level of public spending, both at 
the aggregate level and for public spending on investment, education, health, and R&D.2 To ensure 
consistency, all public spending indicators are calculated first as a share of gross domestic product (GDP) 
in nominal terms and then converted to real per capita units (for the efficiency gaps analysis—see Online 
Annex 1.2) using GDP deflators and PPP exchange rates and to percent of total expenditure (for the 
growth regressions analysis—see Online Annex 1.5). Variable descriptions, sources, coverage, and time 
periods for these indicators are summarized in Online Annex Table 1.1.1; steps for extraction and 
calculations are summarized below. 

Total public expenditure 

Total public expenditure is measured as general government expenditure as a share of GDP and is largely 
based on the IMF’s Public Finances in Modern History (PFMH) database, adjusted for structural breaks.3 
The adjusted series was extended to 2024 using the October 2024 World Economic Outlook (WEO). Any 
“jumps” introduced by combining data sources were addressed by applying the difference between the two 
series to the following or preceding years. 

Public investment 

Public investment is measured as gross fixed capital formation of the general government and is taken 
primarily from the IMF’s Investment and Capital Stock Dataset (ICSD) (IMF 2021). ICSD data were 
carried backward and forward using the comparable series from the following sources (by order of priority): 
WEO, World Development Indicators (WDI), Government Finance Statistics (GFS), and Barro-Lee 
(1993).4 The series are adjusted for structural breaks, assuming no year-to-year change. 5  

Public education spending 

Public education spending, as defined by the Classification of Functions of Government (COFOG), 
includes “expenditure on services provided to individual pupils and students and expenditure on services 
provided on a collective basis (IMF 2014).” The series on public education spending as a share of GDP 
combines data from the following sources: Barro-Lee (1993), Gethin (2024), GFS, Our World in Data 
(OWID), the United Nations Educational, Scientific and Cultural Organization (UNESCO), and WDI, 

 
1 Prepared by Chloe Hyungsun Cho. 
2 Public spending indicators aim to capture spending across all levels of government by using the consolidated data for the general 
government sector as the benchmark series where available.  
3 Any changes in coverage (from central to general government) were addressed, assuming no year-to-year change. 
4 All raw data was visually assessed, and some data points (e.g., suspiciously large jumps or negative values that are not visible in 
other sources) were treated as missing. 
5 Structural breaks were identified as suspicious cases of large jumps (i.e., three standard deviations) combined with disagreement 
between the ICSD and WEO (public) jump sizes and between ICSD (public) and Penn World Table (aggregate) jump sizes. 
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which are in line with the COFOG definition but may also include self-reported data. The series from 
UNESCO was adjusted for structural breaks from the change in raw data sources.6  Gethin (2024) was used 
as the benchmark series for most countries for the period of 1980–2022.7 The series was then (i) carried 
forward using the GFS, UNESCO, and WDI; and (ii) carried backward using the UNESCO, recent WDI, 
and vintage data from 2005 WDI. OWID and Barro-Lee (1993) were used as additional sources for 
historical data.  

Public health spending 

Public health spending is defined as government expenditures on both individual health services and 
collective services, which cover policy, regulation, and research (IMF 2014). The public health spending 
series combines data from the following sources: Gethin (2024), GFS, OWID, vintage WDI, and the World 
Health Organization (WHO). Gethin (2024)8 was taken as the benchmark series for most countries but 
replaced with WHO or GFS for select countries. OWID and vintage data from 2005 WDI were used as 
additional sources for historical data.  

Public R&D spending 

Public spending on R&D is defined as the gross domestic expenditure on R&D (GERD) financed by the 
government. Two data sources were used: the Organization for Economic Co-operation and Development 
(OECD) and UNESCO, with the OECD data taking priority for the OECD countries, given better time 
coverage and availability of GDP share data. 

 

 
6 The breaks were identified based on the metadata provided by UNESCO and were adjusted by assuming no year-to-year change. 
7 As Gethin uses general government education expenditure from Eurostat, OECD, CEPAL, IMF, and UNESCO, it was already in 
line with many other sources of priority. See Gethin (2024) for the methodology. 
8 Gethin uses general government health expenditure from Eurostat, the OECD, CEPAL, the IMF, the WHO, and SPEED, by 
order of priority, adding historical series from Murray, Govindaraj, and Musgrove (1994). See Gethin (2024). 
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Online Annex Table 1.1.1 Public Spending Variables 
 

 

 
Source: IMF staff calculations. 
Note: Missing values in the original series were linearly interpolated.  
1 Adjusted for breaks in coverage (i.e., from central to general government). 
2 Calculated using the nominal series of each indicator and GDP in the respective database. 
3 Five-year average figures were carried across the respective period (e.g., 1960-64 average filled in for all five years). 
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Outcome Variables for Public Spending Efficiency Estimates 
The database captures output or outcome indicators in the areas of interest to evaluate the efficiency of 
different public spending categories. Where applicable, missing values between any two observed data 
points for a given country-year series were linearly interpolated. Outcome variables were selected based on 
previous studies, as well as overall data availability and quality (see Online Annex 1.1.2).  

For public investment, most of the data are taken from the WDI, except the total road length used to 
calculate road density which comes from the International Road Federation (IRF)’s World Road Statistics 
(WRS). Measures of physical output were complemented by the Global Competitiveness Index (GCI) 
capturing the quality of overall infrastructure from the World Economic Forum (WEF), downloaded from 
WDI. For public education spending, the database considers available sources such as Barro-Lee (1993), 
OECD, UNESCO, WDI, and the World Bank’s Education Statistics (EdStats), combining them where 
possible. For public health spending, it includes measures of healthcare capacity (e.g., the number of 
physicians per capita) and health outcomes (e.g., life expectancy, infant mortality rates) from WDI and 
WHO. For public R&D spending, the database captures measures of productivity in research activities 
using data from Scimago, WDI, and the World Intellectual Property Organization (WIPO). 

The list of outcome variables considered for the estimation of public efficiency gaps—with descriptions, 
sources, coverage, and time periods—is provided in Online Annex Table 1.1.2.  

 



Fiscal Monitor – Online Annexes 

 

International Monetary Fund | October 2025          5 

Online Annex Table 1.1.2 Outcome Variables for Public Spending Efficiency 
Estimates9 
 

 
Source: IMF staff calculations. 
Note: For indicators that combined data from different sources original sources are listed in the order of priority. 
1 Barro-Lee (1993) data was used for a limited sample, as efficiency gaps were calculated for the period 1980-2024. 
 

 
9 These indicators may not be direct measures of productivity or may reflect contributions from the private sector or external actors 
(e.g., donors). Nevertheless, they capture the overall performance and thus serve as a valid benchmark for assessment. 
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Determinants of Public Spending and Control Variables for Growth Regressions 
The list of other variables captured in the database and their descriptions, sources, coverage, and time 
periods are summarized in Online Annex Table 1.1.3. Where appropriate, variables were transformed using 
time differences or into logarithmic forms. 

Online Annex Table 1.1.3 Drivers of Public Spending and Control Variables 
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Source: IMF staff calculations.  
Note: PWT=Penn World Table; TFP=Total Factor Productivity; DPI=Database of Political Institutions; PIMA=Public Investment 
Management Assessment; WGI=Worldwide Governance Indicators; QoG=Quality of Government; FD=Fiscal Decentralization; 
FRFC=Fiscal Rules and Fiscal Council. 
1 Vintage forecast data was collected from previous versions of WEO which cover different numbers of countries and years 
(with smaller samples for older forecasts). The table reflects the overall coverage information. 
2 The Gini index is a statistical measure of distribution that represents the income inequality within a population. It is derived 
from the Lorenz curve, using the area between the curve and a hypothetical line of absolute equality (45-degree line). 
3 With zero representing the global means and one unit increase representing one standard deviation decrease in the 
perception of corruption. 
 
Descriptive Statistics 
The main advantage of this dataset, particularly for public spending, is that it covers a large set of countries 
and years by integrating various sources, as described in the previous sections. While the availability and 
quality of data may differ across indicators and years (see Online Annex Figure.1.1.1), long times series are 
better suited for empirical analyses that aim to capture the long-term macroeconomic implications of public 
spending developments.
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Online Annex Figure 1.1.1 Spliced Public Spending Variables  
1. Investment 
(Percent of GDP) 

2. Education  
(Percent of GDP) 

  
3. Health  
(Percent of GDP) 

4. R&D  
(Percent of GDP) 

  
Source: IMF staff calculations.  
Note: See Annex Table 1.1 for more information. Using simple unweighted averages. 
 
Another advantage is that it covers multiple outputs (or outcome) variables across key areas of public 
spending which helps capture gaps in efficiencies. Online Annex Figures 1.1.2 and 1.1.3 show that the 
patterns in efficiency gaps revealed in the chapter are reflected in underlying input and output variables. 

Online Annex Figure 1.1.2 Input Variables for Efficiency Estimates 
1. Per-capita public investment  
(2021 PPP dollars) 

2. Per-capita public education spending  
(2021 PPP dollars) 

  
3. Per-capita public health spending 
(2021 PPP dollars) 

 

4. Per-capita public R&D spending  
(2021 PPP dollars) 

 
Source: IMF staff calculations. 
Note: See Annex Table 1.1 for more information. Using country averages over 1980-2024. The horizontal line inside the box 
shows the median, the box shows the interquartile range, and the whiskers show the smallest and largest data points within 1.5 
times the interquartile range from the quartiles (i.e., minimum and maximum values that are not considered outliers). 
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Online Annex Figure 1.1.3 Select Output Variables for Efficiency Estimates 
1. Public investment: Road density 
(km per square km) 

 

2. Public education: Primary enrollment (net) 
(Percent of relevant age groups) 

 

3. Public health: Hospital beds  
(Per 1,000 people) 

 

4. Public R&D : Journal articles 
(Per million people)  

 
Source: IMF staff calculations. 
Note: See Annex Table 1.2 for more information. Using country averages over 1980-2024. The horizontal line inside the box 
shows the median, the box shows the interquartile range, and the whiskers show the smallest and largest data points within 1.5 
times the interquartile range from the quartiles (i.e., minimum and maximum values that are not considered outliers). 

 

The database also captures various drivers of public spending developments. The correlation matrix of 
selected drivers is reported in Online Annex Table 1.1.3 and suggests that many are correlated with each 
other. This motivates the robustness checks that use variation between and across countries, control for 
GDP per capita, and control for other combinations of variables in the Bayesian Model Averaging (Online 
Annex 1.4). 

Online Annex Table 1.1.3 Correlation Matrix for Selected Drivers of Public Spending 
Development 

 
Source: IMF staff calculations. 
Note: See Annex Table 1.3 for more information. *** p<0.01, ** p<0.05, * p<0.1. 

 

Online Annex Figure 1.1.4 shows public investment, education, and compensation spending in selected 
countries that underwent significant reforms, as discussed in the main text. 

 

Variables (1) (2) (3) (4) (5) 
(1) Expenditure decentralization 1.000     
(2) Control of corruption 0.440*** 1.000    
(3) Gross government debt 0.202*** 0.036** 1.000   
(4) Effectiveness of public investment 
management (implementation) -0.018 0.503*** 0.008 1.000  

(5) Rule of law 0.199*** 0.777*** 0.118*** 0.325*** 1.000 
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Online Annex Figure 1.1.4 Select Countries for Public 
Spending 
1. Public investment 
(Share of total expenditure) 

 

2. Public education spending 
(Share of total expenditure) 

 
Source: IMF World Economic Outlook Database; IMF Government Finance Statistics; 
IMF FAD Government Compensation and Employment Dataset; IMF staff 
calculations. 
Note: Periods of reforms are highlighted in gray: 2019–24 for Serbia and 2002–2008 
for Brazil. 
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Online Annex 1.2. Public Spending Efficiency Gap Estimates1 
This Online Annex details the estimation of public spending efficiency gaps presented in the main text. It first outlines key 
conceptual considerations, followed by a description of the estimation approach. The Online Annex then briefly illustrates the 
underlying data and presents selected results on time-varying efficiency gaps across government investment, healthcare, education, 
and R&D spending for 174 countries over 1980–2023. 

Conceptual Considerations 
Public spending efficiency, or technical efficiency, is defined as how close governments come to achieving 
the maximum possible outputs (or outcomes) given a fixed level of inputs (public expenditure). Efficiency 
estimates measure the gap between observed outcomes and those achievable under best-practice 
management, technology, and institutional arrangements. 

The measurement of efficiency gaps across a large sample of countries poses several significant challenges: 

• First, a critical challenge is separating controllable inefficiency from external factors beyond 
government control. Countries may exhibit certain outcomes due to external shocks or 
circumstances beyond managerial control. 

• Second, the determination of public services is complex due to its inherent multifaceted nature. 
Infrastructure spending, for instance, simultaneously produces transportation capacity, electricity 
access, telecommunications connectivity, and water services. These multiple outputs complicate 
simple aggregation. 

• Third, many public services are inherently hard to measure consistently across countries. For 
instance, the efficient provision of reliable electricity access typically involves establishing a high-
quality grid. While this could, in principle, be measured by total installed electricity generation 
capacity (in gigawatts per capita), such data are not available for a sufficiently large and comparable 
set of countries. 

• Fourth, efficiency estimates for a large sample of countries ought to reflect the fact that countries 
are markedly different, most notably in terms of their development stage, geographical 
characteristics, and the extent of private spending. Therefore, applying the same production 
function could attribute many country differences to inefficiency estimates. 

The framework presented in the chapter addresses these challenges as follows: 

• To distinguish persistent inefficiency from random shocks or transitory factors beyond the 
government’s control, the analysis relies on stochastic frontier methods. These methods allow for 
observed deviations from potential performance to be decomposed into inefficiency and noise 
components. 2 Moreover, uncertainty regarding the specification of the production function is 
addressed using model-averaging techniques.3 

 
1 Prepared by Krzysztof Bańkowski, Chloe Hyungsun Cho, and Galen Sher. 
2 Afonso et al. (2023) provide a comprehensive overview of frontier methods for assessing efficiency, which are broadly classified 
into two main groups. Non-parametric approaches, such as Data Envelopment Analysis and Free Disposal Hull, do not impose a 
specific functional form and instead construct the frontier from observed data using mathematical programming. In contrast, 
parametric approaches, like Stochastic Frontier Analysis and Corrected Ordinary Least Squares (COLS), presuppose a particular 
functional form for the frontier and estimate its parameters using econometric techniques. 
3 A primary limitation of the SFA methodology is its requirement to assume a specific functional form for the production frontier, 
which introduces a risk of model misspecification. The analysis in the October 2025 Fiscal Monitor mitigates this issue by adopting 
a flexible translog distance function and estimating a comprehensive set of specifications corresponding to all non-empty subsets of 
the considered variables. 
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• To reflect the multifaceted nature of public service delivery, the analysis uses multi-output distance 
functions that preserve the diversity of government outputs—such as transportation, electricity, 
and water—instead of collapsing them into a single composite indicator. This allows for a more 
accurate representation of complex input–output relationships. 

• In the absence of harmonized data for some service dimensions, pragmatic proxies are employed. 
For example, electricity consumption per capita serves as a powerful substitute for unavailable 
indicators such as total installed generation capacity, effectively capturing the quality and depth of 
electricity access. 

• Country-specific characteristics, like differences in income per person or private spending, are 
accounted for by fixed effects (Greene 2005) which accommodate both structural differences and 
time-invariant inefficiencies, while crucially allowing for time-varying inefficiency estimates. This 
approach ensures that the production function is effectively tailored to each country while 
maintaining a unified analytical framework. Global time-varying factors, such as technological 
progress, are captured through time fixed effects. 

The efficiency of government spending has been an important theme in literature (Afonso et al. 2023). 
Notable studies with global coverage include Herrera et al. (2025) and Apeti et al. (2023) which span 
multiple sectors, as well as sector-specific analyses such as Kapsoli and Mogues (2023) for infrastructure 
and Garcia-Escribano et al. (2022) for healthcare. Studies consistently find substantial efficiency gaps, 
suggesting considerable scope for improving the efficiency of public expenditures in many countries. The 
chapter contributes to this literature in three important ways. First, it provides time-varying estimates. 
Second, it adopts multi-output distance functions, which enable us to capture the multi-dimensional nature 
of public services while avoiding arbitrary aggregation into a single composite measure. Third, the analysis 
addresses model uncertainty by employing model-averaging techniques. 

Econometric Framework 
Stochastic Frontier Analysis 

The efficiency gap estimation is grounded in the Stochastic Frontier Analysis (SFA) framework originally 
developed by Aigner, Lovell, and Schmidt (1977), subsequently extended to accommodate multiple outputs 
through distance function approaches. The fundamental stochastic production relationship is specified as: 

𝑦𝑦𝑖𝑖𝑖𝑖 = 𝑓𝑓(𝑥𝑥𝑖𝑖𝑖𝑖;𝛽𝛽) ⋅ exp(𝑣𝑣𝑖𝑖𝑖𝑖 − 𝑢𝑢𝑖𝑖𝑖𝑖)                                       (Eq.2.1) 

where uit ≥ 0 denotes technical inefficiency, and vit ∼ N(0,σv2) captures random statistical noise for 
country 𝑖𝑖 at time 𝑡𝑡.4 

Estimable equation  

Building on the above theoretical foundation, several steps are required to derive the estimable equation 
used in the regressions. 

• First, the distance of observed output from the frontier, 𝑦𝑦𝑖𝑖𝑖𝑖
𝑓𝑓(𝑥𝑥𝑖𝑖𝑖𝑖;β) , can be expressed using the 

distance function 𝐷𝐷0(𝑥𝑥𝑖𝑖𝑖𝑖 ,𝑦𝑦𝑖𝑖𝑖𝑖;β), leading to the following relationship: 1 = 𝐷𝐷0(𝑥𝑥𝑖𝑖𝑖𝑖 ,𝑦𝑦𝑖𝑖𝑖𝑖;β) ⋅
exp{𝑢𝑢𝑖𝑖𝑖𝑖 − 𝑣𝑣𝑖𝑖𝑖𝑖}. 

 
4 The composite error structure εit = vit − uit allows decomposition of deviations from the frontier into controllable inefficiency 
and uncontrollable external factors. The split of the error constitutes the major advantage of the SFA method. 
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• Second, noting that the distance function is homogeneous of degree +1 in outputs allows 

normalization by the Euclidean norm |𝑦𝑦𝑖𝑖𝑖𝑖|, yielding: |𝑦𝑦𝑖𝑖𝑖𝑖|−1 = 𝐷𝐷0 �𝑥𝑥𝑖𝑖𝑖𝑖 , 𝑦𝑦𝑖𝑖𝑖𝑖|𝑦𝑦𝑖𝑖𝑖𝑖| ; β� ⋅ exp{𝑢𝑢𝑖𝑖𝑖𝑖 − 𝑣𝑣𝑖𝑖𝑖𝑖}.5 

• Third, taking logarithms results in the estimable equation used in the regression, where ln�𝐷𝐷0(⋅)� 

is specified as a translog function: − ln(|𝑦𝑦𝑖𝑖𝑖𝑖|) = ln�𝐷𝐷0 �𝑥𝑥𝑖𝑖𝑖𝑖 , 𝑦𝑦𝑖𝑖𝑖𝑖|𝑦𝑦𝑖𝑖𝑖𝑖| ;𝛽𝛽�� + 𝑢𝑢𝑖𝑖𝑖𝑖 − 𝑣𝑣𝑖𝑖𝑖𝑖.6 

• Finally, supplementing the equation with country and time-fixed effects (𝜇𝜇𝑖𝑖 and 𝜙𝜙𝑡𝑡 respectively) 
brings the estimable equation below, with predicted 𝑢𝑢𝑖𝑖𝑖𝑖 being the main object of interest. For the 
estimation, the positive inefficiency term 𝑢𝑢𝑖𝑖𝑖𝑖 is assumed to follow an exponential distribution, 
which is computationally more stable than alternative choices. Country fixed effects account for 
unobserved, time-invariant heterogeneity across countries. Their treatment is discussed further 
below. Time fixed effects, in turn, control for global shocks and common temporal trends that 
systematically affect all countries. 

− ln(|𝑦𝑦𝑖𝑖𝑖𝑖|) = ln𝐷𝐷0 (𝑥𝑥𝑖𝑖𝑖𝑖 ,𝑦𝑦𝑖𝑖𝑖𝑖/|𝑦𝑦𝑖𝑖𝑖𝑖|;𝛽𝛽) + 𝜇𝜇𝑖𝑖 + 𝜙𝜙𝑡𝑡 + 𝑢𝑢𝑖𝑖𝑖𝑖 − 𝑣𝑣𝑖𝑖𝑖𝑖                          (Eq.2.2) 

Model averaging 

The inefficiency estimates 𝑢𝑢𝑖𝑖𝑖𝑖 are based on multiple models specified through the flexible formulation of 
the translog distance function for all possible non-empty sets of variables to ensure robustness. The model 
results are retained only if they satisfy convergence criteria and identify significant inefficiency (likelihood 
ratio test p-value < 0.05 for 𝐻𝐻0:σ𝑢𝑢2 = 0).7 

Final efficiency estimates employ a robust averaging procedure to minimize sensitivity to model 
specification: 

• Individual Model Estimation: Each valid model j produces inefficiency estimates 𝑢𝑢𝑖𝑖𝑖𝑖
(𝑗𝑗) 

• First-Differencing: Compute: Δ𝑢𝑢𝑖𝑖𝑖𝑖
(𝑗𝑗) = 𝑢𝑢𝑖𝑖𝑖𝑖

(𝑗𝑗) − 𝑢𝑢𝑖𝑖,𝑡𝑡−1
(𝑗𝑗)  to remove level effects 

• Cross-Model Median: Aggregate estimate is Δ𝑢𝑢𝑖𝑖𝑖𝑖 = median𝑗𝑗 �Δ𝑢𝑢𝑖𝑖𝑖𝑖
(𝑗𝑗)� 

• Level Reconstruction: 𝑢𝑢𝑖𝑖𝑖𝑖 = 𝑢𝑢𝑖𝑖,𝑡𝑡−1 + Δ𝑢𝑢𝑖𝑖𝑖𝑖 16F

8 

This procedure reduces sensitivity to extreme model specifications while preserving temporal variation. The 
use of first differences ensures that the model aggregate is robust to compositional changes in the dataset, 
such as the introduction or discontinuation of an outcome variable. 

Model averaging is performed not only across different combinations of outcome variables 𝑗𝑗 but also 
across two distinct treatments of country-fixed effects (𝜇𝜇𝑖𝑖). These fixed effects may reflect both persistent 

 

5 The Euclidean norm for 𝑀𝑀 outputs is calculated as follows: |𝑦𝑦𝑖𝑖𝑖𝑖| = �∑ 𝑦𝑦𝑚𝑚𝑚𝑚𝑚𝑚2𝑀𝑀
𝑚𝑚=1 �1/2

. 

6 For a production technology with one input and 𝑀𝑀 outputs, the translog functional form is written as: ln�𝐷𝐷𝑂𝑂(𝑥𝑥,𝑦𝑦)� = α0 +
∑ α𝑖𝑖𝑀𝑀
𝑖𝑖=1 ln𝑦𝑦𝑖𝑖 + β1 ln 𝑥𝑥 + 1

2
∑ ∑ α𝑖𝑖𝑖𝑖𝑀𝑀

𝑗𝑗=1 ln 𝑦𝑦𝑖𝑖 ln 𝑦𝑦𝑗𝑗𝑀𝑀
𝑖𝑖=1 + 1

2
δ11[ln 𝑥𝑥]2 + ∑ γ𝑖𝑖1𝑀𝑀

𝑖𝑖=1 ln𝑦𝑦𝑖𝑖 ln 𝑥𝑥. 

7 The number of estimated models depends on the number of potential output variables (M) considered for each category, 
following the formula 2M − 1. Given the variable set, the estimates are based on 511 (M=9) models for public investment 
spending, 31 (M=5) models for healthcare spending, 31 (M=5) models for education spending, and 15 (M=4) models for R&D 
spending. The overwhelming majority of the models identify statistically significant inefficiency. 
8 To reconstruct the level series, the 2007–2017 period—characterized by the highest data quality and coverage—is used. The 
median level over this period is assigned as the anchor value for 2012, the midpoint of the interval. The series is then chain-linked 
backward and forward using the corresponding median year-on-year changes. 
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inefficiency—such as those stemming from institutional quality—and structural factors unrelated to 
efficiency, such as geography or private sector spending. To address this conceptual ambiguity, inefficiency 
is computed under two methods and then subsequently averaged. The first method yields the estimate 𝑢𝑢𝑖𝑖𝑖𝑖, 
which effectively treats the country-fixed effect as part of the production function. The second method 
treats the fixed effect as a component of inefficiency, yielding the following estimate: 

𝑤𝑤𝑖𝑖𝑖𝑖
(𝑗𝑗) = 𝜇𝜇𝑖𝑖

(𝑗𝑗)∗ + 𝑢𝑢𝑖𝑖𝑖𝑖
(𝑗𝑗),                                                      (Eq.2.3) 

In this equation, 𝜇𝜇𝑖𝑖
(𝑗𝑗)∗ = 𝜇𝜇𝑖𝑖

(𝑗𝑗) − min
i
𝜇𝜇𝑖𝑖

(𝑗𝑗) represents the non-negative inefficiency component derived from 

the country-fixed effect. These model-specific estimates, 𝑤𝑤𝑖𝑖𝑖𝑖
(𝑗𝑗) , are then aggregated across models to 

produce the final inefficiency series, 𝑤𝑤𝑖𝑖𝑖𝑖 , using the same procedure of first-differencing, cross-model 
median derivation, and level reconstruction as was used for 𝑢𝑢𝑖𝑖𝑖𝑖. 

Efficiency gap definition 

The inefficiency terms are used to calculate the efficiency gap, which measures the proportional shortfall 
from full efficiency. Two sets of estimates are obtained based on the alternative treatments of country-fixed 
effects: 

Efficiency Gap𝑖𝑖𝑖𝑖𝑢𝑢 = 1 − exp(−𝑢𝑢𝑖𝑖𝑖𝑖)                                        (Eq.2.4) 

Efficiency Gap𝑖𝑖𝑖𝑖𝑤𝑤 = 1 − exp(−𝑤𝑤𝑖𝑖𝑖𝑖)                                        (Eq.2.5) 

The final estimate then aggregates these two by taking their simple arithmetic average: 

𝐸𝐸fficiency Gap𝑖𝑖𝑖𝑖 = (Efficiency Gap𝑖𝑖𝑖𝑖𝑢𝑢 + Efficiency Gap𝑖𝑖𝑖𝑖𝑤𝑤)/2                 (Eq.2.6) 

This metric ranges from 0 (fully efficient) to 1 (completely inefficient) and represents the percentage by 
which outputs could be increased with current inputs under best-practice technology, while explicitly 
accounting for random shocks and measurement errors. 

The treatment of fixed effects has a substantial impact on gap estimates. On average, the efficiency gaps are 
approximately 51 percentage points higher when country-fixed effects are included in the inefficiency term 
compared to when they are excluded. Consequently, alternative weighting schemes could generate larger (or 
smaller) efficiency gaps by placing more (or less) weight on the models that include the country-fixed effect 
in the inefficiency term. In the extreme case, with 100% weight on the latter model, the inefficiency gaps 
would be 26 percentage points larger than reported in this chapter. 

Underlying Data 
The input variables used to measure efficiency gaps are functional public expenditures across four key 
sectors: public investment, health, education and R&D spending. The data are drawn from the database 
constructed for October 2025 Fiscal Monitor (see Online Annex 1.1 for details). To prepare the variables 
for regression analysis, some transformations were applied. First, to account for the persistent relationship 
between spending and outcomes, all public spending series are smoothed using a five-year moving average.9 

 
9 For public investment, related studies—such as Kapsoli and Mogues (2023) and Baum et al. (2020)—typically use the capital stock 
as the input measure rather than public investment expenditure. In practice, the two measures are closely related, as the capital 
stock is derived from accumulated spending adjusted for depreciation. Unsurprisingly, the efficiency estimates do not change 
significantly when capital stock is used instead. 
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Second, to ensure cross-country comparability, the variables are expressed on a per capita basis and 
converted to constant 2021 U.S. dollars using purchasing power parity (PPP) adjustors. 

Online Annex Figure 1.2.2 Variation of Selected Variables Within Country Groups 
1. Fixed telephone subscriptions 

 

2. Access to electricity 

 
Source: IMF staff calculations. 
Note: See Online Annex Tables 1.1.1 and 1.1.2 for details on the variables shown, including data sources. The scatter plot 
values represent country-level averages over time. 

The output variables aim to measure the quantity and quality of public services. These indicators are also 
drawn from the same database. The selection of output variables was guided by previous studies and 
constrained by data availability and quality. Some indicators, such as electricity consumption per capita, are 
included as proxies for government performance, even though they may not directly measure public 

Online Annex Figure 1.2.1 Selected Input and Output Variables for Health Spending 
Efficiency 

 

 
Source: IMF staff calculations. 
Note: See Online Annex Tables 1.1.1 and 1.1.2 for details on the variables shown, including data sources. Lines indicate 
income group means. Dark-shaded areas show interquartile ranges (25th–75th percentiles). 
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services and partly reflect private sector contributions. The dataset includes both volume indicators (e.g., 
consumption levels) and quality measures (e.g., survey data on infrastructure, healthcare and education 
quality). 

This variable selection strategy aims to maximize cross-country variation while acknowledging the 
limitations of specific indicators. For instance, while fixed line telephone access varies little among low-
income countries, it is a key differentiator for advanced economies (see Online Annex Figure 1.2.1, panel 
1). Conversely, access to electricity shows significant variation in low-income countries but not in advanced 
economies (see Online Annex Figure 1.2.1, panel 2). Including both variables ensures sufficient variation 
within different country groups. A comprehensive list of outcome variables, with definitions and sources, is 
provided in Online Annex Table 1.2.1 Using health spending as an example, Online Annex Figure 1.2.2 
highlights the temporal evolution of key variables and reveals substantial disparities among different income 
groups. 

Spending Efficiency Gap Estimates 
Regional estimates 

Beyond presenting efficiency gaps by country groups in the main text, geographic aggregation reveals 
distinct regional patterns, too (see Online Annex Figure 1.2.3). Europe and the Americas demonstrate the 
lowest efficiency gaps on average, with consistently better performance compared to other regions. African 
countries have the largest inefficiencies, consistent with income-based findings. The data also reveal 
significant differences within, especially for the Asia-Pacific and the Middle East, North Africa, Afghanistan, and 
Pakistan (MENAP) regions.10 

Online Annex Figure 1.2.3 Spending Efficiency Gaps Across Regions 

 
Source: IMF staff estimates. 
Note: Efficiency gaps range from 0 (fully efficient) to 1 (fully inefficient). Box plots show regional medians and interquartile 
ranges (25th–75th percentiles), averaged over time. Whiskers represent the minimum and maximum values. 

 
The estimates also suggest significant regional differences in the evolution of efficiency (see Online Annex 
Figure 1.2.4). Inefficiencies in Asia and Pacific and MENAP countries significantly reduced since the 1980s, 
especially in the case of physical investment and health spending, reflecting rapid institutional development 
and capacity building in these regions. Also, the MENAP region recorded a notable improvement in the 
education sector. On the other hand, improvements in African countries have not been significant, pointing 
to persistent structural challenges Europe and the Americas show relatively stable efficiency levels over time, 
with usually better performance compared to other regions. Online Annex Figure 1.2.5 shows public 

 
10 Favorable government spending efficiency gaps within the MENAP region are largely attributable to countries from the 
Caucasus and Central Asia. This efficiency stems from their ability to deliver relatively positive outcomes despite comparatively low 
levels of public spending. 
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investment and education spending efficiency gaps for select countries, as described in the case studies 
section of the main text. 

Online Annex Figure 1.2.4 Evolution of Efficiency Gaps Across Regions 
    

    
Source: IMF staff estimates. 
Note: Efficiency gaps range from 0 (fully efficient) to 1 (fully inefficient). Lines indicate regional group means. Shaded bands 
show interquartile ranges (25th–75th percentiles). 
 
Online Annex Figure 1.2.5 Select Countries for Efficiency Gaps 
1. Public investment efficiency gap of Togo 
(Between 0 and 1) 
 

 
3. Public education spending efficiency gap of 
Bahrain 
(Between 0 and 1) 

 

2. Public education spending efficiency gap of 
Rwanda 
(Between 0 and 1) 

 
 

Source: IMF staff estimates. 
Note: The charts show select countries for spending efficiency gaps, with periods of notable decreases after reforms 
highlighted in gray: 2015–2023 for Togo, 2007–2011 and 2013–2016 for Rwanda, and 1980-2000 for Bahrain. 
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Benchmarking  

Online Annex Figure 1.2.5 compares the efficiency gap estimates in this chapter with those reported by 
Herrera et al. (2025), Kapsoli and Mogues (2023), and Garcia-Escribano et al. (2022). For public 
investment, the estimates in this chapter are similar to those in the literature. Using a similar country sample 
and time period as in Herrera et al. (2025), the global average public investment efficiency gap is 0.36 in this 
study and 0.45 in Herrera et al. (2025). Using a similar country/time sample to Kapsoli and Mogues (2023), 
the gap is 0.41 in this study and 0.38 in Kapsoli and Mogues (2023). By contrast, the efficiency gaps 
estimated in this chapter are larger for health and education spending. The comparable health spending gap 
is 0.27 in this study, compared with 0.13 in Herrera et al. (2025) and 0.07 in Garcia-Escribano et al. (2022). 
For education spending, the gap is 0.31, compared with 0.22 in Herrera et al. (2025). 

The different magnitudes of the efficiency gaps found in this chapter are likely attributable to its 
methodological innovations. The analytical approach incorporates time-varying estimates, uses fixed effects 
to control for structural country differences and global technological progress, systematically addresses 
model uncertainty, and assesses outcomes using a multi-dimensional framework rather than a single 
arbitrary index. Given these advances, a close alignment with the findings from existing global studies is 
neither expected nor warranted. Despite differences in magnitude, the results display a strong positive 
correlation with previous findings, as shown in Online Annex Figure 1.2.6. 

Online Annex Figure 1.2.6 Comparison of Efficiency Gap Estimates Against Selected 
Studies 

 

   

  

 

Source: Garcia-Escribano et al. (2022); Herrera et al. (2025); Kapsoli and Mogues (2023), and IMF staff calculations. 
Note: The efficiency gap data from Herrera et al. (2025) were derived by averaging all available output-oriented efficiency 
scores for the respective sectors. The vertical axes, and “IMF average,” show estimates from this chapter of the Fiscal Monitor. 
The sample of countries and years of each panel matches those used in the respective paper from the literature specified on 
the horizontal axis. 
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Online Annex 1.3. Public Spending Rigidity Estimates1 
This Online Annex describes the methodology for estimating public spending rigidity—the inflexibility of changing spending 
over time. The rigidity estimates form a novel database covering 151 countries from 2000.  

Input Data 
The analysis estimates rigidity for various public spending categories: total public expenditure, public 
investment, and the functional public spending categories (“COFOG”). Total public expenditure is from 
the IMF’s Public Finances in Modern History (PFMH) database which includes debt service costs, while 
public investment is sourced from the IMF’s World Economic Outlook database (public gross fixed capital 
formation, code NFIG). Additionally, functional classifications from IMF’s Government Finance Statistics 
(GFS) COFOG categorize expenses related to defense, education, health, social protection, and R&D. In 
this dataset, defense and public order spending is the sum of Expenditure on Defense (GF02) and 
Expenditure on Public Order & Safety (GF03), with pension spending accounted for through Expenditures 
on Old Age and Survivors (GF1002, GF1003). R&D components are extracted from Expenditures on 
Education(GF09), Health(GF07), and Social Protection(GF1009), hence, it does not include R&D 
spending of defense and public order (which is included in defense and public order). The dataset also 
includes public sector wage bills from the IMF’s Government Compensation and Employment Dataset 
(IMF 2016). The public wage bill is defined as general government compensation of employees. If general 
government data are not available, central government compensation data are used. Country coverage for 
each spending category is outlined in Online Annex Table 1.3.1. The analysis provides public spending 
rigidity estimates for 151 countries for total public expenditure, 155 countries for public investment 
spending, 188 countries for public compensation spending, and a lower number of countries—ranging 
from 50 to 62 for functional categories due to data limitations. 

Online Annex Table 1.3.1 Country Coverage 

 
Source: IMF staff compilation. 

 

Computational Methodology 
Public spending rigidity is computed as one-year lag autocorrelation, as presented in Piguillem and Riboni 
(2024). A value of 1 means the highest level of rigidity. The original methodology is extended by employing 
rolling-windows to create a panel dataset of country-level rigidity estimates which vary over time. A longer 
rolling window can help mitigate the effects of local shocks but requires higher data quality in specific 
spending areas. Given the relatively short time series available for emerging market and developing 

 
1 Prepared by Hongchi Li and Zsuzsa Munkacsi. 

Advanced Economies Emerging Markets Low-Income Developing 
Countries

Total Public Expenditure 33 77 41

Public Investment 33 79 44

Defense and Public Order 35 21 5

Public Education Spending 35 21 6

Public Health Spending 35 21 6

Social Protection 35 21 2

Public R&D Spending 31 16 6

Pension Spending 31 13 6

Compensation Spending 38 92 58
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economies, the analysis employs five-year rolling windows. For instance, the rigidity estimate for 2020 is 
derived from the correlation between spending series between 2015-2019 and 2016-2020.  

The estimates are positively correlated with measures obtained in the literature through other methods—
such as the sum of public compensation, pensions and interest payments (Herrera and Olaberria 2020). As 
shown in Online Annex Figure 1.3.1, advanced economies exhibit higher levels of rigid spending and 
rigidity of total public spending compared to emerging markets and low-income developing countries, 
suggesting that larger governments with nondiscretionary spending encounter more rigid budget constraints 
(Mattina and Gunnarsson 2007). 

Online Annex Figure 1.3.1 Rigidity Estimates of Public Spending 

 
Source: PFMH; GFS; WEO; and IMF staff calculations. 
Note: For each country, rigidity is calculated as the one-year autocorrelation of each spending category as a share of total 
expenditure, in rolling windows of five years. Rigid spending is the sum of public compensation, pensions, and interest 
payments following Herrera and Olaberria (2020). 

Descriptive Statistics 
Online Annex Tables 1.3.2 and 1.3.3 present key statistical measures of the dataset categorized by country 
groups. For each spending category, rigidity estimates are expressed as share of total spending and as share 
of GDP. It is shown that, on average, advanced economies exhibit greater rigidity in spending across most 
categories, particularly in education, health and social protection. Conversely, low-income developing 
countries show comparatively lower rigidities in most spending categories, although the differences are less 
sizeable in the cases of public investment and compensation. Furthermore, the time-varying estimates 
derived from a rolling window approach enable an analysis of how rigidity changes over time. As shown in 
Online Annex Figure 1.3.2, advanced economies are experiencing increasingly rigid spending across all 
spending categories. At the same time, in emerging markets spending rigidity has declined in many areas 
such as defense and public order, education, and health.
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Online Annex Table 1.3.2 Summary Statistics by Country Groups 
(Percent of expenditure) 

 
Source: IMF staff calculations. 

 

Advanced Economies Emerging Markets  (excl. 
China)

Low-Income Developing 
Countries

Mean 0.26 0.29 0.24

Std. Dev 0.49 0.49 0.48

25th pct -0.09 -0.04 -0.10

Median 0.31 0.35 0.26

75th 0.67 0.72 0.64

Mean 0.24 0.31 0.12

Std. Dev 0.48 0.43 0.47

25th pct -0.12 -0.02 -0.18

Median 0.26 0.40 0.10

75th 0.67 0.68 0.43

Mean 0.28 0.13 0.16

Std. Dev 0.48 0.45 0.53

25th pct -0.07 -0.22 -0.34

Median 0.35 0.10 0.23

75th 0.69 0.52 0.66

Mean 0.37 0.23 -0.16

Std. Dev 0.50 0.49 0.46

25th pct -0.02 -0.11 -0.62

Median 0.49 0.28 -0.11

75th 0.81 0.63 0.21

Mean 0.32 0.29 -0.23

Std. Dev 0.49 0.48 0.35

25th pct -0.06 -0.05 -0.56

Median 0.43 0.33 -0.29

75th 0.72 0.72 0.16

Mean 0.29 0.22 0.13

Std. Dev 0.48 0.47 0.51

25th pct -0.09 -0.20 -0.26

Median 0.34 0.29 0.17

75th 0.70 0.62 0.58

Mean 0.30 0.28 0.28

Std. Dev 0.49 0.48 0.47

25th pct -0.11 -0.04 -0.04

Median 0.38 0.34 0.33

75th 0.74 0.68 0.67

Mean 0.32 0.33 0.35

Std. Dev 0.48 0.44 0.34

25th pct -0.06 0.04 0.16

Median 0.33 0.44 0.30

75th 0.77 0.67 0.56

Pension Spending 

Compensation Spending

Public Investment 

Defense and Public Order 

Public Education Spending 

Public Health Spending 

Social Protection 

Public R and D Spending
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Online Annex Table 1.3.3 Summary Statistics by Country Groups 
(Percent of GDP) 

 
Source: IMF staff calculations. 

  

Advanced Economies Emerging Markets (excl. 
China)

Low-Income Developing 
Countries

Mean 0.36 0.25 0.29

Std. Dev 0.45 0.46 0.46

25th pct 0.05 -0.08 -0.05

Median 0.41 0.28 0.32

75th 0.75 0.64 0.68

Mean 0.29 0.30 0.26

Std. Dev 0.46 0.47 0.47

25th pct -0.06 -0.04 -0.10

Median 0.33 0.33 0.30

75th 0.69 0.71 0.66

Mean 0.33 0.31 0.14

Std. Dev 0.47 0.42 0.46

25th pct 0.01 0.02 -0.10

Median 0.40 0.32 0.20

75th 0.75 0.65 0.42

Mean 0.37 0.13 0.35

Std. Dev 0.44 0.45 0.38

25th pct 0.07 -0.26 0.07

Median 0.44 0.13 0.41

75th 0.73 0.50 0.65

Mean 0.43 0.21 0.08

Std. Dev 0.43 0.49 0.50

25th pct 0.14 -0.14 -0.20

Median 0.53 0.27 0.03

75th 0.78 0.56 0.45

Mean 0.41 0.24 0.23

Std. Dev 0.44 0.45 0.52

25th pct 0.09 -0.12 -0.26

Median 0.50 0.27 0.40

75th 0.79 0.60 0.63

Mean 0.32 0.17 0.37

Std. Dev 0.47 0.52 0.50

25th pct -0.04 -0.23 0.43

Median 0.41 0.22 0.53

75th 0.72 0.67 0.67

Mean 0.45 0.40 0.21

Std. Dev 0.44 0.46 0.64

25th pct 0.11 0.13 -0.30

Median 0.57 0.50 0.40

75th 0.84 0.80 0.63

Mean 0.40 0.33 0.38

Std. Dev 0.45 0.45 0.49

25th pct 0.08 0.00 0.05

Median 0.48 0.39 0.49

75th 0.81 0.72 0.79

Public R and D Spending 

Pension Spending 

Compensation spending 

Total Public Expenditure

Public Investment 

Defense and Public Order 

Public Education Spending 

Public Health Spending 

Social Protection 
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Online Annex Figure 1.3.2 Rigidity Estimates Over Time 
(Between 0 and 1) 
1. Advanced economies                               2. Emerging market economies 

  
Source: GFS; WEO; and IMF staff calculations. 
Note: The figures show the average of country-level rigidity of each spending category during 2000-10 and 2011-22. Rigidity is 
calculated as the one-year autocorrelation of each spending category as a share of total expenditure, in rolling windows of five 
years.1 (0) denotes maximum (minimum) rigidity. 
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Online Annex 1.4. Methodology for Identifying Determinants of Public 
Spending Developments1 
This Online Annex details the methodology used to analyze the drivers of public spending efficiency, composition and rigidity. 
It presents selected results that are not shown in the main text and tests the results for robustness. 

Data and Variable Construction 
The analysis focuses on four key pro-growth public expenditure categories—investment, education, health, 
and R&D—examining both spending efficiency gaps and their shares as a percent of total public spending. 
Explanatory variables are grouped into three broad categories: cyclical factors (e.g., crises, elections), 
structural characteristics (e.g., demographics, political ideology), and institutional-policy drivers (e.g., 
decentralization, government quality, fiscal rules). Except for categorical or dummy variables, these 
variables are standardized—the sample-wide mean is subtracted, and the difference is divided by the 
standard deviation— to ensure interpretability of results. Regression coefficients thus measure the 
association of a one standard deviation increase in the driver with the change in the outcome variable. 

The analysis relies on a harmonized panel dataset constructed by merging a wide range of cross-country 
sources (see Online Annex 1.1). The merged dataset spans over 194 countries and covers the period 1960-
2024. Some variables are trimmed by removing outliers, and missing data are addressed by interpolating 
values for structural variables that are not updated annually, where appropriate. The final panel is 
unbalanced, reflecting the varying availability of data across countries and years, but retains a broad and 
representative sample.  

Empirical Methodology 
Statistically significant determinants are identified by applying four methodologies. First, univariate cross-
sectional relationships are explored using data average across time. Second, univariate country-year panel 
relationships are explored with and without fixed effects. Third, robustness is investigated by controlling 
GDP per person, and fourth, by using a full Bayesian Model Averaging (BMA) procedure. 

Cross-sectional relationships 

The baseline approach uses ordinary least squares (OLS) regressions of average efficiency gaps scores or 
spending shares on individual drivers. Country-level data are averaged over 2000–24. Model equation is 

i i iy xα β ε= + +  (A4.1) 

and standard errors are computed using the heteroskedasticity-consistent method proposed by MacKinnon 
and White 1985, which adjusts for non-constant variance in the error terms, improving reliability of 
hypothesis testing across all regressions. Thus, the coefficient β  measures the cross-sectional effect of each 
driver over the past 25 years.  

Panel relationships 

To account for unobserved heterogeneity, the same relationships are re-estimated using annual panel data 
with and without country and year fixed effects. For the no-FE model the functional form is 

 
1 Prepared by Danila Smirnov. 
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it it ity x uα β= + +  (A4.2) 

while the two-way FE model augments the right-hand side with C-1 country and T-1 year dummies. 
Inference uses Driscoll–Kraay standard errors that are robust to heteroskedasticity, serial correlation, and 
spatial dependence. For variables that are strictly country invariant (e.g., fixed rules) perfect collinearity with 
dummies is removed via QR decomposition so that all reported slopes come from a full rank design matrix. 

Controlling for GDP per person 

Additional robustness check isolates relationships between outcome and policy variables from income 
effects. This is done by residualizing both dependent and explanatory variables on log GDP per person, 

using the Frisch-Waugh-Lovell decomposition: first, regressing the outcome ity  on a constant and 

log(GDP per person) and save the residuals ˆ y
itε ; second, regressing the policy variable itx  on the same 

controls and save the residuals ˆ x
itε , and, third, estimating the bivariate model of 

ˆ ˆy x
it it ituε α βε= + +  (A4.3) 

A similar three-step procedure is applied to the cross-section, the plain panel, and the two-way fixed effects 
panel. Results therefore report slope coefficients β  that measure the association between the driver and the 
efficiency (or composition) outcome conditional on a constant level of GDP per person. 

Bayesian Model Averaging 

To test robustness to multiple controls, Bayesian Model Averaging (BMA) is used.2 Three BMA exercises 
are performed for every dependent variable: plain panel without FEs; panel with country- and year-fixed 
effects forced into every model; and 2000-24 cross-section. Each chain draws 100,000 models after a 
burn-in of 10 sweeps with a uniform model prior and a dilution prior that sets the expected model size to 
one variable. Fixed effects are handled so that posterior probabilities apply only to substantive regressors. 
For every regressor posterior mean, posterior standard deviation, and posterior inclusion probability 
(PIP)—which equals the share of visited models in which the variable enters—are analyzed. Variables with 
posterior t-statistics above 1 in absolute value are interpreted as robust drivers (Steel 2020).  

Results  
Institutional Quality 

Figure 1.4 Panel 1 in the main text shows the negative association between control of corruption and 
efficiency gap of public investment. Online Annex Figure 1.4.1 shows that these relationships hold also for 
other categories of pro-growth spending—health, education, and R&D. Online Annex Table 1.4.1 shows 
that these relationships are robust to controlling for GDP per person for education and R&D and robust to 
controlling for country and year fixed effects for investment, education, and R&D. 

  

 
2 The BMA searches thousands of model combinations and calculates posterior inclusion probabilities and weighted-average 
coefficients and standard errors for each driver. 
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Online Annex Figure 1.4.1 Control of Corruption and Efficiency 

  

  
Source: Worldwide Governance Indicators database; and IMF staff calculations. 
Note: Country averages are used for plotting; regression lines reflect cross-section OLS estimates. 

 

Online Annex Table 1.4.1 Public‑Spending Efficiency—Significance of 
Key Institutional Drivers 

 
Source: IMF staff estimates. 
Note: Y = positive and significant at 10 percent or better; N = not significant. XS = simple cross‑section; 
FE = country + year fixed effects; GDP‑Ctrl = controlling for GDP per person. 

 

Similarly, the main text notes that rule of law is negatively associated with spending efficiency gaps. Online 
Annex Figure 1.4.2 demonstrates that this association holds for three categories of pro-growth spending—
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investment, education, and R&D. Online Annex Table 1.4.1 shows that this relationship is robust to 
controlling for GDP per person and country and year fixed effects in all three spending areas. 

As discussed in the main text, better public investment management practices, especially the effectiveness 
of resource allocation, are also related to more efficient spending. Online Annex Figure 1.4.3 illustrates that 
this relationship holds for public investment, education, and R&D spending efficiency. 

Fragile and conflict-affected states tend to exhibit significantly larger efficiency gaps in pro-growth 
spending. This is likely due to weaker institutional capacity, governance challenges, and limited absorptive 
capacity. Online Annex Figure 1.4.4 shows that fragile countries have lower efficiency in public investment, 
education, health, and R&D spending compared to non-fragile countries. Online Annex Table 1.4.1 
indicates that these results are robust to controlling for country and year fixed effects and GDP per person. 
These findings are also consistent with broader evidence that fragility amplifies the negative impact of 
external shocks and undermines development outcomes (Jaramillo et al. 2023). 

Online Annex Figure 1.4.2 Rule of Law and Efficiency 

  

  
Source: Quality of Government database; and IMF staff estimates. 
Note: Country averages are used for plotting; regression lines reflect cross-section OLS estimates. 
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Online Annex Figure 1.4.3 Public Investment Management and Efficiency 

 
 

  
Source: Public Investment Management Assessment scores; and IMF staff estimates. 
Note: Higher scores indicate stronger practices. Scores are normalized. Country averages are used for plotting; regression lines 
reflect cross-section OLS estimates. 
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Online Annex Figure 1.4.4 State Fragility and Efficiency 

 
 

  
Source: Worldwide Governance Indicators database; and IMF staff estimates. 
Note: Higher scores indicate higher fragility. Scores are normalized. Country averages are used for plotting; regression lines 
reflect cross-section OLS estimates. 

 

Fiscal Architecture 

The main text notes that decentralization of spending is associated with narrower efficiency gaps, especially 
for public education and R&D spending (see Online Annex Figure 1.4.5). Online Annex Table 1.4.1 shows 
that this relationship holds also for investment spending and is robust to controlling for country fixed 
effects.
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Online Annex Figure 1.4.5 Decentralization and Efficiency 

  
Source: IMF Fiscal Decentralization database; and IMF staff estimates. 
Note: Country averages are used for plotting; regression lines reflect cross-section OLS estimates. 

 

The main text also notes that lower public debt is associated with higher allocations towards pro-growth 
spending. Online Annex Figure 1.4.6 shows that these relationships hold for spending on investment and 
education. Online Annex Table 1.4.2 indicates that these results are robust to controlling for country and 
year fixed effects and GDP per person. 

Online Annex Figure 1.4.6 Public Debt and Composition 

  
Source: WEO database and IMF staff estimates. 
Note: General government gross debt is expressed as a percent of GDP and normalized. Composition refers to the share of 
spending allocated to pro-growth sectors. Country averages are used for plotting; regression lines reflect cross-section OLS 
estimates. 
Online Annex Table 1.4.2 Spending Composition—Effect of Lower Public Debt 

 
Note: Y = positive and significant at 10 percent or better; N = not significant. XS = simple cross‑section; FE = country + year fixed 
effects; GDP‑Ctrl = two‑stage residual approach that removes level‑of‑development effects. 
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Rig idity 

Online Annex Figure 1.4.7 demonstrates that countries with better public investment management practices 
and civil liberties, demonstrate lower spending rigidity, as better investment management systems free 
governments to reallocate money to where it adds most value, so budgets are less locked into past 
allocations. This link survives when controlled for GDP per capita. 

Online Annex Figure 1.4.7 Public Spending Rigidity  

    

Source: Public Investment Management Assessment scores from IMF; Civil liberties from QOG dataset; Rigidity scores from IMF 
staff calculations. 
Note: Each dot in the chart represents the average value for a given country over the sample period, providing a simplified view of 
the data distribution. In contrast, the fitted OLS regression line is estimated using the full panel dataset, which includes all available 
country-year observations. Investment management strength and civil liberties are normalized.  
 

Robustness to Additional Controls Using BMA 

The BMA results reinforce the robustness of some of the key relationships identified in the main analysis 
(Online Annex Table 1.4.3). For example, BMA confirms that rule of law is a robust predictor for narrower 
health spending efficiency gap. Decentralization shows some robustness in the case of public R&D 
expenditure, confirming the finding that expenditure decentralization is linked to efficiency of public 
spending on R&D. Finally, association of reduced public debt and higher pro-growth outlays in investment 
and education is confirmed by BMA as well. Other relationships do not survive this robustness check. 
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Online Annex Table 1.4.3 Bayesian Model Averaging Results 

 
Source: IMF staff estimates. 
Note: t-statistics are shown for each variable. Solid circles indicate coefficients with t-statistics greater than 1 in absolute value 
(green = positive, red = negative); hollow circles indicate insignificance. BMA is run on cross-section and panel models with 
and without fixed effects. There are four separate BMA analyses on four separate sets of explanatory variables; the larger the 
set of variables, the fewer countries have the data available. Number of countries specifies how many are left in the dataset 
used for the BMA, depending on the explanatory variables considered. Fixed effects “x” and “v” stands for BMA without and 
with fixed effects respectively. 
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Online Annex 1.5. Empirical Methodology for Growth Regressions1 
This Online Annex documents the data, methodology, robustness checks, and extensions underpinning the growth regressions 
presented in the main text.  

Data 
The empirical analysis relies on a dataset of macroeconomic indicators, public expenditure components, 
structural reform indices, and crisis episodes. Detailed definitions, coverage, and sources are documented in 
Online Annex 1.1. The analysis also uses estimates of spending efficiency, which are detailed in Online Annex 
1.3. 

Baseline Methodology 
The analysis focuses on four categories of public spending generally recognized in the literature as growth-
enhancing: public investment, education, health, and research and development (R&D). To isolate 
compositional effects, each category is measured as a share of total public expenditure, thereby holding the 
overall spending envelope constant. This helps ensure that the estimated effects capture reallocation across 
spending categories rather than changes in the aggregate size of public spending. 

The specification is event-based. Rather than regressing output on the continuous change in the spending 
share, the analysis constructs binary indicators for episodes of large and sustained increases in the share of 
each category. The use of such indicators helps identify discrete and potentially policy-driven shifts in 
spending composition that are less likely to be driven by automatic stabilizers or cyclical changes in the 
spending shares due to business cycle fluctuations. 

Episodes 

The analysis uses episodes of large and sustained changes in the composition of public spending which 
serve as the core policy shocks in both the country- and firm-level analyses. Episodes are selected to reflect 
durable, policy-driven reallocations in the relative composition of public spending—specifically for 
investment, education, health and R&D. 

The baseline identification strategy defines an episode using a four-year rolling window applied to the 
annual change in the spending share of each category. At least three of the four years must show positive 
growth in the spending share, with at least one increase exceeding 1.5 standard deviations relative to the 
country-specific historical distribution. A single-year decline is allowed if surrounded by positive growth, to 
allow for slippage within longer reform periods. The statistical algorithm effectively captures relevant 
policy-driven shifts in spending composition. This is illustrated by the episodes of education reform in 
Mexico, marked by green indicators: the early 1990s saw major reforms, including the ANMEB2 and the 
constitutional reform for compulsory secondary education, followed by the introduction of the 
PROGRESA3 in 1997 (Online Annex Figure 1.5.1, panel 1).  

The episodes indeed identify periods of sustained increases in each category of spending as a share of total 
spending (Online Annex Figure 1.5.1, panel 2). General public services and social protection are typically 

 
1 Prepared by Gabriel Hegab and Galen Sher. 
2 The Acuerdo Nacional para la Modernización de la Educación Básica (ANMEB) of 1992 marked a decentralization of basic education from federal to 
state authorities, alongside curriculum revisions and teacher incentives. In 1993, an amendment to Article 3 of Mexico’s Constitution made 
secondary education compulsory. 

3The Programa de Educación, Salud y Alimentación (PROGRESA) launched in 1997, was a pioneering conditional cash transfer program targeting poor 
households, linking benefits to school attendance and health checkups. 
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the two largest spending categories from which fiscal adjustments are drawn to accommodate increases in 
public investment. (Online Annex Figure 1.5.1, panel 3). 

 

Episodes identified through this method are relatively infrequent but span a wide range of countries and 
sectors, as summarized in Online Annex Table 1.5.1. They are detected across all income groups for each 
spending category. Coverage is broad for public investment, education and health, with representation from 
advanced and emerging market economies, and low-income developing countries. In contrast, public R&D 
spending episodes are concentrated in advanced economies, reflecting limited reallocation activity and data 
availability in lower-income settings. 

Online Annex Table 1.5.1 Summary Statistics of Episodes by Spending 
Category 

Statistic Public 
Investment 

Public 
Education 

Public 
Health 

Public 
R&D 

Countries with at least one episode 138 121 155 59 

Advance Economies 33 26 35 33 

Emerging Markets 68 60 77 19 

Low-Income Developing 
Countries 37 35 43 7 

Total years covered by episodes 923 850 1422 402 

Total number of episodes 185 172 254 76 

Average episodes per country 1.3 1.4 1.6 1.3 

Average episode length (years) 3.66 3.11 4.46 1.61 

Countries with no episodes 56 73 39 135 

Countries with 1 episode 95 79 78 43 

Countries with 2 episodes 39 34 60 15 

Online Annex Figure 1.5.1 Public Spending Episodes 
1. Mexico: Public Spending on 
Education 
(Percent of total expenditure) 

2. Impact of Public Investment 
Episode on Public Investment 
Spending Share 
(Percent) 

3. Spending Reallocation During 
Public Investment Episodes 
(Percent) 

   
Source: IMF Government Finance 
Statistics (GFS) database; IMF staff 
calculations. 
Note: Green dots indicate an episode 
of an increasing spending on education 
share. 

Source: IMF staff calculations. 
Note: Bars show 10-year cumulative 
impulse responses estimated via local 
projections. Shaded bands denote 
interquartile ranges across simulations. 

Source: IMF staff calculations. 
Note: Bars show 5-year cumulative 
impulse responses of each spending 
category as a share of total 
government expenditure, estimated via 
local projections. 



Fiscal Monitor – Online Annexes 

International Monetary Fund | October 2025          35 

Countries with 3 episodes 4 7 12 1 

Countries with 4 or more episodes 0 1 5 0 

Average episodes increase in 
percentage point 

4.3 1.6 0.8 0.1 

Total countries in sample 194 194 194 194 

Total years in sample 64 64 64 43 

Sample year range 1960–2024 1960–2024 1960–2024 1981–2024 
 

 

Public health spending shows the highest number of episodes, while public R&D spending episodes are 
more limited in coverage and duration, leading to less precise estimates in the case of R&D. On average, 
episodes last between 1.6 and 4.5 years, with most starting in the late 1990s, or early 2000s. Coverage varies 
by area: more than 75 percent of countries have at least one episode in public investment, education or 
health, while over 70 percent report no R&D episodes, reflecting data constraints and the rarity of large 
shifts in that category. The average size of the episodes—measured as the change in spending share 
between the three years before and after each episode—is 4.3 percentage points for public investment, 1.6 
for education, 0.8 for health, and just 0.1 for R&D. 

Growth Regressions 

The chapter adopts a panel local projections approach (Jordà 2005) to estimate the medium- and long-run 
output dynamics associated with major compositional shifts in public expenditure.  

The baseline regression specification follows the local projections framework; for each country 𝑖𝑖, year 𝑡𝑡, 
and horizon ℎ ∈ {0,1,…,10}, the following equation is estimated: 

𝑦𝑦𝑖𝑖,𝑡𝑡+ℎ − 𝑦𝑦𝑖𝑖,𝑡𝑡−1 = 𝜃𝜃𝑡𝑡ℎ + 𝛼𝛼𝑖𝑖ℎ + 𝛽𝛽ℎ𝑑𝑑𝑖𝑖,𝑡𝑡 + 𝛾𝛾ℎ𝑐𝑐𝑖𝑖,𝑡𝑡 + 𝑒𝑒𝑖𝑖,𝑡𝑡+ℎℎ  (A5.1) 

where 𝑦𝑦𝑖𝑖,𝑡𝑡 denotes the logarithm of real GDP—or alternatively, capital, employment, or total factor 
productivity, 𝑑𝑑𝑖𝑖,𝑡𝑡is a dummy variable equal to one in the first year of a spending episode and zero 
otherwise, and 𝑐𝑐𝑖𝑖,𝑡𝑡 is a vector of control variables. The controls include two lags of the dependent variable 
for h equal to zero, two lags of the episode dummy to capture possible delayed effects of spending shifts, 
the one-year-ahead forecast of GDP growth to control for expected macroeconomic conditions and reduce 
endogeneity arising from forward-looking policy responses, structural reform indicators in other areas 
(product and labor markets from Alesina et al. 2005) to address potential omitted bias. Country and year 
fixed effects are included in all regressions. Estimation is performed via fixed effects panel regression with 
Driscoll–Kraay standard errors which are robust to general forms of heteroskedasticity, serial correlation, 
and cross-sectional dependence. The estimates of 𝛽𝛽ℎas a function of ℎ are shown in Figure 5 panel 1-4 in 
the main text.  

The analysis is further extended to allow for heterogeneity in the output response to pro-growth spending 
episodes based on the continuous level of spending efficiency. In this specification, the local projection 
model interacts the binary episode indicator with the efficiency score. Efficiency scores 𝐸𝐸𝑖𝑖,𝑡𝑡  are estimated 
from a Stochastic Frontier Analysis (SFA) model applied to sector-specific spending data (see Online 
Annex 1.2). Specifically, the model estimates differential impulse response functions using the following 
specification: 

𝑦𝑦𝑖𝑖,𝑡𝑡+ℎ − 𝑦𝑦𝑖𝑖,𝑡𝑡−1 = 𝜃𝜃𝑡𝑡ℎ + 𝛼𝛼𝑖𝑖ℎ +  𝛽𝛽ℎ𝑖𝑖𝑖𝑖ℎ𝐸𝐸𝑖𝑖,𝑡𝑡𝑑𝑑𝑖𝑖,𝑡𝑡 + 𝛽𝛽𝑙𝑙𝑙𝑙𝑙𝑙�1 − 𝐸𝐸𝑖𝑖,𝑡𝑡�𝑑𝑑𝑖𝑖,𝑡𝑡 + 𝛾𝛾ℎ𝑐𝑐𝑖𝑖,𝑡𝑡 + 𝑒𝑒𝑖𝑖,𝑡𝑡+ℎℎ  (A5.2) 
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where 𝐸𝐸𝑖𝑖,𝑡𝑡 = 1 − Efficiency Gap𝑖𝑖𝑖𝑖 denotes the time-varying efficiency score, bounded between 0 and 1, 
and Efficiency Gap𝑖𝑖𝑖𝑖 is explained in Online Annex 1.2.  

This approach allows the marginal effect of spending episodes to vary continuously with efficiency, 
distinguishing the responses in more and less efficient contexts. Country fixed effects (𝛼𝛼𝑖𝑖ℎ), year fixed 
effects (𝜃𝜃𝑡𝑡ℎ), and same baseline control variables (𝑐𝑐𝑖𝑖,𝑡𝑡) are included as in the main specification. Similarly, 
the estimates of 𝛽𝛽ℎ𝑖𝑖𝑖𝑖ℎ and 𝛽𝛽𝑙𝑙𝑙𝑙𝑙𝑙are reported in Figure 5 panel 6. 

Robustness and Extensions 
This section presents a set of robustness checks and methodological extensions. Baseline regressions are re-
estimated with additional macro-fiscal controls, alternative estimation strategies, and different episode 
definitions.  

The results obtained across alternative methods are presented in Online Annex Figure 1.5.2 and reinforce 
the core findings. While magnitudes differ slightly, results remain broadly consistent across specifications, 
suggesting that growth effects are robust across specifications and not driven by omitted variables or 
endogeneity. The subsection below details the robustness exercises. 

Online Annex Figure 1.5.2 10-Year GDP Response to Public Investment Episodes 
1. Robustness Specifications 
(Percent) 

2. By Low and High Efficiency Quartiles 
(Percent) 

  
Source: IMF staff calculations. 
Note: Bars report cumulative GDP responses at a 10-year horizon following public investment episodes, estimated via local 
projections. Error bars denote 90 percent confidence intervals using Driscoll-Kraay standard errors. In the left chart, each 
specification adds controls or varies the estimation method: Baseline, with crisis dummies, the level of government spending, 
executive and legislative electoral year dummies, and a principal component index of political instability (PC) based on Bernal-
Verdugo et al. (2013), augmented inverse probability weighting (AIPW), and alternative episode definition based on Forbes–
Warnock (FW). In the right chart countries are grouped into high- and low-efficiency quartiles based on the average of their 
estimated efficiency scores. 

 

Additional Controls 

The first extension introduces controls for macroeconomic crises, including dummy variables for currency, 
sovereign debt, and banking crises which can trigger reforms. The spending episodes may overlap with 
periods of crises, potentially confounding the estimated growth effects. A second specification adds the log 
of total public expenditure to account for variation in the size of the fiscal envelope across countries and 
time. A possible concern is that compositional changes in spending may coincide with overall shifts in fiscal 
stance, such as deficit expansions or consolidations. Third, executive and legislative elections cycles, and 
political instability variables from Bernal-Verdugo et al. (2013), are included to test for robustness to 
potential politically-driven spending reforms. Finally, a broad set of reform shocks following Alesina et al. 
(2005), including trade, capital, current account, financial, product market, and labor market liberalization 
was also tested. 
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Additional Methods To Address Endogeneity 

To address potential selection bias in estimating output responses to spending composition shifts, the 
analysis adopts the Augmented Inverse Probability Weighting (AIPW) estimator (Glyn and Quinn 2010). 
AIPW is a doubly robust, semi-parametric method that combines inverse probability weighting based on a 
propensity score model with an outcome regression model. Treatment assignment is modeled via a logit4 
regression on predetermined covariates 𝑍𝑍𝑖𝑖,𝑡𝑡, which include the spending episode and the lagged level of its 
spending component. These covariates are used to estimate the probability Pr� 𝑑𝑑𝑖𝑖,𝑡𝑡 = 1 ∣∣ 𝑧𝑧𝑖𝑖,𝑡𝑡 � of an 
episode’s occurrence, generating inverse-probability weights. Higher public spending in a particular 
category (for example, public investment) is statistically significantly associated with a lower probability of  
experiencing an episode of major spending reallocation toward that category. The outcome model is 
estimated conditional on the treatment, where episodes are weighted by the inverse of their estimated 
propensity scores and a broader set of controls 𝑐𝑐𝑖𝑖,𝑡𝑡 which contains (and may extend beyond) the variables 
in 𝑧𝑧𝑖𝑖,𝑡𝑡. The AIPW estimator combines both models in a doubly robust manner, providing consistent 
estimates of the average treatment effect. The equations below represent the AIPW setup: 

Pr� 𝑑𝑑𝑖𝑖,𝑡𝑡 = 1 ∣∣ 𝑧𝑧𝑖𝑖,𝑡𝑡 � = Λ�𝑧𝑧𝑖𝑖,𝑡𝑡′ π� , (A5.3) 

𝑦𝑦𝑖𝑖,𝑡𝑡+ℎ − 𝑦𝑦𝑖𝑖,𝑡𝑡−1 = 𝜃𝜃𝑡𝑡ℎ + 𝛼𝛼𝑖𝑖ℎ + 𝛽𝛽ℎ𝑑𝑑𝑖𝑖,𝑡𝑡 + 𝛾𝛾ℎ𝑐𝑐𝑖𝑖,𝑡𝑡 + 𝜀𝜀𝑖𝑖,𝑡𝑡+ℎℎ   

The left panel of figure Online Annex Figure 1.5.3 shows the empirical densities of the predicted 
probabilities of an episode of major reallocation of public spending toward investment, for countries that 
experienced an episode and those that did not. The two distributions exhibit substantial overlap, suggesting 
that countries experiencing an episode are similar to countries that did not. Identification of causal effects 
through the AIPW estimator relies on this common support region, where selection into treatment most 
closely approximates the random allocation benchmark.  

To further address potential selection bias, the chapter uses the Synthetic Control Method (SCM) of 
Abadie, Diamond and Hainmueller (2010). This method estimates the effect of an episode on output by 
comparing the evolution of output in the country undergoing the episode to that of all other countries that 
did not experience an episode. The counterfactual evolution of output is calculated as a weighted average of 
output in these other countries, using weights that match the path of output in the country of interest 
before the episode. The effect of the episode in year 𝑡𝑡, after the episode starts, is defined as: 

𝑦𝑦𝑖𝑖,𝑡𝑡  −  𝑦𝑦�𝑖𝑖,𝑡𝑡 (A5.4) 

where 𝑦𝑦𝑖𝑖,𝑡𝑡 is the logarithm of GDP per person in country 𝑖𝑖 that undergoes an episode and 𝑦𝑦�𝑖𝑖,𝑡𝑡 is the 
counterfactual evolution of GDP per person in that country (i.e., how GDP per person would have 
evolved in the absence of the episode), defined as: 

𝑦𝑦�𝑖𝑖,𝑡𝑡 =
1

𝐽𝐽 − 1
� 𝑤𝑤𝑗𝑗𝑦𝑦𝑗𝑗,𝑡𝑡

𝐽𝐽

𝑗𝑗=1,𝑗𝑗≠𝑖𝑖

 
(A5.5) 

where the weights 𝑤𝑤𝑗𝑗 are non-negative, sum to 1, and minimize the distance between 𝑦𝑦𝑖𝑖,𝑡𝑡 and 𝑦𝑦𝑗𝑗,𝑡𝑡 in the 
years before the episode begins. To estimate the overall effect of a given type of reform, the chapter 
averages across all reform episodes, reporting the estimate  

 
4 A probit specification for the treatment model was also tested and found that the estimated impulse responses were nearly identical. 
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1
𝑛𝑛
�(𝑦𝑦𝑖𝑖,𝑡𝑡  −  𝑦𝑦�𝑖𝑖,𝑡𝑡)
𝑛𝑛

𝑖𝑖=1

 

where 𝑛𝑛 is the number of reform episodes.5 The SCM confirms the large positive effect of reform episodes 
on output. Online Annex Figure 1.5.3 panel 2 shows that output per person is almost 15 percent higher, ten 
years after a major reallocation toward public investment, than in other countries that did not experience a 
reform episode. The effects of health, education, and R&D spending episodes are also large according to 
the SCM. The validity of the SCM is supported by close match between GDP per person in the treatment 
and control groups in the three years before the start of the episode (𝑡𝑡 = −3,−2,−1 along the horizontal 
axis). 

Online Annex Figure 1.5.3 Diagnostic Tests and Results for Synthetic Control 
Method 
1. Distribution of Estimated Treatment Probabilities 
(Percent) 

2. GDP Impacts of Reallocation Episodes 
using SCM 
(Percent) 

  
Source: IMF staff calculations. 
Note: Kernel densities of estimated treatment probabilities 
from the first-stage logit model for episodes and non-episodes. 

Source: IMF staff calculations. 
Note: SCM = synthetic control method. 
 

 

Alternative Episode Definitions 

An alternative definition of episodes applies a 2 standard-deviation threshold (as opposed to 1.5 in the 
baseline) and confirms the qualitative results of the baseline. The impacts increase commensurately, which 
suggests that non-linearities are limited. Additionally, another alternative episode definition following 
Forbes and Warnock (2012) is considered, identifying periods in which annual increases exceed the five-
year rolling mean by more than one standard deviation, with at least one observation surpassing two 
standard deviations. 

Alternative Approach To Estimating Interaction Effects 

The analysis also estimates heterogeneous output responses to spending episodes across discrete efficiency 
groups. Specifically, countries are assigned to efficiency quartiles based on the average of their estimated 
efficiency scores. Local projections are then re-estimated separately for each group using the following 
specification: 

𝑦𝑦𝑖𝑖,𝑡𝑡+ℎ − 𝑦𝑦𝑖𝑖,𝑡𝑡−1 = 𝜃𝜃𝑡𝑡ℎ + 𝛼𝛼𝑖𝑖ℎ + 𝛽𝛽𝑞𝑞ℎ𝐼𝐼{𝐸𝐸𝑖𝑖 ∈ 𝑄𝑄𝑞𝑞}𝑑𝑑𝑖𝑖,𝑡𝑡 + 𝛾𝛾ℎ𝑐𝑐𝑖𝑖,𝑡𝑡 + 𝑒𝑒𝑖𝑖,𝑡𝑡+ℎℎ  (A5.6) 

 
5 Estimation is restricted to countries that experienced one or no reform—countries with two or more reform episodes are 
dropped. 
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where, 𝐸𝐸𝑖𝑖 = 𝑇𝑇−1 ∑ exp�−𝑢𝑢𝚤𝚤,𝑡𝑡� �𝑡𝑡  is the average efficiency score of country 𝑖𝑖, 𝑞𝑞 ∈  {1,4}, and 𝑄𝑄𝑞𝑞 denotes 
quartile 𝑞𝑞 of the distribution across countries of average efficiency scores. The model includes the same 
lagged controls and fixed effects as the baseline. This setup allows testing whether output effects are 
concentrated in more efficient environments or also materialize in low-efficiency groups of countries. 

Impacts on Inequality 

To examine the effect of spending reallocation reforms on inequality, this section estimates equation (A5.1) 
using the Gini coefficient of income inequality (which ranges from 0, indicating perfect equality of incomes 
to 100 percent, indicating maximum inequality where one individual obtains all the income) as the 𝑦𝑦𝑖𝑖,𝑡𝑡 
variable in place of output. The controls 𝑐𝑐𝑖𝑖,𝑡𝑡 include two lags of changes in the Gini coefficient. 

The results, presented in Online Annex Figure 1.5.4, indicate that the Gini coefficient tends to fall by 2 
percentage points in the 10 years after a public investment reform (i.e., a major reallocation towards public 
investment) and by 0.7 percentage points in the 10 years after a public education spending reform. The 
effect of public investment is statistically significant, and the effect of education spending is marginally 
statistically significant, at the 10 percent level using Driscoll—Kraay standard errors. The findings for 
public investment extend those of Furceri and Li (2017) to episodes of increases in public investment that 
are financed by cuts to other types of public spending. 

Implied Fiscal Multipliers 

To examine the fiscal multipliers implied by the growth regressions, this section adopts the methodology of 
Ramey and Zubairy (2018). Extending their equation (3) to a cross-country panel data context, the chapter 
estimates 

�𝑦𝑦𝑖𝑖,𝑡𝑡+𝑗𝑗

ℎ

𝑗𝑗=0

= 𝜃𝜃𝑡𝑡ℎ + 𝛼𝛼𝑖𝑖ℎ + 𝛽𝛽ℎ�𝑥𝑥𝑖𝑖,𝑡𝑡

ℎ

𝑗𝑗=0

+ 𝑒𝑒𝑖𝑖,𝑡𝑡+ℎℎ  
(A5.7) 

 

where 𝑦𝑦𝑖𝑖,𝑡𝑡 is the ratio of GDP to trend GDP and 𝑥𝑥𝑖𝑖,𝑡𝑡 is the ratio of government spending in a specific  
category (e.g., public investment or health spending) to trend GDP. Trend GDP, in turn, is estimated for 
each country separately as the exponential of a 6th order polynomial in the natural logarithm of that 

Online Annex Figure 1.5.4 Inequality Response to Spending Episodes 
Investment 
(Percentage points) 

Education 
(Percentage points) 

  

Source: IMF staff calculations. 
Note: Bars report the percentage change in the Gini coefficient in response to episodes of major increases in public spending on 
investment and education, estimated using local projections. Error bars represent 90 percent confidence intervals computed with 
Driscoll–Kraay standard errors. 
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country’s GDP. Equation (A5.7) is estimated by two-stage least squares, where ∑ 𝑥𝑥𝑖𝑖,𝑡𝑡ℎ
𝑗𝑗=0  is instrumented by 

𝑑𝑑𝑖𝑖,𝑡𝑡, the dummy variable described above that is equal to one in the first year of a spending episode and 
zero otherwise. The estimate of 𝛽𝛽ℎ is an estimate of the cumulative multiplier from this specific spending 
category at horizon ℎ (i.e., ℎ years after the start of the reform episode). These estimated multipliers are 
reported in Footnote 18 of the main text. 
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Online Annex 1.6. Theoretical Model of Public Spending1 
The appendix presents the modelling framework used to analyze the long-term impacts of closing public spending efficiency gaps 
and reallocating public spending toward more pro-growth areas. 

The model’s novelties lie in its integration of expenditure-side fiscal policy components and human capital 
development within an endogenous growth framework. It brings together several strands of literature: 

• Public infrastructure investment. The framework builds on the literature on public infrastructure 
investment and output multipliers, as in Traum and Yang (2015), Drautzburg and Uhlig (2015), 
and IMF (2020). Government investment adds to the stock of productive public capital—such as 
roads or communication networks—which, in turn, enhances private sector productivity. 

• Human capital development. Building on Blankenau and Simpson (2004), Dissou et al. (2016), and 
Atolia et al. (2017), private human capital is modeled as the outcome of households’ allocation of 
time to education and healthcare. This process is complemented by public investment in human 
capital, which adds to the stock of public human capital—such as schools and hospitals—that 
enhances the effectiveness of private efforts. 

• Endogenous growth. Following Comin and Gertler (2006) and Anzoategui et al. (2019), the model 
distinguishes between the stock of created technologies, 𝑍𝑍t, that is available for adoption, and the 
stock of adopted technologies, 𝐴𝐴𝑡𝑡. Public R&D expenditures contribute to the creation of new 
technologies by increasing 𝑍𝑍𝑡𝑡 , while private adoption efforts expand 𝐴𝐴𝑡𝑡. This distinction between 
creation and adoption allows for realistic delays in technology diffusion, and thus more accurately 
reflects the dynamic impact of public R&D spending. The gap 𝑍𝑍𝑡𝑡 − 𝐴𝐴𝑡𝑡 represents the stock of 
unadopted technologies. 

• Efficiency-adjusted public expenditure. The accumulation of both infrastructure and human capital 
stocks is adjusted for inefficiencies, as in Berg et al. (2019). This implies that only a fraction of 
public investment is transformed into productive capital. A similar adjustment is applied to public 
R&D spending, reflecting inefficiencies in translating expenditure into technological advancement. 

Modelling framework 
Overall setup 

The model is based on a New Keynesian framework, extended to explicitly incorporate human capital 
accumulation and endogenous growth through technology adoption. The economy is populated by a 
representative household, a government, and a multi-tiered production sector. The representative 
household makes optimal decisions regarding consumption, labor supply, private physical investment, and 
savings in government bonds. Departing from the standard framework, the household also invests in 
human capital (health and education). The government comprises a fiscal authority and a central bank. The 
fiscal authority's role includes expenditures on public infrastructure, public human capital, and public R&D, 
in addition to standard government consumption, lump-sum transfers, and taxes levied on consumption 
and income. The central bank sets the nominal interest rate according to a Taylor rule. 

The model’s production structure follows Comin and Gertler (2006) and Anzoategui et al. (2019), 
comprising three tiers: 

 
1 Prepared by Krzysztof Bańkowski and Anh Dinh Minh Nguyen. 
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• Final goods. A monopolistically competitive sector produces differentiated goods and sets nominal 
prices according to a Calvo-style staggered pricing mechanism. 

• Intermediate goods. This sector consists of a continuum of firms, each operating Cobb-Douglas 
production functions using effective labor (defined as the product of private human capital and 
hours worked) and private capital, with public infrastructure capital entering as a positive 
externality. 

• Technology adopters. A competitive set of “adopters” converts unadopted technologies 𝑍𝑍𝑡𝑡 − 𝐴𝐴𝑡𝑡 for 
use in production. The probability of successful adoption in a given period depends positively on 
the adopter’s level of adoption expenditure, measured in units of the final consumption goods 
composite. Adoption success is modeled as a probabilistic process: if unsuccessful, the adopter 
may attempt conversion again in subsequent periods. Once a technology is successfully adopted, 
the adopter sells the rights to use technology to intermediate-goods producers. 

Key equations 

Production. The aggregate production function in the economy is given by: 

𝑌𝑌𝑡𝑡 = 𝐴𝐴𝑡𝑡𝜗𝜗−1𝐾𝐾𝑡𝑡𝛼𝛼(𝐻𝐻𝑡𝑡𝐿𝐿𝑡𝑡)1−𝛼𝛼(𝐾𝐾𝑡𝑡𝐺𝐺𝐺𝐺)𝛼𝛼𝐺𝐺 ,                                       (Eq.6.1) 
 

where 𝑌𝑌𝑡𝑡 denotes output, 𝐴𝐴𝑡𝑡 is the stock of adopted technologies, 𝐾𝐾𝑡𝑡 is the private capital stock, 𝐻𝐻𝑡𝑡𝐿𝐿𝑡𝑡 is 
effective labor—which is the product of private human capital 𝐻𝐻𝑡𝑡 and hours worked 𝐿𝐿𝑡𝑡, and 𝐾𝐾𝑡𝑡𝐺𝐺𝐺𝐺 is the 
stock of public infrastructure capital. The parameter 𝜗𝜗 governs the productivity impact of technology 
adoption, while 𝛼𝛼 and 𝛼𝛼𝐺𝐺 denote the output elasticities of private capital and public infrastructure, 
respectively.2 

Private human capital accumulation. Households divide their unit time endowment among time spent 
on human capital accumulation (𝐸𝐸𝑡𝑡), labor supply (𝐿𝐿𝑡𝑡), and leisure (1 − 𝐸𝐸𝑡𝑡 − 𝐿𝐿𝑡𝑡). The evolution of private 
human capital 𝐻𝐻𝑡𝑡 is described by the following law of motion: 

Ht+1 = �1 − δh � H𝑡𝑡 + λ(Et )γ  �
𝐾𝐾𝑡𝑡
𝐺𝐺E

Λ𝑡𝑡
 �
𝜇𝜇

,                                       (Eq.6.2) 

where 𝛿𝛿ℎ  is the depreciation rate of human capital, 𝐸𝐸𝑡𝑡 denotes the time spent by the household in human 
capital development, and 𝐾𝐾𝑡𝑡𝐺𝐺E represents the stock of public human capital (e.g., schools and hospitals). 
The term Λt is a scaling factor ensuring consistency with balance growth. The cost of time spent on 
working and human capital development is a reduction in leisure, which lowers utility. 

Public capital accumulation and efficiency. The accumulation of public infrastructure capital (𝐾𝐾𝑡𝑡𝐺𝐺𝐺𝐺) and 
public human capital (𝐾𝐾𝑡𝑡𝐺𝐺𝐺𝐺), adjusted for corresponding inefficiencies 𝑒𝑒𝐺𝐺𝐺𝐺 and 𝑒𝑒𝐺𝐺𝐺𝐺, is expressed as follows: 

𝐾𝐾𝑡𝑡𝐺𝐺𝐺𝐺 = (1 − 𝛿𝛿𝐺𝐺𝐺𝐺) 𝐾𝐾𝑡𝑡−1𝐺𝐺𝐺𝐺 + (1 − 𝑒𝑒𝐺𝐺𝐺𝐺) 𝐼𝐼𝑡𝑡𝐺𝐺𝐺𝐺 ,                                       (Eq.6.3) 

𝐾𝐾𝑡𝑡𝐺𝐺𝐺𝐺 = (1 − 𝛿𝛿𝐺𝐺𝐺𝐺) 𝐾𝐾𝑡𝑡−1𝐺𝐺𝐺𝐺 + (1 − 𝑒𝑒𝐺𝐺𝐺𝐺) 𝐼𝐼𝑡𝑡𝐺𝐺𝐺𝐺 .                                       (Eq.6.4) 

 
2 As shown in Anzoategui et al. (2019), 𝜗𝜗 reflects the intermediate-goods elasticity of substitution.  
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The inefficiency parameters 𝑒𝑒𝐺𝐺𝐺𝐺 and 𝑒𝑒𝐺𝐺𝐺𝐺 capture the concept of technical efficiency—that is, only a 
fraction 1-𝑒𝑒𝑥𝑥  of each unit of spent contributes to the respective capital stock, in a similar way with the 
efficiency gap discussed in Online Annex 1.2.3  

Technological development. The model distinguishes between the stock of available technologies 𝑍𝑍𝑡𝑡 and 
the stock of adopted technologies 𝐴𝐴𝑡𝑡. The evolution of 𝑍𝑍𝑡𝑡 depends on two main factors. First, higher levels 
of human capital are assumed to foster technological innovation—that is, increase in skilled labor leads to 
more ideas and innovations, reflecting a learning-by-doing channel as discussed in Chang et al. (2002). 
Second, public R&D spending (𝐺𝐺𝑡𝑡𝑅𝑅𝑅𝑅) contributes directly to the creation of new technologies. 

𝑙𝑙𝑙𝑙𝑙𝑙 � 𝑍𝑍𝑡𝑡
𝑍𝑍𝑆𝑆𝑆𝑆
�   =  𝜌𝜌𝐴𝐴  𝑙𝑙𝑙𝑙𝑙𝑙 �

𝑍𝑍𝑡𝑡−1
𝑍𝑍𝑆𝑆𝑆𝑆

�   +  (1  −  𝜌𝜌𝐴𝐴)  � 𝛼𝛼𝐻𝐻𝐻𝐻  𝑙𝑙𝑙𝑙𝑙𝑙 �
𝐻𝐻𝑡𝑡−1
𝐻𝐻𝑆𝑆𝑆𝑆 �   +  𝛼𝛼𝑅𝑅𝑅𝑅  𝑙𝑙𝑙𝑙𝑙𝑙 �

𝐺𝐺𝑡𝑡−1𝑅𝑅𝑅𝑅

𝐺𝐺𝑅𝑅𝑅𝑅,𝑆𝑆𝑆𝑆�  �        (Eq.6.5) 

To capture the lags between creation and adoption, the evolution of adopted technologies 𝐴𝐴𝑡𝑡 is modeled 
as: 

𝐴𝐴𝑡𝑡+1 = 𝜆𝜆𝑡𝑡𝜙𝜙[𝑍𝑍𝑡𝑡 − 𝐴𝐴𝑡𝑡] + 𝜙𝜙𝐴𝐴𝑡𝑡                                                   (Eq.6.6) 

where the time-varying probability of adoption is given by 𝜆𝜆𝑡𝑡 = 𝜆𝜆0 �
𝐴𝐴𝑡𝑡𝑆𝑆𝑡𝑡
𝛬𝛬𝑡𝑡
�
𝜍𝜍
 and depends positively on 

adopters' expenditure 𝑆𝑆𝑡𝑡, scaled by the balanced-growth trend Λ𝑡𝑡. Adopters choose 𝑆𝑆𝑡𝑡 to maximize the 
value of converting unadopted technologies into usable ones, taking into account the associated cost. 

Model Parameterization 

The model is parameterized for a representative advanced economy (AE) and a representative emerging 
market and developing economy (EMDE), separately. Key parameters are briefly described below and 
summarized in Online Annex Table 1.6.1. 

• Elasticity of output with respect to infrastructure (𝛼𝛼𝐺𝐺). It is 
set at 0.05 for AEs, following Traum and Yang 
(2015), and 0.17 for EMDEs, based on Born and 
Ligthart (2019) and Buffie et al. (2012). The higher 
value for EMDEs reflects the larger contribution 
of public infrastructure investment to output in 
these economies. 

• Private human capital accumulation. The elasticity of 
human capital accumulation with respect to the 
public human capital stock (μ) is set at 0.25 for 
EMDEs , and 0.1 for AEs, which is in the range 
documented in Glomm and Ravikumar (1997), 
Blankeau (2004), and Atolia et al. (2016). The lower 
value for the latter reflects the empirical finding that the marginal impact of government 
investment on human capital formation is moderate, given already well-developed education and 
health infrastructure. The elasticity with respect to the time spent on human capital accumulation is 
set to γ = 0.5 for both country groups, consistent with Atolia et al. (2016) and Dissou et al. (2016). 

 
3 Another dimension of efficiency relates to the allocation of resources toward higher-return investment projects– referred to as 
allocative efficiency. The following section also considers an extended scenario that incorporates both technical and allocative 
efficiency improvements. 

Online Annex Table 1.6.1 Selected 
Model Parameters 

Description AE EMDE 
Parameters   
αG 0.05 0.17 
α𝐻𝐻𝐻𝐻 0.45 - 
α𝑅𝑅𝑅𝑅 0.1 - 
𝜌𝜌𝐴𝐴 0.79 0.79 
𝜙𝜙 0.97 0.97 
𝑒𝑒𝐺𝐺𝐺𝐺 0.35 0.42 
𝑒𝑒𝐺𝐺𝐺𝐺 0.30 0.32 
𝑒𝑒𝐺𝐺𝐺𝐺𝐺𝐺 0.41 - 
𝜍𝜍 0.8 0.8 
λ0 0.1 0.1 
δ𝐺𝐺𝐺𝐺, δ𝐺𝐺𝐺𝐺  0.025 0.025 
 𝜇𝜇 0.1 0.25 
 γ 0.5 0.5 
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• Inefficiency parameters. The efficiency gaps are set based on empirical estimates in the chapter, as 
explained in the main text. For infrastructure investment, the average gap is set at 0.35 for AEs and 
0.42 for EMDEs. For human capital investment, they are 0.30 and 0.32 for AEs and EMDEs, 
respectively. For public R&D spending, the inefficiency parameter is set at 0.4 for AEs, while this 
innovation channel is shut down in EMDEs due to their reliance on technology adoption rather 
than on innovation.  

• Depreciation of public capital (𝛿𝛿𝐺𝐺𝐺𝐺, 𝛿𝛿𝐺𝐺𝐺𝐺). Both depreciation rates are set at the standard value of 0.025, 
corresponding to an annual depreciation rate of 10 percent. 

• Technology innovation parameters. The AR(1) coefficient for the stock of technologies (𝜌𝜌𝐴𝐴) is set at 0.79 
(quarterly), as in Chang et al. (2002). For AEs, the elasticity of human capital with respect to 
technology development (𝛼𝛼𝐻𝐻𝐻𝐻) is set at 0.45, capturing the learning-by-doing channel, as in Chang 
et al. (2002). The elasticity of public R&D spending (𝛼𝛼𝑅𝑅𝑅𝑅) is calibrated at 0.1, consistent with the 
R&D impact estimates in Fieldhouse and Mertens (2025).  

• Technology adoption parameters. Following Comin and Gertler (2006) and Anzoategui et al. (2019), the 
elasticity of the probability of adoption with respect to adoption spending (𝜍𝜍) is set at 0.8, and λ0 is 
set at 0.1, implying an average lag of approximately ten years. 

In addition, the steady states of fiscal variables are set as follows: 

• Public consumption-to-GDP ratio. Set to standard 
values for each country group, 18 percent of 
GDP for AEs and 14 percent of GDP for 
EMDEs, based on IMF (2023) and based on 
World Bank’s World Development Indicators 
database. Public consumption includes wages 
of teachers, doctors and nurses, other public 
workers employed in education and health 
care, as well as other government final 
consumption. 

• Public investment-to-GDP ratio. Infrastructure 
investment is set at 3 percent of GDP for AEs 
and 5 percent of GDP for EMDEs (excluding 
public education and health investment, like 
building schools and hospitals). Public human 
capital spending (investing in public education 
and health) is calibrated at 1.5 percent of GDP 
for AE and 2 percent of GDP for EMDEs, 
based on the share of these items in public 
investment of OECD income group (2025a) 
due to limited data availability of public 
investment composition.  

• Effective tax rates. Effective tax rates are set at 
standard levels for each country group, following IMF (2023), Benitez et al. (2023), and (OECD, 
2021, 2025b). The consumption tax rate is set at 18 percent for AEs and 15 percent for EMDEs. 
The income tax rate is 25 percent for AEs and 10 percent for EMDEs. 

Online Annex Figure 1.6.1 Emerging 
Market and Developing Economies: 
Output Gain from Combining Human 
Capital and Infrastructure 
(Percent deviation from steady state) 

 
Source: IMF staff estimates. 
Note: Responses of output to a permanent increase of 1 
percent of GDP in 2025 in public human capital investment, 
public infrastructure investment, and a 50/50 mix of both, 
financed by an equivalent cut to public consumption. 



Fiscal Monitor – Online Annexes 

International Monetary Fund | October 2025          45 

Additional Results 
Implied Multipliers  

The implied cumulative multipliers over 25 years for public investment for human capital investment and 
infrastructure investment are about 1 for AEs and 2.5 for EMDEs, which are in the range of long-run 
multipliers by Ramey (2020) (Table 3). Afonso and Eduardo (2024) also document that the multiplier of 
public investment is 0.9 for advanced economies and 2.3 for emerging economies. Meanwhile, the 
cumulative multiplier for R&D expenditure is about 1.8, as in line with Fieldhouse and Mertens (2025).   

Policy-Mix for Emerging Market and Developing Economies 

As shown in the main text, reorienting resources toward human capital investment and infrastructure 
investment can result in long term gain, though over different time horizons. A combination of human 
capital investment and infrastructure investment could be also a viable option for emerging markets and 
developing economies. This policy mix results in a more balanced outcome by combining the short-term 
gains from infrastructure investment and longer-term gains from human capital investment. While this 
option delivers a slightly lower output gain by 2050 compared to investing more solely in human capital, it 
yields higher output in the shorter term. 
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