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Appendix A. Literature, Method and Data

A.1 Literature on developing countries

Table (A1) Related Studies

Study Geographical
Coverage

Time Period Methodology Fiscal Policy Findings Observation

Ospina
(2010)

19 Latin
American
countries

1980-2000 2SLS and GMM Social Spending Government
spending on
healthcare results
in a more equal
income distribution.

The time dimension is
greater than the
cross-sections, meanwhile,
the GMM technique is
more applicable to short
panels.

Martinez
et al.
(2012)

150 Developed
and Developing
countries across
the globe

1970-2009 Difference GMM Taxes and social
spending

The income distribution
becomes more
egalitarian due to
progressive taxes and
social spending

Does not evaluate the
impact of the fiscal
policy variables on
different income
percentiles.

Claus
et al.
(2012)

150 Developed,
Developing and
Transition
economies

1970-2009 Difference GMM Public spending and
taxation

Inequality decreases
with a rise in the
GDP share of government
spending (particularly social
sectors).

Does not examine the
impact of government
spending on different
income percentiles.

Anyanwu
et al.
(2016)

17 West African
nations
(Comprising
Middle and
Low-Income
Countries)

1970-2011 System GMM Government spending Inequality
increases with an
increase in total public
expenditure on public
goods and redistributive
policies.

Use of the GMM
technique is more
suitable for short
panels, rather than
long ones, as
employed in the study

Bergh
et al.
(2020)

140 Countries
across varying
income levels

1970-2010 Fixed Effect and
system GMM
estimator

Social spending In the face of globalisation,
all types of social security
examined are ineffective
at reducing inequality.

Does not consider
the dynamic effect
of public spending
shocks on income
inequality.

Furceri
et al.
(2022)

103 Developing
countries
across the world

1990-2015 Local Projection
Method

Fiscal
consolidation
through public
spending

The economic divide widens
persistently, following the
implementation of austerity
measures within developing
countries

Local projection
estimators tend to have a
relatively high bias as
well as variance, often
leading to inaccurate
confidence intervals.

Howie
and
Atakhanova
(2014)

Kazakhstan 1996-2009 Dynamic panel
data model

Health spending While public health
programmes have no
detectable effect on the
lowest half of the
distribution, they do
reduce inequality in
rural regions.

Does not consider the
long-run effects of the
health programmes on
income inequality.

Lustig
(2016)

28 Low and
Middle-income
countries

2010 Commitment to
Equity (CEQ)
methodology

Health spending Public healthcare
expenditure fails
to close the income gap
in the presence of
healthcare services which
disproportionally benefit
the wealthy.

Long-term
redistributive
effect of publicly
sponsored health
programmes are not
examined.

Furceri
and Li
(2017)

79 Developing
countries

1990-2013 Local Projection
Method

Public
investment

Income inequality falls,
following a rise in public
investment

Inequality measure
employed focuses
on the Gini index.



4 Fiscal Policy Shocks and Income Inequality in Middle- and High-Income Countries

Table (1) Continued: Related Studies

Study Geographical
Coverage

Time Period Methodology Fiscal Policy Findings Observation

Rudra
(2004)

Developing (35)
and industrialized
countries (11)

1972-1996 Instrumental
Variables
methods

Health spending In less developed countries,
government spending on
healthcare fails to lower
income inequality.

Focuses
on the Gini index
without examining
alternative inequality
measures.

Coady
and
Dizioli
(2018)

103 Advanced
and Emerging
countries across
several regions

1990–2005 OLS, SURE,
Fixed Effects
and GMM.

Education spending Inequality declines in
developing nations
when the average
number of years spent
in education increases
for adults aged 25.

Does not analyse the
response of the
income distribution
to education expenditure
shocks.

Battistón
et al.
(2014)

18 Latin
American
countries

1990-2009 Microsimulation
using individual
earnings equations.

Education spending Expenditures raising
school enrolment tend
to exacerbate
economic disparity.

The effect of
public education
spending on the
percentile income
shares of various
income categories
is not examined.

Castelló
and
Doménech
(2014)

146 Countries
across different
income
levels

1950–2010 OLS, Fixed Effects
and some Instrumental
Variables techniques.

Education spending In situations in which having
a higher education enhances
the odds of earning a better
pay, increasing the average
number of years spent in
school promotes inequality.

Does not examine
the impact of education
spending on different
income percentiles.

Sauer
et al.
(2020)

73 countries
across
the world

1981-2010 Fixed Effects Taxation Taxation as well as
imports from low-income
nations help offset the
disequalizing impacts
of falling labour
income shares.

Focuses
on Gini index
and does not
explore alternative
inequality measures

Alavuotunki
et al.
(2019)

138 Developed
and Developing
Countries

1975–2010 Fixed Effects
OLS Model

Taxation Due to the tax
programmes considered,
income inequality has
worsened.

Does not examine
the impact of tax
shocks on the
economic divide.

Duncan
and
Sabirianova
(2016)

Large sample of
developed and
developing
countries

1981-2005 Instrumental
Variables

Taxation As the tax system
becomes more progressive,
inequality in observed
income declines. Meanwhile,
progressive tax systems
exhibit notably less
pronounced impacts on
actual inequality.

Long-term
redistributive effect
of publicly sponsored
health programmes
are not examined

Hollar
and
Cubero
(2010)

Central America Integrates data
from existing
tax and public
expenditure
studies (typically
ranging between
1995-2003)

GMM Tax and
social spending

While taxation is
regressive, social spending
tends to be equalizing,
meanwhile, the distribution
and total amount of social
spending Central America is
not enough to reduce
inequality in the region

Does not examine
the impact of tax
shocks on the
economic divide

A.2 Additional Technical Information
In arriving at equation (??), we begin with the structural VAR models in equations (1) to (3) below:

GSit = β10 +β12Taxit +β13Giniit + γ11GSit−1 + γ12Taxit−1 + γ13Giniit−1 +UGSit (1)

Taxit = β20 +β22GSit +β23Giniit + γ21GSit−1 + γ22Taxit−1 + γ23Giniit−1 +UTaxit (2)

Giniit = β30 +β32GSit +β33Taxit + γ31GSit−1 + γ32Taxit−1 + γ33Giniit−1 +UGiniit (3)

Equations (1) to (3) represent the structural VAR equations. The reverse-causality/contemporaneous feedback in the structural VAR models
above results in endogeneity bias; and as such we transform the structural VAR in order to eliminate the feedback. For this purpose, we move the
contemporaneous variables in equations (1) to (3) to the left-hand side of each equation and thus obtain equations (4) to (6) below:

GSit −β12Taxit −β13Giniit = β10 + γ11GSit−1 + γ12Taxit−1 + γ13Giniit−1 +UGSit (4)

−β22GSit +Taxit −β23Giniit = β20 + γ21GSit−1 + γ22Taxit−1 + γ23Giniit−1 +UTaxit (5)
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−β32GSit −β33Taxit +Giniit = β30 + γ31GSit−1 + γ32Taxit−1 + γ33Giniit−1 +UGiniit (6)

Using matrices, equations (4) to (6) can be denoted as: 1 −β12 −β13
−β22 1 −β23
−β32 −β33 1

 GSit
Taxit
Giniit

=

β10
β20
β30

+

γ11 γ12 γ13
γ21 γ22 γ23
γ31 γ32 γ33

 GSit−1
Taxit−1
Giniit−1

+

UGSit
UTaxit
UGiniit

 (7)

and with matrix algebra, equation (7) can be simplified as:

BYit = Γ0 +Γ1Yt−1 +Ut (8)

where B =

 1 −β12 −β13
−β22 1 −β23
−β32 −β33 1

 ,Yit =

 GSit
Taxit
Giniit

 ,Γ0 =

β10
β20
β30

 ,Γ1 =

γ11 γ12 γ13
γ21 γ22 γ23
γ31 γ32 γ33

 ,Ut =

UGSit
UTaxit
UGiniit

 (9)

To solve for Yit in equation (8) above, we multiply both sides by B−1, and this gives:

Yit = A0 +A1Yit−1 + eit (10)

where A0 = B−1
Γ0,A1 = B−1

Γ1 and eit = B−1Ut (11)

Equation (10) can be further simplified as follows:

GSit = α10 +α11GSit−1 +α12Taxit−1 +α13Giniit−1 + eGSit (12)

Taxit = α20 +α21GSit−1 +α22Taxit−1 +α23Giniit−1 + eTaxit (13)

Giniit = α30 +α31GSit−1 +α32Taxit−1 +α33Giniit−1 + eGiniit (14)

It is noteworthy that we do not report the constant term in our results for brevity. Also, in each equation, we account for the country and time
fixed effects by including country and time specific dummies (denoted as µi and θt respectively in our baseline equation).

A.3 Panel Unit Root and Stability Tests
As part of our analysis, we conduct unit root tests. As observed by Blundell and Bond (1998), the instruments employed by the GMM

estimator tend to be weak if the variables being modelled suffer from unit root. We thus conduct the Levin-Lin-Chu test (Levin et al., 2002).
The null hypothesis of the test assumes the panels contain unit roots. We do not employ Fisher-type tests (i.e., Augmented Dickey-Fuller and
Phillips-Perron tests) since they are designed for panels with long time-spans, whereas we utilize a short panel of ten years from 2004 to 2014 in
our present research. Our test results below suggest that we can reject the null hypothesis of unit root for all the variables.

Table (A2) Panel VAR Results: Gini Index

Levin-Lin-Chu test

Adjusted t* p-value

GS -4.956 0.000
Tax -8.050 0.000
SPS -1.795 0.036
HS -12.723 0.000
ES -6.309 0.000
Inflation -9.628 0.000
Gini -14.099 0.000
Tenth -9.151 0.000
Twentieth -7.764 0.000
Fortieth -8.402 0.000
Fiftieth -15.658 0.000
Eightieth -10.890 0.000
Ninetieth -8.948 0.000
Theil -12.146 0.000
Atkinson -7.070 0.000

H0: Panels contain unit roots
Ha: Panels are stationary
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Likewise, we evaluate the stability condition of our panel VAR model. As noted by Lütkepohl (2005) and Hamilton (2020) , all the moduli
of the companion matrix have to be less than one for the fitted VAR model to be considered stable. Graphically, this implies that the roots of the
companion matrix must lie within the unit circle. When a panel VAR model is not stable, no known interpretation can be given to its impulse
response functions and variance decompositions.

A.4 Panel VAR Identification
As is well-known, in orthogonalized impulse response analysis like ours here, the contemporaneous relationship among the endogenous

variables is determined by the order in which variables are entered into the VAR system. When a variable precedes another, the former is assumed
to be capable of exhibiting a contemporaneous impact on the latter, while the reverse is not the case.

The order in which our variables enter the VAR system is based on a variety of theoretical and empirical findings. First, we assume that public
spending impacts on the contemporaneous value of taxation revenue. The rationale behind this assumption is that government spending affects
economic activities, which in turn determine taxation revenue (Blanchard and Perotti, 2002). Moreover, the usual delays in the implementation
of tax rates implies that taxation revenue would likely impact on government expenditure with a time-lag (Narayan and Narayan, 2006; Ramos
and Roca-Sagales, 2008). Second, the effect of taxation on the Gini index is likely to be contemporaneous. This assumption is based on the
Jakobsson–Fellman theorem, which suggests that redistribution of income represents a core objective of taxation, and this in turn impacts the
degree to which the income distribution is egalitarian (Jakobsson, 1976; Fellman, 1976). While the Gini index impacts on other variables with a
time lag, the rest of the variables can exhibit a contemporaneous impact on the Gini index. Therefore, our variables enter the VAR system in the
following order:

Yit = [Spending,Tax,Gini, ]′ (15)

We construct the impulse response functions using the VAR estimates and generate their standard errors and confidence intervals through
200 Monte Carlo simulations from the distribution of the panel VAR model. Likewise, we report the (forecast error) variance decompositions,
which show the percentage of the variation in the respective dependent variable that arises from its own shocks as compared to shocks to the other
variables in the system.

In determining the order (or time lag) of our panel VAR model, we rely on the Model and Moment Selection Criteria (MMSC) proposed by
Andrews and Lu (2001) for models estimated with the GMM method.5 In all our regressions, we utilize a panel VAR model of order one as this
yields the lowest MAIC, MBIC and MQIC. In constructing our instrument matrix, we employ the approach of Holtz-Eakin et al. (1988), which
replaces missing values with zeros, and thus minimizes the loss of degrees of freedom as more instrument lags are added.6

A.5 Transformation of the Baseline Model Through Forward Orthogonal Deviations
The reverse-causality/contemporaneous feedback in structural VAR results in endogeneity bias. In time-series VAR, the feedback is

eliminated by transforming the VAR and subsequently estimating same, equation by equation using OLS. However, in panel VAR – particularly
given a short time-span (as is the case in this paper)7 – we are unable to employ the OLS method due to the presence of country fixed effects which
are correlated with the regressors (i.e., lagged explanatory variables) in the VAR system. In addressing this difficulty, we methodically transform
our models using the forward orthogonal deviations transformation of Arellano and Bover (1995). This approach is computed in two steps.
First, for each panel, we subtract the average of all available future observations (which will always be defined even in the presence of missing
observations) from the observation available for the relevant period. Second, the resulting value is multiplied by a scale factor. Accordingly, every
observation can be transformed through forward orthogonal deviations, except that of the last period. Mathematically, the forward orthogonal
deviation for variable w is computed with the formula:

cit(wit −
1
T ∑wis) (16)

where wit denotes the contemporaneous value of w for country i. Also, wis captures all future observations ahead of wit . Likewise, Tit
represents the number of future observations from period t within country i. Similarly, cit is a scale factor computed as:

cit =

√
Tit

(Tit +1)
(17)

5The MMSC is similar to a number of model selection criteria, such as Akaike information criteria (AIC) (Akaike, 1969), Bayesian information
criteria (BIC) (Schwarz, 1978) and the Hannan–Quinn information criteria (HQIC) (Hannan and Quinn, 1979).

6We do not adopt the Anderson-Hsiao approach (Anderson and Hsiao, 1982) because it reduces the observations available for regression with
every additional instrument lag.

7As the timespan tends towards infinity, the endogeneity bias reduces, and the fixed effects estimator can be used (Nickell, 1981). Nonetheless,
we do not experiment with the fixed effects estimator since we employ a relatively short time span.
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Appendix B. Baseline Results
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Figure (B1) Stability Condition: Gini Index
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Figure (B2) Stability Condition: Tenth, Fiftieth and Ninetieth Percentiles
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Figure (B3) Stability Condition: Twentieth, Fortieth and Eightieth Percentiles
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Figure (B4) Impulse Responses: Spending and Tax Shocks on the Twentieth, Fortieth and Eightieth Percentiles
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B.1 Further Discussions on Baseline Results
The parameter estimates from our VAR models provide information about how the income distribution variables

are affected by changes in the fiscal policy variables, meanwhile, the impulse responses show the dynamic response
of the income distribution variables to a shock imposed on the fiscal policy variables. As a corollary, the impulse
responses and estimated coefficients do not generally capture the same information. Interestingly however, our Panel
VAR results largely follow the same pattern as our impulse responses (see online Appendix Table B1 - B7). As
such, in situations in which we observe a negative (positive) impulse response for our income distribution variables,
we generally observe a similar response for our estimated coefficients obtained from the Panel VAR. Further, online
Appendix Figures B1 - B3 show that the roots of the companion matrix often lie within the unit circle, for the VAR
models. Consequently, our VAR models generally satisfy the stability condition.

B.2 Further Discussions on the 20th, 40th and 80th Percentiles
Online Appendix Figure B4 reveals that the income shares held by the 20th and 40th percentiles increase in

the year of impact (by 0.014 and 0.013 percentage points respectively) when there is a positive shock to public
expenditure. The greatest increase in the 40th percentile occurs in the second year for both scenarios (0.052
percentage points). For the 80th percentile, however, a government expenditure shock has little effect. The impact is
greatest in the second year, with a rise of 0.052 percentage points in the 40th percentile being the highest. Meanwhile,
the 80th percentile are not significantly impacted by a public expenditure shock.

As before, the income share held by the 20th, 40th, and 80th percentiles rises instantaneously when there is a
shock to education expenditure (Online Appendix B4). In most cases, the effects peaks in the second year. The
shock’s effect on the 80th and 20th percentiles fades in the third and fourth years respectively.

Also, a social protection shock raises the 80th percentile by 0.026 percentage points in the year of impact.
Nonetheless, a shock to social protection expenditure generally has no statistically significant impact on 20th and
40th percentiles.

In line with previous results, the 20th and 40th percentiles are not significantly impacted by health expenditure
shock. Nonetheless, after a positive health spending shock, the 80th percentile income share rises only after a
year (Online Appendix Figure B4). The impact however ceases to be statistically insignificant by the third year.
Consistent with earlier results, a positive shock to tax generally does not benefit the 20th, 40th and 80th percentiles
(Online Appendix Figure B4). In many cases, a tax shock has a negative effect on the percentiles in the year of
impact, which often fades away by the third year.
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Appendix C. Robustness Test: Replacing the Gini Index with Alternative Inequality
Measures
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Figure (C1) Stability Condition: Atkinson Index
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Figure (C2) Stability Condition: Theil Index
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Figure (C3) Impulse Responses: Spending and Tax Shocks on the Atkinson Index
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Note: The dashed blue lines denote the point estimates of the response of the relevant income distribution variable to the respective government
spending shocks. The shaded regions represent the corresponding 90 percent confidence intervals.
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Figure (C4) Impulse Responses: Spending and Tax Shocks on the Theil Index
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Note: The dashed blue lines denote the point estimates of the response of the relevant income distribution variable to the respective government
spending shocks. The shaded regions represent the corresponding 90 percent confidence intervals.
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C.1 Further Details on the Atkinson Measure of Inequality and the Theil Index
The Atkinson index has a lower bound of zero, reflecting an equal distribution, and an upper bound of one. An

important features of this measure of inequality is that it is the only one to explicitly (and not implicitly, as in all
other standard measures of inequality) incorporate society’s avertion to inequality and, therefore, the sensitivity of
the implied social welfare losses arising from inequality.8

Also, the lower bound of the Theil index is zero, representing a society wherein the total income is equally
distributed across the citizenry. Unlike the Gini coefficient and the Atkinson index which have an upper bound of
one, the Theil index has no upper bound (Foster et al., 2013). Data on the Theil index is also sourced from the Global
Consumption and Income Project Database. The database reports Theil’s first and second measures of inequality
(i.e., such that the orders of the generalized entropy measure are 1 and 0). We begin by conducting a panel unit root
test on both the Theil index and the Atkinson inequality measure. Online Appendix Table A2 suggests that we can
reject the null hypothesis of unit root for both inequality measures.

As seen in Online Appendix Tables C3 - C4, between the first and fifth years, the spending and tax variables
account for a reasonable portion of the variations in both the Theil index and the Atkinson inequality measure
(excluding their own shocks). As a result, the variance decomposition results are comparable to the baseline findings.

Further, Online Appendix Figures C1 and C2 reveals that for all VAR equations, the roots of the companion
matrix are contained within the unit circle. Hence, our panel VAR models meet the criteria of stability.

8An aversion parameter of zero suggests a society has no aversion to inequality. Meanwhile, a society with an infinite aversion to inequality
is assigned a parameter of infinity (∞). Data on the Atkinson index are sourced from the Global Consumption and Income Project Database. The
database computes the Atkinson index with an aversion parameter of 2.
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Appendix D. Brief Comparison between Middle- and High-Income Countries
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Figure (D1) Stability Condition: Gini Index
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Figure (D2) Stability Condition: Tenth, Fiftieth and Ninetieth Percentiles
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Figure (D3) Stability Condition: Twentieth, Fortieth and Eightieth Percentiles
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Figure (D4) Impulse Responses: Spending and Tax Shocks on the Twentieth, Fortieth and Eightieth Percentiles
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