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IS BIGGER BETTER?
NONLINEAR EFFECTS

OF GOVERNMENT
SPENDING ON GROWTH

ABSTRACT

Purpose: This study analyses the impact of public expenditures on economic growth within the framework
of the Armey curve. The Armey curve posits an inverted U-shaped relationship between government size
and growth, implying that public spending promotes economic activity up to an optimal point, beyond
which its marginal contribution becomes negative. The study empirically examines this nonlinear relation-
ship using data from 47 emerging economies for the period 1991-2019.

Methodology: In the study, the Method of Moments Quantile Regression (MMQREG) technique, which
can capture marginal effects that differ according to income levels, was applied. The robustness of the find-
ings is tested with Dynamic OLS (DOLS) and Driscoll-Kraay methods.

Results: The results obtained show that public expenditures increase growth up to a certain threshold, and
if this threshold is exceeded, it has negative effects on growth. While the optimal level of public expenditure
for low-income countries is approximately 15 per cent of GDP, this ratio increases to 19 per cent in high-
income countries. This shows that the impact of public expenditures on growth varies according to country
conditions.

Conclusion: The study reveals that the effect of public expenditures on economic growth cannot be ex-
plained by a universal policy ratio and that each country should develop differentiated fiscal policies in line
with its income level and institutional structure.

Keywords: Government expenditures, economic growth, Armey curve, panel data analysis

1. Introduction the level of production in the long run and have
no permanent effect on the growth rate. However,
: . endogenous growth models developed in the 1990s
fiscal p,OhCY and government.ex'penleures are a - (Barro, 1990; King & Rebelo, 1990; Barro & Sala-i
key pOllC}.' instrument for achieving thlS. goal. For Martin, 1992) challenged this approach by argu-
exampl?, in the SOIOV,V (1956) model, whl‘ch'forms ing that government expenditures and tax policies
the basis of neoclassical growth theory, it is pre- can have a direct impact on the rate of economic

icted th?t fiscal policy mstru(;r}ents suf;th as aln growth. The increase in government expenditures
increase in government expenditures affect only . p1tive to GDP in many countries over time has led

Economic growth is one of the main objectives of
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to the need to reassess the impact of the size of gov-
ernment on growth. In this context, the relationship
between government size and economic growth
has increasingly been analysed through nonlinear
frameworks that point to diminishing marginal re-
turns to public spending. The Armey curve, derived
from Barro’s (1990) endogenous growth model and
characterised by an inverted U-shape, provides
one of the most widely used representations of this
mechanism. The basic logic of both curves sug-
gests that a small-scale public sector can stimulate
growth, while an over-expanded public sector can
create restrictive effects on growth, thus pointing
to an optimal level of government expenditure that
maximises growth (Varol fyidogan & Turan, 2017).

As this framework shows, the relationship between
economic growth and the size of the state has long
been a subject of debate in the economic literature.
Economic theory has developed various theoretical
tools and methods to explain the impact of gov-
ernment on economic activities. These nonlinear
approaches, including the Armey curve, the Rahn
curve, and the BARS framework, which consists
of the initials of Barro (1989), Armey (1995), Rahn
and Fox (1996), and Scully (1994), collectively em-
phasise that government size may enhance growth
up to a certain threshold, beyond which additional
expansion becomes counterproductive (Altunc
& Aydin, 2013). In addition, Keynesian theory
highlights that public expenditure can generate
a ‘crowding-in’ effect when it complements pri-
vate investment, while excessive public expansion
may create a ‘crowding-out’ effect through higher
taxes or borrowing requirements (Keynes, 1937;
Barro, 1990; Engen & Skinner, 1992; Pevcin, 2004;
Schaltegger & Torgler, 2006).

Although the general consensus predicts an invert-
ed U-shaped relationship between the size of the
public sector and economic growth, the question
of whether “big government” has positive or nega-
tive effects on economic growth has not yet found a
clear answer within the framework of existing em-
pirical studies and has continued to be investigated
by many economists (Colombier, 2015; Churchill et
al., 2017; Brindle, 2020). Two main questions stand
out in this debate: first, whether there is a threshold
value for the size of the public sector that favours
or hinders growth, and second, which indicators
would be more appropriate to use in measuring the
size of the public sector. In the existing literature,
various criteria are used to determine the size of

the public sector. Among these measures, variables
such as the share of general, central or local gov-
ernment expenditures in GDP, the ratio of tax rev-
enues to national income, government consump-
tion and transfer expenditures, and government
investments come to the fore. However, the most
emphasised basic indicator in the literature is the
ratio of government expenditures to GDP (Vedder
& Gallaway, 1998; Nijkamp & Poot, 2004; Gem-
mell & Au, 2013; Churchill et al.,, 2017; Hajamini
& Falahi, 2018; Colombier, 2024). At this point, the
correct determination of the composition and level
of government expenditures is of great importance
in terms of achieving the desired effects on growth.

In particular, government consumption expendi-
tures, which affect aggregate demand and directly
support economic activities, are expected to create a
multiplier effect on economic growth (Barro, 1990).
Building on this discussion, recent theoretical work
by Vasilev (2020) further demonstrates that the in-
verted U-shaped Armey mechanism can also be de-
rived within a dynamic Keynesian framework, where
lagged public expenditure affects private investment
in a nonlinear manner. Empirical applications com-
monly estimate this relationship using the share of
government expenditure in GDP and its squared
term, where a positive linear coefficient and a nega-
tive quadratic coefficient confirm the inverted U-
shape (Asimakopoulos & Karavias, 2016).

Regarding the impact of the government sector on
economic growth, two main approaches are promi-
nent in the literature. According to the first view,
the growth of the public sector distorts the efficient
allocation of resources and creates an exclusionary
effect on private sector investments. This leads to
a decline in aggregate productivity and thus to a
slowdown in economic growth. Although it is ac-
cepted that basic government expenditures have
positive effects on growth, it is argued that this
positive effect may reverse if these expenditures
increase beyond the core functions of the public
sector (Barro, 1990; Scully, 1994). On the other
hand, the second approach argues that the public
sector should assume an active role in order to en-
sure economic growth. According to this approach,
the state, as an actor with the capacity to mobilise
physical and human capital, should take a central
position in the growth and development process
(Asoni, 2008). Facchini and Melki (2011), on the
other hand, attribute the positive effects of govern-
ment expenditures to the elimination of market
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failures and the negative effects to the costs caused
by structural failures of the state, and argue that the
Armey curve is a combination of these two mecha-
nisms. Schaltegger and Torgler (2006), on the other
hand, stated that the relationship between the size
of the public sector and growth differs according
to the level of development of countries; negative
effects may be dominant in developed countries,
while positive effects may be dominant in less de-
veloped countries. In conclusion, the impact of
government expenditures on economic growth is
shaped by a combination of many factors such as
the institutional structure of countries, the level of
corruption, bureaucratic efficiency, fiscal discipline,
policy delays, and the power to penetrate the eco-
nomic structure.

This study evaluates the impact of government
consumption expenditures on economic growth
within the framework of the Armey curve, which
captures the diminishing marginal returns of public
spending and its nonlinear effects on growth. In the
analysis conducted using panel data for 47 emerg-
ing countries selected according to data availability
for the period 1991-2019, the Method of Moments
Quantile Regression (MMQREG), which can cap-
ture marginal effects varying by income level, is
applied; the robustness of the results is ensured by
testing the findings using DOLS and Driscoll-Kraay
methods. The contribution of the study to the liter-
ature is multilayered in the sense that it reveals the
impact of government expenditures on growth not
only at the average level but also within the frame-
work of varying thresholds for countries in different
income groups and shows how this relationship is
shaped by structural, managerial, and institutional
differences. In this respect, the study not only tests
the validity of the Armey curve in the context of
emerging countries but is also expected to make
a unique contribution to the literature on public
finance and growth by highlighting the necessity
of differentiated fiscal policy designs for countries
with different income levels.

The remainder of the study is systematically struc-
tured. First, the literature on the Armey curve is
comprehensively reviewed, and the findings and
approaches of previous studies are evaluated. Fol-
lowing this section, the data set used in the study,
the empirical model, and the methodological ap-
proach adopted are presented in detail. Finally, the
findings are analysed, and the study is concluded
with a comprehensive discussion of the results.

2. Relevant literature

The view that the relationship between the size of
the public sector and economic growth is nonlinear
has gained an important place in the literature. In
this framework, Armey (1995) was one of the first
scientists to graphically present the nonlinear re-
lationship between government expenditures and
economic growth. In the literature, this curve is
sometimes referred to as the BARS curve, but the
more common term is the Armey curve (Yiksel,
2019). According to Armey (1995), the effect of
government expenditures on growth is positive up
to a certain level, but if this optimal threshold is ex-
ceeded, the marginal contribution of government
expenditures decreases and affects growth nega-
tively (Asimakopoulos & Karavias, 2016). Inspired
by the Laffer curve, Armey (1995) tried to explain
the relationship between the size of government
and social welfare. According to him, the main role
of the state is to maintain social order, prevent an-
archy, and provide public services. However, when
it grows excessively beyond these roles, the state
starts to have a diminishing effect on both indi-
vidual freedoms and social welfare (Armey, 1995,
pp- 91-93). The existence of this nonlinear relation-
ship has been tested by empirical studies in many
countries and the idea that there is an optimal level
at which government expenditures support growth
has gained strength in the literature.

On the other hand, in the literature analysing the
effect of public sector size on economic growth, it is
observed that the optimal size levels differ depend-
ing on the type of government expenditure used. In
particular, estimations based on total government
expenditures, consumption expenditures, and in-
vestment expenditures are important for revealing
the extent to which the public sector affects growth
through different expenditure channels.

Empirical studies based on total aggregate govern-
ment expenditures show that the optimal size of
the public sector varies widely. For example, Altunc
and Aydin (2013) estimated optimal government
expenditure levels of 25.21% for Tirkiye, 20.44%
for Romania, and 22.45% for Bulgaria. Vedder and
Gallaway (1998) reported 17.45% for the United
States, 20.97% for the United Kingdom, 21.37% for
Canada, 26.14% for Denmark, 22.23% for Italy, and
19.43% for Sweden. In their study on EU countries,
Forte and Magazzino (2010) found that the rates at
which government expenditures supported growth
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the most were 35.39% (Belgium), 38.63% (Den-
mark), 41.99% (Germany), 44.47% (Ireland), and
43.50% (the United Kingdom). The fact that these
rates are quite high is due to the extent of welfare
state practices in Europe and the historically larger
role of the public sector. Sen et al. (2023) examine
the relationship between the size of the public sec-
tor and economic growth in Tiirkiye using annual
data from 1974 to 2019. In their study, they used to-
tal public expenditures and subcomponents of pub-
lic expenditures to represent the size of the public
sector and tested nonlinear effects using Hansen’s
threshold autoregression model. The findings re-
veal that there is an inverse U-shaped relationship
between the size of the public sector and economic
growth, consistent with the Armey/BARS curve,
and that the threshold values of the public sector
size that maximise growth vary between approxi-
mately 4.3% and 15.2%, depending on the indicator
used. Benazza & Layati (2025) analyse the relation-
ship between total public spending and economic
growth in Algeria using annual data from 1990 to
2021 within the framework of the Armey curve.
The findings show that there is an inverse U-shaped
relationship between public spending and growth,
and that the optimal level of public expenditure that
maximises growth is approximately 29.6%.

Studies based on government consumption expen-
ditures show that the optimal size values are con-
centrated at lower levels. In this context, in their
threshold regression analysis for the Taiwanese
economy, Chen & Lee (2005) found that the ef-
fect on growth becomes negative when the ratio
of government consumption expenditures to GDP
exceeds 14.97%. Samimi et al. (2010) conducted a
panel threshold analysis for eight Islamic countries
for the period 1980-2007 and their findings largely
support the nonlinear relationship predicted by the
Armey curve. Thresholds and effects by country are
determined as follows: Iran (24.6%, positive below
threshold and negative above the threshold), Pa-
kistan (11.9%, positive/negative), Turkiye (13.96%,
positive but not significant above the threshold),
Egypt (16.53%, positive/negative), Algeria (16.54%,
positive/negative), Indonesia (7.0%, positive/nega-
tive), Oman (26.11%, positive/negative), and Jor-
dan (26.09%, positive but not significant above
the threshold). These results reveal that the effect
of government expenditures on economic growth
is positive up to a certain level, but if this level is
exceeded, the effect turns negative. Abounoorie

& Nademi (2010) analysed the data for the Irani-
an economy for the period 1959-2006 and found
that the rate of government consumption expendi-
ture that supports economic growth the most is
23.60%. Chiou-Wei et al. (2010) found that govern-
ment consumption expenditure thresholds in East
Asian economies such as South Korea, Singapore,
and Taiwan are around 11.00 per cent, and showed
that low levels of such expenditures create a more
favourable environment for growth.

Working on large country panels, Asimakopoulos
& Karavias (2016) determined the threshold value
of consumption expenditures as 19.12% in devel-
oped countries and 17.96% in emerging countries
in their analysis for 129 countries. Thanh & Hoai
(2014) set the threshold value of consumption ex-
penditures at 25.69% in their threshold analysis
for ASEAN countries and stated that government
expenditures above this level restrain growth.
Varol Iyidogan & Turan (2017) tested the validity
of the Armey curve within the framework of the
threshold regression model using data for the pe-
riod 1998:1-2015:1 for the Turkish economy. The
findings of the study strongly suggest that there is
a nonlinear relationship between government ex-
penditures and economic growth. As a result of the
analyses, the optimal threshold level as a percent-
age of GDP was found to be 12.6% for government
consumption expenditures. Abdillah (2023) analy-
ses the relationship between public consumption
expenditures and economic growth in Indonesia
using data from 1966-2021 and the ARDL model.
The findings indicate that the Armey curve hy-
pothesis holds. Rashdan et al. (2024) examine the
relationship between public final consumption ex-
penditures and economic growth in Egypt using an-
nual data from 1990 to 2023. The findings obtained
using the ARDL cointegration method show that
government final consumption expenditures have a
negative and statistically significant effect on eco-
nomic growth in both the short and long term, and
that excessive public spending suppresses growth in
a manner consistent with the Armey curve.

These findings on government consumption ex-
penditures show that the optimal size of the public
sector may vary not only according to the level of
development of the country, but also according to
the quality of public services, efficiency of expen-
ditures, and governance structure. Nevertheless,
the general tendency is that consumption expendi-
tures support growth between 12% and 20%, while
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above this threshold, productivity losses, waste of
resources, and deterioration in cost efficiency may
have negative effects on growth. Moreover, consid-
ering the relative stability of consumption expen-
ditures, its role in ensuring the continuity of basic
public services such as health, education, and secu-
rity, and the long-term effects of these services on
growth, this expenditure item should be preferred
as a more meaningful indicator representing the
size of the public sector.

It is observed that the thresholds obtained in analy-
ses based on investment expenditures are lower
compared to consumption and total expenditures.
For example, Chen & Lee (2005) reported that the
threshold at which government investment expendi-
tures support growth is 7.30% for Taiwan. Abounoori
& Nademi (2010) show that the impact on growth
weakens if the threshold level, estimated at 8.00%
for Iran, is exceeded. This can be interpreted as in-
dicating that government investment expenditures
competes more directly with private sector invest-
ments, and that the type and quality of investment
matter. Similarly, Hok & Bartha (2023) examine the
nonlinear relationship between the size of the pub-
lic sector and economic growth for Cambodia us-
ing annual data from 1971 to 2015. In the study, the
size of the public sector is measured using two main
expenditure components: public final consumption
expenditures and public investment expenditures.
The findings reveal an inverse U-shaped relationship
with growth for both public consumption and public
investment expenditures; the threshold values that
maximise growth are approximately 5.4% for public
investments and approximately 7.2% for public final
consumption expenditures.

All these findings show that the optimal size of the
public sector varies significantly not only according
to the income level or institutional capacity of the
country, but also according to the type of govern-
ment expenditure used. When total expenditures
are considered, the optimal size ranges between
17% and 44%, while for consumption expenditures
it is generally concentrated in the range of 12% to
20%, and for investment expenditures it is even
lower, at 7% to 8%. This differentiation reveals that
the impact of the public sector on growth should
be evaluated on a component-by-component basis
and that policymakers should carefully review the
composition of expenditures.

This study defines the size of the public sector only
in terms of consumption expenditures. This choice

is based on the fact that consumption expenditures
more directly reflect the permanent and structural
effects of the public sector on the economy. Moreo-
ver, the relative stability of consumption expendi-
tures and their direct relationship with the provi-
sion of social services make this type of expenditure
a more reliable indicator for measuring the effects
on growth. Findings in the literature also show that
consumption expenditures support growth up to a
certain level, but if this level is exceeded, negative
effects emerge. Therefore, the choice of govern-
ment consumption expenditures as the focal point
of the study is based on both theoretical justifica-
tions and empirical evidence.

3. Methodology
3.1 Data

This study uses a balanced panel dataset covering
47 emerging countries over the period from 1991
to 2019. The data were compiled from two main
sources: the World Development Indicators (WDI)
and the Penn World Table (PWT, version 10.01).
The empirical strategy is grounded in the Armey
curve framework, which examines the nonlinear re-
lationship between government size and economic
performance. Accordingly, the dataset includes five
core macroeconomic variables. GDP per capita,
measured in constant 2015 US dollars, serves as
the dependent variable. Government consump-
tion expenditure, expressed as a percentage of GDP,
represents the size of the public sector. Adding an
employment-related variable to the model enables a
more accurate analysis of growth dynamics. Indeed,
according to Okun’s Law, higher growth rates re-
duce unemployment, while lower growth rates in-
crease unemployment (Vedder & Gallaway, 1998).
This situation points to the necessity of considering
labour market indicators in addition to the rela-
tionship between growth and government expen-
ditures. The employment-to-population ratio, cov-
ering individuals aged 15 and older, is included to
account for labour market dynamics. Capital stock
relative to real GDP represents capital intensity. To-
tal factor productivity (TFP) reflects the efficiency
of production and captures broader productivity ef-
fects beyond capital and labour inputs. All variables
are transformed into natural logarithms to address
heteroskedasticity, normalise scale differences, and
allow for elasticity interpretation of the estimated
coefficients.
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Table 1 Variable summary

Variable Description Source Unit/Measurement

Ingdp S;;ural logarithm of GDP per capita in constant 2015 WDI Constant 2015 US$
Natural logarithm of general government final con- N

Ingov sumption expenditure (% of GDP) WDI % of GDP

Instock Natural logarlthm. of capl'tal stock to real GDP ratio at PWT 10.01 | Ratio (millions 2017 US$)
constant 2017 national prices

Inemp Natural logarithm of employment-to-population ratio, WDI % (ILO modelled estimate)
ages 15+ (%)

Intfp Natural l‘ogarlthr.n of total factor productivity at con- PWT 1001 | Index (2017 = 1)
stant national prices

Note: WDI refers to the World Development Indicators, published by the World Bank.
PWT refers to the Penn World Table, version 10.01, developed by the University of Groningen.

Source: Authors’ own calculations

Table 2 presents summary statistics for the vari-
ables. Each variable shows considerable variation,
reflecting diverse economic conditions across
emerging economies. Skewness and kurtosis val-
ues deviate from those expected under normality,
with most variables exhibiting negative skewness
and kurtosis differing from 3. The Jarque-Bera tests

Table 2 Descriptive statistics

also confirm nonnormality at the 1% significance
level for all variables, except for the government
expenditure stock variable (Instock), which does
not reject the null hypothesis. To address these is-
sues, the analysis employs the Method of Moments
Quantile Regression (MMQREG), which is robust
to non-normality and heteroskedasticity.

Variable Obs Mean Std. Dev. Min Max Skewness | Kurtosis | JB p-value
Ingdp 1363 8.024 1.077 5.240 10.177 -0.352 2422 0.0000
Ingov 1363 2.638 0.356 0.716 3.582 -0.822 5.437 0.0000
Ingov2 1363 7.088 1.793 0.513 12.829 -0.112 3.548 0.0012
Instock 1363 1.127 0.397 -0.052 2.321 -0.131 3.034 0.1355
Inemp 1363 4.017 0.207 3.435 4.463 -0.371 2.563 0.0000
Intfp 1363 -0.018 0.181 -1.179 0.768 -0.404 7.613 0.0000

Source: Authors’ own calculations

3.2 Model

This study tests the Armey curve hypothesis, which
posits a nonlinear relationship between govern-
ment size and economic performance. According
to this framework, there exists an optimal level of
government expenditure that maximises economic
growth; beyond this point, additional government
activity becomes inefficient and harmful to output
(Armey, 1995; Pevcin, 2004; Bergh & Henrekson,
2011).

To capture this nonlinearity, the following quad-
ratic specification is employed:

Ingdp;, = a + B1lngov;, + B,Ilngov2;, + y,lnstock; +

+ v2lnemp; + yslntfp;, + & 1)

Here, « is the constant term, and and represent
the linear and quadratic effects of government
consumption, capturing the inverted-U pattern
proposed by the Armey curve. The variables corre-
spond to capital stock, employment, and total fac-
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tor productivity, respectively. Capital stock, reflect-
ing capital accumulation, is expected to positively
influence income, as emphasised in neoclassical
growth models (Solow, 1956; Mankiw et al., 1992).
The employment-to-population ratio, indicating
labour market engagement, should contribute posi-
tively to output, consistent with empirical growth
studies (Barro, 1990). TFP, measuring technologi-
cal efficiency, is a critical driver of long-run growth
(Solow, 1957). The subscripts i and t denote country
and year.

If the Armey curve holds, we expect > 0 and < 0,
indicating a non-monotonic relationship between
government size and growth. Given this quadratic
specification in the logarithm of government con-
sumption, the turning point in log terms is:

Ingov* =-B1 /2B, (2)

so that the optimal share of government consump-
tion in GDP is

gov* = exp(-f1/2p>). (3)

Empirical studies have consistently supported this
inverted-U shape. Jain et al. (2021) find the Armey
curve pattern holds in BRICS and other emerging
economies using GMM methods. Altunc & Aydin
(2013) report similar findings for Tiirkiye, Roma-
nia, and Bulgaria using the ARDL bounds testing
approach. Asimakopoulos & Karavias (2016) con-
firm the existence of an optimal government size
for both developed and emerging countries using a
nonlinear GMM framework. These studies provide
a broad empirical foundation for applying a nonlin-
ear specification to the government size—growth
relationship in the context of emerging countries.

3.3 Methodology

This study investigates the Armey curve hypoth-
esis, examining the nonlinear relationship between
government size and economic performance across
47 emerging countries from 1991 to 2019. A robust
econometric framework is implemented in two
stages to ensure reliable estimation. The first stage
involves diagnostic tests on the balanced panel data
to assess crosssectional dependence, slope heteroge-
neity, and stationarity, thereby establishing the suit-
ability of the data for analysis. The second stage ap-
plies the Method of Moments Quantile Regression
(MMQREGQG) to estimate the quadratic relationship
between government consumption and GDP per

capita, accounting for heterogeneity across income
distributions. Figure 1 outlines the econometric pro-
cedure, with details elaborated below.

Figure 1 Steps in research methodology

STEP 1 Data Collection
WDI & PWT 10.01, 47 countries, 1991-2019
r \
STEP 2 Descriptive Statistics
skewness, kurtosis, Jarque-Bera test
STEP 3 Cross-Sectional Dependence
Pesaran CD test
STEP 4 Slope Heterogeneity
Pesaran & Yamagata test
r ~
STEP 5 Unit Root Testing
Pesaran CIPS test
r A
STEP 6 Cointegration Analysis
Westerlund (2007) panel cointegration test
r N
STEP 7 Main Estimation
MMQREG - Machado & Santos Silva (2019)
r B
STEP 8 Robustness Checks
DOLS & FE with Driscoll-Kraay standard errors
N J

Source: Prepared by the authors

The analysis begins by examining cross-sectional
dependence, which arises when economic shocks
in one country are likely to affect others, potentially
biasing estimates if unaddressed (Pesaran, 2004). A
test developed by Pesaran (2004) evaluates the av-
erage correlation of residuals across units. The test
statistic is computed as follows:

2T N-1yN =
€sD = |55 G5 2 Py)s @)

where N represents the number of countries, T
denotes time periods, and is the pairwise corre-
lation coefficient of residuals. The null hypothesis
assumes no cross-sectional dependence, while re-
jection indicates interdependence, necessitating
methods robust to such effects.

The next step involves testing for slope heteroge-
neity, as uniform coefficients across countries may
not hold in diverse emerging economies. A test
by Pesaran & Yamagata (2008) evaluates whether
slope parameters vary across cross-sections, using
a modified statistic:

A= VN (22N, ()
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The adjusted version accounts for finite sample bias:

1
‘W(Zk(Tr-’I 1)) ’ (%S B ZK)’ (6)
where N is the number of countries, k is the num-
ber of regressors, T refers to time periods, and is
a modified Swamy statistic. The null hypothesis
suggests homogeneous slopes, while the alternative
posits heterogeneity, guiding the choice of estima-

tion techniques.

After addressing dependence and heterogeneity,
stationarity is then verified to ensure the variables
are suitable for long-run analysis. Given poten-
tial cross-sectional dependence, a test by Pesaran
(2007) augments individual unit root regressions
with cross-sectional averages, yielding a statistic:

CIPS = - ¥ CADF;. )

The null hypothesis of the CIPS test states that all
panel series contain a unit root (i.e., are nonstation-
ary). Rejection of the null hypothesis implies that
at least some cross-sectional units are stationary,
which supports the validity of further econometric
modelling involving level variables or cointegration
analysis.

Following the confirmation of unit root properties,
the Westerlund (2007) panel cointegration test is
used to investigate the presence of a long-run re-
lationship among the variables. Unlike first-gener-
ation panel tests, Westerlund’s approach accounts
for cross-sectional dependence and heterogene-
ity—key features in a panel of emerging economies
with diverse institutional and economic structures.
Using an error-correction framework, it tests the
null hypothesis of no cointegration by examining
whether deviations from equilibrium are corrected
over time. Group-mean statistics (Gt, Ga) assess
cointegration for at least one unit, while panel sta-
tistics (Pt, Pa) evaluate it for the entire panel. Coin-
tegration evidence supports employing MMQREG
to estimate long-run relationships across quantiles,
addressing panel heterogeneity.

In the second stage, MMQREG, proposed by
Machado & Santos Silva (2019), is applied to esti-
mate the nonlinear effects of government size on
economic growth across different quantiles of log
GDP per capita. MMQREG is advantageous for its
robustness to non-normality and heteroskedastic-
ity, as evidenced by the skewness and kurtosis of the
dataset, and its ability to capture varying impacts
of government size at different income levels. By
including fixed effects, it controls for unobserved

country-specific factors, reducing bias. The ap-
proach also ensures non-crossing quantile esti-
mates, enhancing reliability across the GDP distri-
bution. The model is specified as follows:

Q,(7IX) = (a; + 0:9(0)) + X' 4B + Z'1;yq(v), (8)

where and are fixed effects, includes government
expenditure, its square, capital stock, employment,
and TFP, is a subset of transformed variables, and
captures quantilespecific effects. Parameters are
estimated using the MMQREG procedure as a on-
estep generalised method-of-moments (GMM)/
method-of-moments estimator, following Machado
and Santos Silva (2019).

To ensure robustness, Dynamic OLS (DOLS), pro-
posed by Stock & Watson (1993), is employed as an
alternative estimator for the cointegrated relation-
ship among the variables. DOLS corrects for endo-
geneity and serial correlation by incorporating leads
and lags of differenced regressors, thereby address-
ing biases arising from interdependent variables.
Additionally, to account for cross-sectional de-
pendence, serial correlation, and heteroskedastic-
ity, the model is re-estimated using Driscoll-Kraay
(1998) standard errors. This approach ensures valid
inference in the presence of cross-unit interde-
pendence. Together, these estimators complement
the MMQREG framework by delivering consist-
ent long-run results, strengthening the empirical
analysis of the Armey curve’s nonlinear dynamics
in emerging economies.

A potential concern is the endogeneity of govern-
ment consumption, as fiscal policy may respond to
income dynamics and political-economy factors.
Our empirical strategy mitigates some of these is-
sues through the inclusion of standard growth con-
trols (capital, employment, and TFP), country fixed
effects and a cointegration framework in which the
long-run relationship is also estimated using DOLS
and Driscoll-Kraay standard errors. Nonetheless,
these features cannot fully eliminate reverse causal-
ity or omitted time-varying shocks. Accordingly, the
results should be interpreted as long-run conditional
associations rather than as strictly causal effects.

3.4 Findings

This section presents the findings of the economet-
ric analysis of the Armey curve hypothesis, examin-
ing the nonlinear relationship between government
size and economic performance across 47 emerging
countries from 1991 to 2019. The analysis follows
the two-stage methodology outlined earlier, begin-
ning with diagnostic tests to validate the panel data
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properties, followed by the Method of Moments
Quantile Regression (MMQREG) to estimate the
quadratic effects of government consumption.

We begin with testing for cross-sectional depend-
ence (CSD), essential for robust panel data estima-
tion. Table 3 presents the Pesaran (2004) CD test
results, which reject the null hypothesis of cross-

Table 3 CSD test analysis

sectional independence for most variables at the 1%
significance level, except for Inemp. The relatively
high mean absolute correlations, ranging from 0.35
to 0.76, confirm substantial interdependence among
the variables. These findings suggest that economic
shocks in one emerging country may influence oth-
ers, reflecting interconnected economies.

Variables CD-test mean abs (p)
Ingdp 99.928 *** 0.76
Ingov 10.835%** 0.35
Ingov2 11.104%** 0.36
Inemp 0.043 0.43
Instock 12147 0.44
Intfp 3.935%** 0.48
Note: ***, **, * denote statistical significance at the 1%, 5%, and 10% levels, respectively.

Source: Authors’ own calculations

Following the cross-sectional dependence test,
slope heterogeneity is examined to assess coeffi-
cient uniformity across countries. Table 4 reports
the Pesaran & Yamagata (2008) slope homogeneity
test results. The Delta statistic of 40.114 and the ad-
justed Delta statistic of 46.056, both with p-values

Table 4 Slope homogeneity test

of 0.000, strongly reject the null hypothesis of ho-
mogeneous slopes. The findings posit diverse eco-
nomic relationships across emerging economies,
supporting the use of heterogeneous estimation
methods.

Slope homogeneity tests Stat. p-value
Delta 40.114 0.000
adj. 46.056 0.000

Note: H, suggests that the slope coefficients are homogeneous.

Source: Authors’ own calculations

Stationarity is tested to ensure suitability for long-
run analysis. Table 5 reports the CIPS test results
(Pesaran, 2007), accounting for cross-sectional
dependence. At level, no variables are stationary

Table 5 Unit root test (CIPS)

under either intercept or intercept and trend speci-
fications. At first difference, all variables achieve
stationarity at the 1% significance level, justifying
the use of cointegration analysis in the next step.

Variables At level At level At first diff. At first diff .
Intercept Intercept & Trend Intercept & Trend
Ingdp -1.858 -2.003 -4.235%%*
Ingov -2.055 -2.400 -5.100%**
Ingov2 -2.060* -2.407 -5.138***
Inemp -1.164 -2.117 -3.813%**
Instock -1.421 -2.395 -4.403*** -4.582%#*
Intfp -1.570 -2.332 -4.622%%* -4.808***

Note: ***, **, * denote statistical significance at the 1%, 5%, and 10% levels, respectively.
Source: Authors’ own calculations
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Table 6 reports the results of the Westerlund (2007)
cointegration test. Given the earlier evidence of
cross-sectional dependence, interpretation relies
on the robust p-values. The robust p-values for Pt
and Pa are both 0.000, providing strong evidence
to reject the null hypothesis of no cointegration.
While Gt does not indicate significance (p = 0.600),
Ga shows moderate evidence against the null hy-
pothesis (p = 0.040). Overall, the results confirm
the presence of a long-run equilibrium relationship
among the variables.

Table 6 Westerlund (2007) bootstrap panel coin-
tegration

Statistics Value Z-value 1171-‘22111:::
Gt -0.902 15.727 0.600
Ga -0.183 14.198 0.040
Pt -3.525 15.638 0.000
Pa -0.328 11.667 0.000

Note: Tests HO: no cointegration. Robust p-values account for
cross-sectional dependence with 50 bootstrap replications.
Source: Authors’ own calculations

Prior diagnostics confirm cross-sectional de-
pendence, slope heterogeneity, first-difference
stationarity, and cointegration, ensuring robust
estimation. MMQREG captures distributional
heterogeneity, estimating effects at the 0.25, 0.50,
0.75, and 0.90 quantiles of log GDP per capita,

with results reported in Table 7. The coefficients
for government consumption and its square re-
veal a consistent inverted-U relationship, align-
ing with theoretical predictions (Armey, 1995).
The linear term is positive and significant at the
1% level, ranging from 0.657 at the 0.25 quantile
to 0.583 at the 0.90 quantile, indicating that gov-
ernment spending boosts output, particularly in
lower-income countries. The squared term is neg-
ative and significant at 1%, from -0.121 to -0.099
across quantiles, confirming diminishing returns
as government size grows. These findings support
the Armey curve hypothesis that beyond an opti-
mal threshold, government expenditure hampers
economic performance. Control variables exhibit
positive and significant effects at the 1% level,
with capital stock coefficients rising from 1.165 to
1.335, the employment ratio from 0.543 to 0.573,
and TFP from 1.846 to 1.918 across quantiles.
These align with neoclassical growth models (So-
low, 1956; Mankiw et al., 1992), emphasising fac-
tor accumulation and productivity as growth driv-
ers. Figure 2 visually complements the MMQREG
estimation by plotting the coefficient paths across
quantiles with 95% confidence bands. The bands
around the coefficients on Ingov and Ingov2 re-
main on the expected side of zero across the quan-
tile range (positive for the linear term and negative
for the quadratic term). This pattern supports the
presence of an inverted-U relationship and an in-
terior turning point for government consumption.

Table 7 MMQREG estimation results (quantiles 25, 50, 75, 90)

Var. Location Scale Q25 (1=0.25) Q50 (t=0.50) Q75 (1=0.75) Q90 (t=0.90)
Ingov 0.628*** -0.032 0.657*** 0.627%** 0.597%** 0.583***
(0.127) (0.071) (0.153) (0.126) (0.132) (0.146)
Ingov2 -0.112%** 0.010 -0.121%*%* -0.112%** -0.103*** -0.099%**
(0.028) (0.015) (0.033) (0.027) (0.029) (0.032)
Instock 1.232%##* 0.073%** 1.165%** 1.234#** 1.301%** 1.335%**
(0.043) (0.024) (0.052) (0.043) (0.044) (0.049)
Inemp 0.559%#* -0.016 0.573%** 0.558%** 0.543%** 0.536%**
(0.094) (0.053) (0.113) (0.094) (0.098) (0.108)
Intfp 1.8747%* 0.031 1.846*** 1.875%** 1.904** 1.918%**
(0.050) (0.028) (0.060) (0.050) (0.052) (0.057)
cons 3.564*** 0.122 3.453%%* 3.567*** 3.679%** 3.735%**
- (0.402) (0.225) (0.485) (0.401) (0.419) (0.463)
Threshold 15.10% 16.43% 18.14% 19.00%

Note: Coefficients are reported with robust standard errors in parentheses. *

*, * denote statistical significance at the

1%, 5%, and 10% levels, respectively. Threshold values are calculated using the formula exp (- $1/232), where 1 and 2
are coefficients on the linear and squared log terms of government expenditure.

Source: Authors’ own calculations
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The threshold estimates, calculated as exp(-f1/2p2
), range from 15.10% of GDP at the 0.25 quantile to
19.00% at the 0.90 quantile. This pattern suggests
that countries at higher quantiles may tolerate, or
even benefit from, relatively larger public sectors
before government spending begins to exert nega-
tive effects on growth. One possible explanation
relates to institutional and administrative capacity:
lower-quantile countries, which are likely to have
weaker governance and limited fiscal space, may
experience inefficiencies or crowding-out effects at
lower levels of expenditure (Barro, 1990). In con-
trast, higher-quantile countries may possess more
robust state capacity, better tax systems, and more
developed private sectors, allowing them to man-
age larger budgets without harming economic per-
formance (North, 1990; Bergh & Henrekson, 2011).
Additionally, the nature of public goods demanded
may shift with development. While lower-income
countries may only require basic services, such as
infrastructure and security, higher-income econo-
mies face demand for more complex and redistribu-
tive services, such as education, healthcare, and in-
novation support. This is consistent with Wagner’s
Law and Musgrave’s stages of public finance, which
posit that government expenditure tends to rise
with income levels and economic complexity.

Sectoral dynamics may also help explain the upward
shift in threshold levels. The estimated coefficients
for capital stock and total factor productivity (TFP)
increase across quantiles, from 1.165 and 1.846 at the

Figure 2 Quantile plots

Ingov Ingov2

0.25 quantile to 1.335 and 1.918 at the 0.90 quantile,
respectively. This suggests that growth in higher-
performing countries is increasingly driven by in-
vestment intensity and productivity gains. In these
contexts, government spending may be directed
toward infrastructure, education, and innovation—
areas that reinforce private sector development—
thus supporting a higher threshold. In contrast, at
the lower end of the distribution (e.g., Q25), labour
appears to play a more prominent role in driving
growth, as seen in the relatively higher coefficient on
the employment-to-population ratio (0.573 at Q25
compared to 0.536 at Q90). These economies are of-
ten more labour-intensive and less capitalrich, lim-
iting the growth-enhancing impact of government
investment. Additional spending beyond a certain
point may produce diminishing returns, especially
where institutional weaknesses and limited absorp-
tive capacity restrict effective allocation.

Finally, this upward shift in thresholds may reflect
differences in macroeconomic stability, open-
ness, and political economy factors (Rodrik, 1998).
Higher-quantile countries often have greater access
to credit markets (Reinhart & Rogoff, 2010), more
stable institutions, and stronger voter demand for
public services (Robinson & Acemoglu, 2012; Melt-
zer & Richard, 1981), all of which may support a
larger optimal government size. While part of the
pattern may also stem from the model’s sensitivity
to changes in coefficients, the consistency across
quantiles suggests an underlying economic logic.
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As a robustness check, the model is re-estimated
using DOLS and OLS with Driscoll-Kraay standard
errors, as reported in Table 8. DOLS accounts for
cointegration dynamics, while Driscoll-Kraay cor-
rects for cross-sectional dependence, serial cor-
relation, and heteroskedasticity in the panel. Both
estimators deliver the same qualitative pattern as

MMQREG, with a positive coefficient on Ingov
and a negative coefficient on Ingov2. Importantly,
the implied optimal government consumption
shares fall within the same 15-19 percent range as
the MMQREG-based thresholds, indicating that
the inverted-U relationship and estimated turning
points are robust to the choice of estimator.

Table 8 Robustness check: DOLS vs. Driscoll-Kraay estimations

Variable D?t{‘sst :Sef. DOLS p-value Driscog-_ls(::gly coef. Drii)c_(::;illf:aay
Ingov 3.33 (34.17) <0.0001 0.63 (4.55) 0.000
Ingov2 -0.57 (-31.16) <0.0001 -0.11 (-4.22) 0.000
Instock 0.32 (57.20) <0.0001 1.23 (22.02) 0.000
Inemp 0.77 (85.19) <0.0001 0.56 (5.59) 0.000
Intfp 1.12 (102.32) <0.0001 1.87 (81.53) 0.000
Threshold 18.56% 16.43%

Note: Threshold values are calculated using the formula exp (-f$1/2[32), where 1 and 32 are coefficients on the linear

and squared log terms of government expenditure.
Source: Authors’ own calculations

Overall, the MMQREG results provide strong
evidence in favour of the nonlinear Armey curve
hypothesis, revealing that the impact of govern-
ment size on growth varies across the income dis-
tribution. Lower quantiles exhibit lower optimal
thresholds, while higher quantiles display greater
fiscal tolerance, reflecting differences in structural
capacity and growth drivers. These distributional
insights, uniquely captured by the quantile-based
approach, emphasise the heterogeneity of fiscal-
growth dynamics in emerging economies. Ro-
bustness checks using DOLS and Driscoll-Kraay
estimators confirm the statistical significance and
directional consistency of the main coefficients at
the mean level. While these average-based estima-
tors do not capture distributional heterogeneity,
their alignment with MMQREG’s direction of ef-
fects strengthens confidence in the overall relation-
ship. The findings suggest that the growthmaximis-
ing size of government may vary with a country’s
level of development, supporting the case for dif-
ferentiated, context-aware fiscal strategies over uni-
versal policy prescriptions.

4. Conclusion

The impact of government expenditures on eco-
nomic growth is at the centre of fiscal policy debates.

Using a balanced panel of 47 emerging economies
from 1991-2019, we estimate a long-run cointegrat-
ing relationship between government consumption
as a share of GDP and log GDP per capita, control-
ling for capital intensity, employment, and TFP. Di-
agnostic tests indicate cross-sectional dependence,
slope heterogeneity, and I(1) behaviour, but also
strong evidence of cointegration. We therefore ap-
ply Machado and Santos Silva’s (2019) methodofmo-
ments quantile regression with country fixed effects
to obtain heterogeneous long-run effects across the
conditional income distribution.

The results show a statistically robust inverted-
U relationship consistent with the Armey curve,
with growth-maximising government consumption
thresholds rising from about 15% of GDP at lower
income quantiles to about 19% at higher quantiles.
Panel DOLS and Driscoll-Kraay FE estimates de-
liver similar nonlinearities at the mean, reinforcing
the main conclusions. Taken together, these results
reveal that the impact of government expenditures
on economic performance varies according to the
structural and economic characteristics within
countries, thus it is not possible to determine a
“one-size-fits-all” optimal ratio.

The differentiated thresholds observed across in-
come groups carry important implications for fiscal
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policy design. In lower-income developing econo-
mies, where the growth-maximising government
size is estimated to be around 15% of GDP, public
expenditure should prioritise efficiency-enhancing
reforms and be directed toward high-return areas
such as basic infrastructure, primary education,
and essential health services. These economies
commonly face weaker institutional capacity and
limited absorptive ability, increasing the likeli-
hood of diminishing returns when government
spending expands too rapidly. By contrast, higher-
income emerging economies, where the threshold
approaches 19%, tend to exhibit stronger adminis-
trative capacity, more advanced fiscal systems, and
growth dynamics driven increasingly by capital ac-
cumulation and total factor productivity. In such
contexts, governments may sustain moderately
larger levels of public expenditure without incur-
ring efficiency losses, if resources are channelled
toward productivity-enhancing sectors. Overall,
the findings underscore that optimal fiscal design is
inherently context-dependent: policymakers must
consider not only the level of government spend-
ing but also governance quality, sectoral priorities,
and the structural characteristics that determine
how public expenditure translates into economic
performance.

In methodological terms, the MMQREG framework
does not provide strict causal identification, but
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