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Abstract
This study aims to construct a sound theory of consumption convergence and empir-
ically test its viability. To do this, we employ a Solovian framework in which the 
Keynesian exogenous savings-consumption allocation rule plays a crucial role. We 
demonstrate that consumption convergence performance is determined by both the 
average propensity to save (the indirect effect) and the average propensity to con-
sume (the direct effect).  In the empirical section, we use a system GMM estima-
tor to test our consumption convergence equation on a panel data set of 177 coun-
tries and four income groups from 1970 to 2019. Our empirical findings indicate 
(i) absolute consumption convergence within high- and low-income country groups; 
(ii) strong evidence of conditional consumption convergence within high-, upper-
middle-, and lower-middle-income groups; (iii) a robust and significant effect of the 
average propensity to save on the convergence process in high-, upper-middle-, and 
lower-middle-income groups; and (iv) a more robust and significant effect of the 
average propensity to consume in upper-middle- and lower-middle-income coun-
tries. In summary, we find that as income rises, the indirect impact plays a larger role 
in explaining consumption convergence, whereas the direct effect plays a smaller 
role. The policy implication of this conclusion is that policy makers in upper-mid-
dle- and lower-middle-income countries should restore the balance in the tradeoff 
between current and future consumption in favor of savings, as the former will harm 
consumption convergence within each middle-income group.

Keywords Solow model · Consumption convergence · �-convergence · Average 
propensity to save · Average propensity to consume · Dynamic panel data · One-step 
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1 Introduction

The income convergence argument has largely become the empirical cornerstone 
of neoclassical growth theory. The ongoing research on income convergence is 
looking for the drivers of income differences across countries. There is an obvi-
ous reason for this. According to the data on income per capita in constant 2015 
U.S. dollars, the gap between high-income and other income groups has widened 
rather than narrowed through the period 1970–2019. The average per capita income 
during these 50 years was 29,492 dollars in high-income countries, 3854 dollars 
in upper-middle-income countries, 1245 dollars in lower-middle-income countries, 
and just 713 dollars in low-income countries (World Bank 2023a). In addition, low-
income countries only received 1% of the worldwide per capita income in 2019, 
compared to 78% for high-income countries. In this context, research on conver-
gence offers a useful tool for better understanding the factors that influence con-
vergence and divergence patterns in living standards within income groups and for 
producing policy recommendations that could eventually help countries close their 
income gaps .

The aim of this work is to broaden the theoretical and empirical framework of 
income convergence by studying convergence in consumption expenditures. We are 
aware of the strong positive correlation between income and consumption. Thus, 
finding evidence of consumption convergence may be considered similar to finding 
evidence of income convergence. However, this is not true for two reasons. First, 
consumption spending reflects welfare, whereas income is supposed to represent 
living standards (Deaton 1992, 2003; Attanasio and Pistaferri 2016). Second, con-
sumption is less prone to variations in trend than income (Hall 1978; Campbell and 
Deaton 1989). Therefore, even if there is a significant positive relationship between 
consumption and income, studying consumption convergence is different from ana-
lyzing income convergence. Accordingly, the primary goal of this work is to develop 
a theoretically supported consumption convergence equation and then examine 
whether, over a 50-year period, countries’ per capita consumption expenditures have 
converged globally and within four income categories.

A short summary of our study is as follows: Following the standard Solovian 
setup, we develop a consumption convergence equation conditional on the average 
propensity to save and the average propensity to consume, among others. We inter-
pret the former as the indirect determinant of consumption convergence, as a higher 
savings rate stimulates consumption through elevated capital accumulation, and the 
latter as the direct determinant of consumption convergence, as it straightly stimu-
lates consumption behavior. In the empirical part, over the period 1970–2019, we 
test the existence of both absolute and conditional convergence in per capita con-
sumption expenditures globally for a panel of 177 countries and for four income 
groups. In each empirical test, we employ a dynamic panel data estimator, the sys-
tem GMM, due to its superior features for convergence empirics. System GMM 
enables us to overcome some major issues faced by traditional cross-sectional and 
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pooled panel estimators, including unobserved heterogeneity bias, the endogeneity 
of regressors, correlated individual effects, and potential measurement errors. Com-
pared to other dynamic panel data estimators, it also provides a unique tool to obtain 
more efficient and robust estimates by allowing the inclusion of more instruments 
and improving precision, even when the panel is short (Blundell and Bond 2000). 
Some of the results of our study are as follows: First, there is absolute consumption 
convergence within high- and low-income country groups. Second, there is strong 
evidence of conditional consumption convergence within high-, upper-middle-, and 
lower-middle-income groups, shortly the three income groups from now on. Third, 
the average propensity to save is significant in explaining consumption convergence 
in the three income groups. Fourth, the average propensity to consume plays a more 
significant and apparent role in explaining convergence patterns in the upper-mid-
dle- and lower-middle-income groups. Lastly, when considering openness to trade 
as a control variable, the implied rates of convergence display varied patterns for 
each income group without a discernible trend.

The study contributes to the literature in five ways. First, we develop a novel con-
sumption convergence equation via exploiting the well-established Solovian frame-
work. The innovation in our approach is the use of the Keynesian savings-consump-
tion allocation to derive the consumption convergence equation in the traditional 
Solovian framework. A limited number of studies in the literature empirically address 
this issue, but, to our best knowledge, none present a consumption convergence equa-
tion supported by a theory. Disappointingly, due to the lack of a theoretically sup-
ported convergence equation, they empirically mimic one-to-one the standard income 
convergence equation, ignoring the role of the direct effect in consumption conver-
gence. Consequently, our study provides a testable, solid equation for studies on con-
sumption convergence and fills an important gap in the growth literature. Secondly, 
this study uses aggregate per capita consumption expenditure to test convergence, 
unlike the majority of related studies, which instead employ a subset of consumer 
product categories. Third, we employ a more efficient and robust dynamic panel esti-
mator, the system GMM, to overcome the shortcomings of the previous approaches. 
Fourth, compared to other studies, our empirical analyses cover a large global scale, a 
total of 177 countries, and four income groups to test consumption convergence pat-
terns. Finally, our sample covers an extended period of 50 years.

The organization of the paper is as follows: The next section presents a brief lit-
erature review of the studies on consumption convergence. Section 3 develops a the-
ory-backed consumption convergence equation. Section 4 explains the methodology, 
describes the data, and reports the empirical findings. Section 5 concludes the study 
and makes a policy suggestion.

2  Literature review

Following Solow (1956) and Swan (1956), a large number of growth studies have 
aimed to test the �-convergence hypothesis in per capita incomes across countries 
and revealed that the income convergence hypothesis is valid among structurally 
similar countries or regions (Sala-i-Martin 1990, 1996; Barro 1991; Mankiw et al. 
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1992; Barro and Sala-i-Martin 1991, 1992a, 1992b, 1995; Evans and Karras 1996, 
among others). Although income convergence was tested in a vast number of studies, 
there were far fewer empirical studies on consumption convergence in the related lit-
erature. Furthermore, only a minority of these have attempted to examine patterns of 
aggregate consumption expenditures. More importantly, none of these studies have 
provided a theoretical background. For instance, Carruth et al. (1999) analyzed con-
vergence in aggregate per capita consumption expenditures for 15 EU countries over 
the period 1955–1992 by employing a generalized least squares (GLS) estimator. 
Their results showed no evidence of convergence across the EU countries. Dholakia 
and Talukdar (2004), using annual data from 22 major emerging economies and the 
U.S., investigated the convergence patterns in aggregate per capita consumption lev-
els for the period 1993–1997. Taking the difference in aggregate consumption levels 
between the U.S. and other sample countries as the dependent variable, their find-
ings showed that consumption expenditures in the emerging economies converge to 
those of the U.S. More recently, Das et  al. (2016) investigated whether the levels 
of households’ consumption expenditures in 23 middle- and low-income countries 
are converging to those in 17 high-income countries for the period 1980–2013. In 
their study, they analyzed both absolute and conditional �-convergence, �-conver-
gence, and � - convergence. The results of the study revealed that, if all 40 countries 
are included in the analysis, there is no evidence of absolute � - and �-convergence 
across the sample countries, but there is significant conditional � - and � - conver-
gence. However, by income groups, their findings showed that all groups of coun-
tries are converging in an absolute sense.

The majority of the studies on consumption convergence have concentrated only 
on a subset of consumer product categories. As they are only slightly relevant to 
our study, we will only provide a brief overview of them. Smith et al. (1999), Wan 
(2005), Aizenman and Brooks (2008), and Holmes and Anderson (2017) investigated 
consumption convergence in alcohol products; Kramper (2000) in durables; Bland-
ford (1984), Herrmann and Röder (1995), Gil et al. (1995), and Elsner and Hartmann 
(1998) in food consumption; Dholakia and Talukdar (2004) in soft drinks; Buongiorno 
(2009) in the consumption of forest products; and De Mooij (2003), Kónya and Ohashi 
(2007), Waheeduzzaman (2011), Nowak and Kochkova (2011), Michail (2020), and 
Ozturk et al. (2021) in a mix of multiple product categories.1 All these studies used 
a small set of cross-sectional data to test the convergence patterns in consumption 
expenditures for a single product or product categories. Furthermore, instead of using 
aggregate measures, these studies generally used the sub-categories of consumer prod-
ucts to measure consumption expenditures, which in turn makes it difficult to assess 
the findings from a macro perspective. Moreover, the empirical approaches of these 
studies generally relied on cross-sectional and pooled panel methodologies, except for 
a few that used descriptive methods or unit root testing procedures. However, while 
cross-sectional approaches ignore the differences in the initial level of technology and 
assume that other regressors are constant for the entire sample period, pooled panel 
approaches suffer from heterogeneity and dynamic panel bias. Therefore, this study 

1 Ozturk et al. (2021) provided a detailed overview of the previous studies on consumption convergence 
(Table 1, pp. 110–111).
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investigates whether aggregate per capita consumption expenditures converge across 
the globe and within four income groups over a 50-year period, deviating from previ-
ous consumption convergence research by employing a dynamic panel data estimator 

Table 1  Descriptive statistics

Obs., Std. Dev., Min., and Max. denote the number of observations, the standard deviation, the mini-
mum, and the maximum, respectively

Country groups Variables Obs. Mean Std. Dev. Min. Max.

Global sample ci, t(millions, US$) 8360 10946.08 10654.38 219.92 54663.66
apsi,t(%) 8356 21.80 10.76 0.45 92.54
ni,t(%) 8274 1.73 1.46 −5.39 9.67
�i,t(%) 8361 4.36 1.30 1.25 9.74
apc1

i,t
(%) 8317 82.66 20.76 10.96 160.41

apc2
i,t

(%) 8352 62.43 17.61 2.60 140.86
openi,t(%) 8344 55.10 52.80 0.04 477.27

High−income ci,t(millions, US$) 2999 21866.31 10137.12 2851.53 54663.66
apsi,t(%) 3000 27.21 9.36 4.20 85.47
ni,t(%) 2956 1.22 1.60 −3.52 9.67
�i,t(%) 3010 4.12 1.12 2.08 9.46
apc1

i,t
(%) 2991 75.44 21.39 10.96 160.41

apc2
i,t

(%) 2996 54.26 15.32 3.79 139.76
openi,t(%) 2994 88.80 65.47 0.42 477.27

Upper−middle−income ci,t(millions, US$) 2130 7985.84 4105.40 315.22 24725.61
apsi,t(%) 2127 20.48 8.40 0.45 61.00
ni,t(%) 2107 1.51 1.38 −4.28 8.28
�i,t(%) 2120 4.54 1.29 2.42 9.74
apc1

i,t
(%) 2126 81.98 21.44 15.47 159.44

apc2
i,t

(%) 2128 61.87 17.18 2.60 140.86
openi,t(%) 2119 45.76 32.29 0.04 286.80

Lower−middle−income ci,t(millions, US$) 2070 3425.18 2031.28 219.92 12943.16
apsi,t(%) 2068 19.73 12.19 1.20 92.54
ni,t(%) 2054 2.18 1.06 −3.32 9.26
�i,t(%) 2070 4.72 1.36 2.53 9.31
apc1

i,t
(%) 2059 87.51 16.72 15.18 159.46

apc2
i,t

(%) 2069 66.37 16.26 8.15 129.38
openi,t(%) 2070 33.39 31.76 0.11 369.46

Low−income ci,t(millions, US$) 1161 1578.12 975.66 236.76 6331.87
apsi,t(%) 1161 13.92 8.02 1.35 52.60
ni,t(%) 1157 2.65 1.12 −5.39 8.46
�i,t(%) 1161 4.04 1.41 1.25 8.37
apc1

i,t
(%) 1141 94.11 16.48 44.23 159.41

apc2
i,t

(%) 1159 77.52 13.69 33.13 138.56
openi,t(%) 1161 23.93 19.62 2.14 132.16
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to test the convergence equation derived through exploiting the Solow growth model. 
Unlike the above studies, this study provides a testable, theory-backed equation of 
consumption convergence that considers not only the role of the average propensity to 
save but also to consume.

3  The model

Consider a closed Solovian economy in which the production function is defined as 
follows:

where Yt is the total output, Kt is the physical capital, Lt is the total labor force aug-
mented by the technology At , � is the output elasticity of the physical capital, and t 
represents time.2 We assume that the output Yt is produced by the inputs Kt and Lt 
in Cobb–Douglas form. The Cobb–Douglas form guarantees that all factors of pro-
duction are essential and that the real profit is zero. The total labor force Lt and the 
technological progress At are defined as Lt = L0e

nt and At = A0e
xt , where L0 and A0 

are the initial values and n and x are the exogenous growth rates of the labor force 
and technology, respectively.

Under the assumption of a closed economy without government, macroeconomic 
equilibrium implies that total output Yt is equal to aggregate expenditure, 
AEt = Ct + It , where Ct and It represent consumption expenditure and gross invest-
ment, respectively. As Yt is allocated between consumption expenditure Ct and savings 
St , macroeconomic equilibrium implies a savings-investment identity, St = It . Assume 
that, in accordance with the standard Solovian framework, savings are a fixed propor-
tion of income, St = sYt , where 0 < s < 1 is a constant. Additionally, assume that 
gross investment is equal to net investment plus depreciation, It = K̇t + 𝛿Kt , where K̇t 
is the net investment, � is the depreciation rate, and a dot on top of a variable denotes 
the time derivative of the variable. The savings-investment identity can then be written 
as sYt = K̇t + 𝛿Kt . Therefore, K̇t = sK𝛼

t

(

AtLt
)1−𝛼

− 𝛿Kt is the fundamental equation 

of growth. Dividing both sides by AtLt leads to K̇t

AtLt
= s

(

Kt

AtLt

)𝛼

− 𝛿
(

Kt

AtLt

)

 . Let us now 

define k̃t =
Kt

AtLt
 , which implies K̇t

AtLt
= �̇kt + (n + x)�kt . Hence, the capital accumulation 

function in terms of per effective capita is �̇kt = s�k𝛼
t
− (n + 𝛿 + x)�kt , or 

�̇kt
�kt
= s�k𝛼−1

t
− (n + 𝛿 + x) in growth form, where 

�̇kt
�kt

 is the growth rate of capital per 
effective capita. We note that the production function in terms of per effective capita is 
ỹt = k̃�

t
 , where ỹt =

Yt

AtLt
 . It is well known that the capital accumulation function in 

terms of per effective capita does not lead to long-run growth and approaches the 

(1)Yt = K�
t

(

AtLt
)1−�

2 The labor force and population are assumed to be the same, just like in the standard Solow model.
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equilibrium value k̃∗ =
(

s

n+�+x

)
1

1−� at infinity, which immediately implies 

ỹ∗ =
(

s

n+�+x

)
�

1−�.
Let us now derive the consumption-convergence equation. We first note that the 

log-differentiation of the production function is �̇yt
�yt
= 𝛼

(

�̇kt
�kt

)

 , where �̇yt
�yt

 is the growth 

rate of output per effective capita. Using ỹt = k̃�
t
 to eliminate k̃t and 

�̇kt
�kt
=

1

𝛼

�̇yt

�yt
 to elimi-

nate 
�̇kt
�kt

 in the accumulation function in growth form, one obtains 

�̇yt

�yt
= 𝛼

[

s�y
𝛼−1

𝛼

t − (n + 𝛿 + x)

]

 . As the exogenous consumption-savings tradeoff implies 

Ct = (1 − s)Yt in aggregates or c̃t = (1 − s)̃yt in terms of per effective capita, where 
c̃t =

Ct

AtLt
 , the dynamic equation can also be expressed as3:

Let us now rewrite Eq. (2) in its log form as dLn[c̃t]
dt

= �

[

s(1 − s)
1−�

� e

(

�−1

�

)

Ln[c̃t] − (n + � + x)

]

≡ �
(

Ln
[

c̃
t

]) . The first-order Taylor series approximation of this equation is 
dLn[c̃t]

dt
≈ �

(

Ln
[

c̃
∗
])

+ ��
(

Ln
[

c̃
∗
])[

Ln
[

c̃
t

]

− Ln
[

c̃
∗
]] , where c̃∗ = (1 − s)̃y∗ . It is straightfor-

ward to show that �
(

Ln
[

c̃∗
])

= 0 and ��
(

Ln
[

c̃∗
])

= −(1 − �)(n + � + x) . Hence, the 
first-order Taylor approximation of Eq.  (2) is dLn[c̃t]

dt
≈ −v

[

Ln
[

c̃
t

]

− Ln
[

c̃
∗
]]

 , where 

v = (1 − �)(n + � + x) . The convergence rate is d(�̇ct∕�ct)

dln(�ct∕�c
∗)
≅ −v , which shows the rate at 

which an economy’s consumption per effective capita approaches its steady-state 
value. Given v , an economy farther (closer) to its steady-state level will have a higher 
(lower) growth rate. We observe that, given the effective depreciation rate, the higher 
the production elasticity of capital, the lower the convergence rate. The differential can 
be solved straightforwardly. To this end, let us first define zt = Ln

[

c̃t
]

 and b = �Ln
[

c̃∗
]

 , 
which allows us to express the above equation as żt = −𝜈zt + b . After applying the 

(2)
�̇ct

�ct
= 𝛼

[

s(1 − s)
1−𝛼

𝛼 �c
𝛼−1

𝛼

t − (n + 𝛿 + x)

]

3 We are aware that the sum of the average propensity to consume (apc) and the average propensity to 
save  (aps) does not equal unity when the model is expanded, for example, by including public spending 
and/or international trade. Adding one or both to the model, however, does not only lead to a deviation of 
apc from 1 − aps but also distorts the entire setup. As an example, suppose that there is a government in 
the model. The macroeconomic equilibrium implies Yt = Ct + It + Gt , where Gt represents government 
expenditure, and the saving-investment identity becomes St +

(

Tt − Gt

)

= It , where St is savings and Tt 
is taxes net of transfers and interest on the government debt. Clearly, it is not anymore possible to assume 
that apc = 1 − aps , as St

Yt
+

(Tt−Gt)
Yt

= 1 −
Ct

Yt
−

Gt

Yt
 for an unbalanced budget. Furthermore, 

K̇t = Yt − Ct − Gt − 𝛿Kt , which needs a definition of Gt and will lead to a significant alteration in the 
consumption convergence equation. As a final note, the model is not interesting when tax revenue is pro-
portional to income, Tt = �Yt , where � is the income tax rate, and budget is balanced because then 
K̇t = (1 − 𝜏)sYt − 𝛿Kt and there is no qualitative change in the consumption convergence equation and 
the implied convergence rate. As a result, we avoid these extensions in this paper.
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integrating factor method, Ln
[

c̃
t

]

= Ln
[

c̃
∗
]

+ e
−�t

con is obtained, where con repre-
sents an arbitrary constant. Finally, following Islam (1995), assume that t1 and t2 are 
two points in time such that t2 > t1 and � = t2 − t1 . Subsequently, one can obtain the 
following consumption-convergence equation:

Replacing the value for Ln
[

c̃∗
]

 and transforming Eq.  (3) into per capita terms 
gives

In Eq. (4), ct is the real per capita consumption. Hence, the left-hand side of Eq. (4) 
is the growth rate of per capita consumption, and the determinants of conditional con-
sumption convergence are on the right-hand side of the equation. We call the coef-
ficient of Ln[s] the indirect effect and the coefficient of Ln[1 − s] the direct effect. We 
call the former the indirect effect because it stimulates consumption convergence by 
increasing production through capital accumulation, and we call the latter the direct 
effect because it fosters consumption convergence directly. The introduction of the 
direct effect is the novelty of the consumption convergence equation in our study.

4  Methodology, data, and findings

The following dynamic panel specification is used to empirically test the consump-
tion convergence equation given in Eq. (4)4:

In Eq.  (5), the dependent variable is the log of real per capita consumption at 
each time period �.5 �1 = e−�� is the coefficient of the log of the previous period’s 
per capita consumption and is theoretically expected to be 0 < 𝛽1 < 1 in line with 

(3)Ln
[

c̃t2

]

− Ln
[

c̃t1

]

= −(1 − e−��)Ln
[

c̃t1

]

+ (1 − e−��)Ln
[

c̃∗
]

(4)

Ln
[

ct2
]

− Ln
[

ct1
]

= − (1 − e−��)Ln
[

ct1
]

+ (1 − e−��) �
1 − �

Ln[s]

− (1 − e−��) �
1 − �

Ln[n + � + x]

+ (1 − e−��)Ln[1 − s] + (1 − e−v�)A0 + x
(

t2 − e−v� t1
)

(5)
Ln

[

ci,t
]

= �1Ln
[

ci,t−1
]

+ �2Ln
[

apsi,t
]

+ �3Ln
[

ni,t + �i,t + x
]

+ �4Ln
[

apci,t
]

+ Ln
[

Zi,t
]

+�i + �t + �i,t

4 Although the left-hand side of Eq. (4) gives the growth rate of per capita consumption, following Islam 
(1995), we use its alternative form given in Eq. (5) in the empirical analyses to be able to employ a dynamic 
panel data model, which produces more efficient results in convergence studies (Islam 1995, p. 1136).
5 As in Eq. (3) and Eq. (4), t1 and t2 are two points in time such that t2 > t1 and the time difference is con-
stant between these two points, � = t2 − t1 . In empirical analyses, we opt for non-overlapping 3-year time 
intervals to express the time dimension of our sample data and, hence, � = t2 − t1 = 3 in our analyses. 
This is a traditional practice in convergence studies following Islam (1995), in particular for the studies 
that use micro panels in their empirical analyses. In this study, we also use the system GMM, a dynamic 
micro-panel data methodology that is highly suggested for use in Solow convergence studies due to its 
superior features compared to its counterparts (Bond et al. 2001).
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the convergence idea.6 �2 =
�

1−�
(1 − e

−v�) is the coefficient of the average propensity 
to save, aps , the indirect determinant of consumption convergence, as its effect is 
observed only after accumulated capital increases consumption through increased 
production. We expect that aps has a positive effect on consumption convergence, 
i.e., 𝛽2 > 0 . �3 = −

�

1−�
(1 − e−v�) shows the effect of the effective depreciation rate 

on consumption, which is the population growth rate augmented by the country- 
and year-specific depreciation rates plus the rate of technological progress and is 
expected to be negative. �4 = (1 − e−v�) is the coefficient of the average propensity 
to consume, apc , which we consider the direct determinant of consumption con-
vergence as it straightly affects consumption. We expect that 𝛽4 > 0 . Zi,t represents 
the vector of control variables, which includes trade openness in our case and is 
expected to have a positive effect on per capita real consumption expenditures. Fur-
thermore, �i = (1 − e−v�)ln

(

A0

)

 corresponds to the unobserved effects on total factor 
productivity due to country-specific omitted factors, and �t = x

(

t2 − e−v� t1
)

 captures 
the impact of a potentially wide set of macroeconomic shocks occurring in period 
t on consumption that are common to all countries in the sample, i.e., country- and 
time-specific fixed effects, respectively. Lastly, �i,t denotes the idiosyncratic shocks, 
i indicates the cross-sectional units, each � corresponds to a 3-year period, and t 
denotes non-overlapping time points.

4.1  Methodology

The system GMM approach, a dynamic panel data methodology developed by 
Arellano and Bover (1995) and Blundell and Bond (1998), is employed in this 
study to estimate the consumption convergence equation given in Eq. (5). The sys-
tem GMM estimator, which produces more reliable estimates compared to other 
panel data estimators, is highly recommended in empirical growth models due to 
its superior finite sample properties (Blundell and Bond 1998; Bond et al. 2001; 
Roodman 2009b). For instance, OLS and Within-Group (WG) estimators produce 
biased and inconsistent estimates in a dynamic panel data framework.7 The omis-
sion of unobserved heterogeneity causes OLS estimates to be upwardly biased 
due to a positive correlation between the lagged dependent variable and the error 
term containing unobserved individual-specific effects (Hsiao 1986). On the other 
hand, the WG estimator produces a downwardly biased estimate of the coefficient 
on the lagged dependent variable due to a dynamic panel bias originating from 
the correlation between the lagged dependent variable and the error term in the 
elimination process of unobserved heterogeneity when the time dimension is fixed 
(Nickell 1981). Furthermore, the estimator also results in an endogeneity bias in 
cases where the panel is short, particularly because of the inclusion of the lagged 
dependent variable among other potential sources of endogeneity.

6 Note that 𝛽1 > 1 implies divergence.
7 The Between-Group estimator also results in an upwardly biased estimate in a dynamic and short panel 
case (Mátyás and Sevestre 2008).
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Several dynamic panel estimators have been developed prior to system GMM to over-
come the deficiencies of the previous approaches. However, although these estimators 
offer a partial solution to the problem of endogeneity, they all suffer from a finite sam-
ple bias and low precision in cases where the individual series are highly persistent, the 
instruments are weak, and the time dimension is fixed (Blundell and Bond 2000; Blun-
dell et al. 2001; Mátyás and Sevestre 2008). For instance, the coefficient of the lagged 
dependent variable estimated by the difference GMM tends to be downward biased 
towards the WG estimator when the instruments are weak and the number of observa-
tions in the time dimension is small (Blundell and Bond 1998; Bond et al. 2001; Bond 
2002). In this sense, the system GMM estimator is more efficient than the difference 
GMM estimator since it (i) allows the inclusion of more instruments by assuming that 
the first differences of the instruments are uncorrelated with the fixed effects (Roodman 
2009a), (ii) uses extra moment conditions suggested by Ahn and Schmidt (1995, 1997), 
which dramatically improve the precision of the standard first difference estimators, and 
hence (iii) reduces the finite-sample bias and improves the precision, even for short pan-
els and highly persistent series (Blundell and Bond 2000; Bond et al. 2001).

Accordingly, this study employs the system GMM approach, which has become 
more prevalent in convergence studies in recent decades (Levine et  al. 2000; Bond 
et al. 2001; Hoeffler 2002; Ding and Knight 2009, 2011, among others). It is designed 
for micro panels and allows the regression equation to include (i) independent vari-
ables that are not strictly exogenous and (ii) individual fixed effects by assuming no 
correlation between the first-differenced instrumental variables and the fixed effects 
(Blundell and Bond 1998). It further provides consistent and efficient parameter esti-
mates in the presence of heteroscedasticity and autocorrelation within individuals 
(Roodman 2009a). The consistency of the system GMM depends on the validity of 
the following four key conditions: First, there should be no second-order serial cor-
relation ( AR(2) ), although first-order autocorrelation ( AR(1) ) may be expected due to 
the inclusion of the lagged dependent variable. To check for this condition, the Arel-
lano and Bond (1991) test is applied to the disturbances in differences to detect the 
first- and second-order autocorrelation under the null hypothesis of no autocorrelation. 
Second, the instruments should not be correlated with the error term. Hence, the valid-
ity of the instrument set is tested by using the Hansen (1982) J-test of over-identify-
ing restrictions under the null hypothesis that the error terms are uncorrelated with 
the instruments.8 Third, the additional moment restrictions proposed by Blundell and 
Bond (1998) must be valid. Therefore, the difference-in-Hansen test is used to test the 
validity of these additional moment conditions. Lastly, as a rule of thumb, the number 
of instruments must be less than or equal to the number of groups to avoid overfitting 
endogenous variables (Roodman 2009b).

4.2  Data

This study employs a panel data set of 177 countries, the global sample, over 
a 50-year period (= 17 time points) between 1970 and 2019. The sample is 

8 The test was first proposed by Sargan (1958) and extended to the more general nonlinear GMM frame-
work by Hansen (1982).
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further divided into four income groups (high, upper-middle, lower-middle, and 
low) according to the World Bank’s classification for 2019 (World Bank 2023b).9 
Consequently, Eq.  (5) is estimated both for the global sample, which includes all 
177 countries, and also for the four income groups.10 The real per capita consump-
tion ( ci,t ) is calculated by dividing the real consumption (in millions, 2017 US dol-
lars) by the total population (in millions). The percentage share of gross capital for-
mation at current purchasing power parities (PPPs) is used as a proxy for the average 
propensity to save ( apsi,t ). The effective depreciation rate, ni,t + �i,t + x , is obtained 
as the sum of the population growth rate ( ni,t ) calculated from the data on total pop-
ulation (in millions) plus country- and year-specific average depreciation rates of 
the capital stock ( �i,t ) and the rate of technological progress, which is assumed to be 
0.02 following Mankiw et al. (1992). Two different measures are used for the aver-
age propensity to consume: the percentage share of real consumption in real income 
( apc1

i,t
 ) and the percentage share of household consumption at current PPPs ( apc2

i,t
 ). 

The apc1
i,t

 data is produced by calculating the percentage share of real consumption 
( ci,t ) in real GDP ( rgdpi,t) , measured at constant 2017 US dollars. Both measures are 
alternately included in the empirical analyses and are expected to have a positive 
impact on the log of real per capita consumption. Trade openness ( openi,t ) is also 
included in the analyses as a control variable and is calculated as the sum of the per-
centage shares of merchandise exports and imports at current PPPs over real GDP. 
Our motivation to include openness as a control variable is the globalization trend in 
the last 50 years, which may affect consumption patterns by increasing product vari-
ety, lowering prices, enhancing efficiency and productivity, and inducing technology 
transfer. All data were obtained from the Penn World Table (PWT) database, version 
10.01, compiled by Feenstra et al. (2015).11 Table 1 below reports the descriptive 
statistics of the annual data on sample variables.12

Figure 1 below provides scatter plots of the average growth rate of per capita con-
sumption between 1970 and 2019 against the log of per capita consumption in 1970 for 

9 We argue that while choosing any year for country classification introduces a systematic bias, it would 
be the lowest in the final year of the sample period. This is because the number of countries initially clas-
sified in a lower income group and ended up in a higher income group would always be greater than the 
number of countries initially classified in a higher income group and ended up in a lower income group, 
consistent with the notion of convergence. In our sample dataset, we observed that the income classifica-
tion of a total of 91 countries (out of 177) has remained unchanged; a total of 82 countries (out of 177) 
moved to a higher income group in 2019 compared to 1987, or the next most recent year, and a total of 
only 4 countries (out of 177) moved to a lower income group. Upon request, the authors may provide a 
more thorough examination of how economies have changed from one income category to another.

10 The list of sample countries (63 high-income, 47 upper-middle-income, 43 lower-middle-income, and 
24 low-income) is provided in Table A1 in Appendix A.
11 In the study, we used PPP-based variables to control differences in price levels between countries. 
This enables us to make cross-country comparisons with a common currency. Furthermore, compared 
to market rates, using PPPs allows us to compare prices for non-traded products, which is particularly 
important in comparing high- and low-income countries. See Deaton and Heston (2010), Hsieh and Kle-
now (2007) for the strengths and weaknesses of using PPP, and Feenstra et al. (2013) for the main fea-
tures and limitations of the PPP used in PWT.
12 We also removed outliers from the dataset using the box-and-whisker plot and the interquartile range 
(IQR) method.
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high- and low-income country groups, the two extreme income groups, for the matter 
of illustration. In the figure, the average growth rate of per capita consumption for the 
1970–2019 period is shown on the vertical axis and the log of per capita consumption 
in 1970 on the horizontal axis. Accordingly, for both high- and low-income country 
groups, the average growth rate of per capita consumption over the period 1970–2019 is 
negatively related to the log of per capita consumption in 1970, indicating that absolute 
�-convergence in per capita consumption expenditures exists for both income groups.

The study further uses non-overlapping time intervals widely used in convergence 
analysis to remove cyclical effects. Compared to annual data, this approach allows 
for the reduction of serial correlation among error terms and the minimization of the 
effects of temporary shocks related to business cycle fluctuations (Islam 1995; Caselli 
et al. 1996; Hoeffler 2002). Although there is no consensus on the determination of 
the time intervals, shorter intervals are more likely to obtain more series variation than 
longer intervals (Islam 1995; Bond et  al. 2001; Ding and Knight 2009). Therefore, 
we opt for non-overlapping 3-year time intervals to express the time dimension of our 
sample data. After employing 3-year span data on 50 years, we end up with 17 time 
points (1972, 1975, 1978, …, 2017, 2019). Hence, our final dataset includes a total of 
177 countries, further divided into four income groups, and 17 time points for each 
country. All variables are used in their natural logarithms in the estimations.

4.3  Findings

Tables  2, 3, 4,  and 5 represent the results of system GMM estimations. In each 
table, column (1) provides the estimation results for absolute consumption con-
vergence. Columns (2) and (4) explore conditional consumption convergence that 
considers the effects of aps , apc1 or apc2 , and the effective depreciation rate.13 Col-
umns (3) and (5) include trade openness as a control variable. In all regressions, 
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Fig. 1  Absolute consumption convergence across high-income vs. low-income country groups: 1970–
2019. Source Feenstra et al. (2015), PWT 10.01

13 To avoid any possible problem, we check for multicollinearity by using variance inflation factors 
(VIFs) as a rule of thumb. Our results show that the regression models do not suffer from a serious mul-
ticollinearity problem, as the mean VIF value is smaller than or equal to 1.97 in each case. Although the 
results are not provided to save space, they are available from the authors upon request.
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the dependent variable is the log of real per capita consumption, and the lagged log 
of real per capita consumption is treated as predetermined. In each table, in col-
umns (2)–(5), all independent variables, including the effective depreciation rate, are 
treated as endogenous regressors, that is, assumed to be correlated with shocks to 
real per capita consumption both in the current and previous time periods, following 
Bond et al. (2001).

In each estimation, we employ a one-step estimator. Although it is argued that 
the two-step estimator is always more efficient, several studies show that it results in 
seriously misleading asymptotic t-ratios compared to the one-step estimator (Bond 
2002, p. 147). Furthermore, the efficiency gains from using the two-step estimator 
are very small for the system GMM, and the one-step estimator is more reliable for 
finite sample inference, even in the presence of non-normality and considerable het-
eroskedasticity (Blundell and Bond 1998, p. 142). Therefore, our findings are based 
on the one-step system GMM estimator as in the studies of Bond et al. (2001), Blun-
dell et al. (2001), and Ding and Knight (2009), among others. Additionally, since the 

Table 2  System GMM estimations: global sample

Heteroskedasticity-consistent standard errors are in parentheses. Implied v shows the estimated conver-
gence rates
The symbol # means the number. The superscripts ***, **, and * denote the significance levels at 1%, 
5%, and 10%, respectively. We also constructed confidence intervals for the convergence parameter in 
columns (1)-(5). The results show that convergence can be statistically confirmed only in columns (3) 
and (5). Therefore, for other columns, while our point estimates are suggestive, they should be inter-
preted with caution

Dependent variable:ln(c
i,t) (1) (2) (3) (4) (5)

ln
(

ci,t−1
)

0.998***
(0.012)

0.984***
(0.012)

0.918***
(0.020)

0.989***
(0.011)

0.917***
(0.021)

ln
(

apsi,t
)

0.091***
(0.021)

0.079***
(0.029)

0.081***
(0.021)

0.072**
(0.031)

ln
(

ni,t + �i,t + x
)

−0.023
(0.049)

−0.072*
(0.044)

−0.016
(0.047)

−0.073*
(0.044)

ln
(

apc1
i,t

)

0.080**
(0.039)

0.027
(0.063)

ln
(

apc2
i,t

)

0.063**
(0.026)

0.038
(0.038)

ln(openi,t) 0.100***
(0.026)

0.110***
(0.027)

Constant 0.048
(0.114)

−0.410
(0.309)

0.176
(0.412)

−0.339
(0.230)

0.133
(0.293)

Implied v 0.001 0.005 0.029 0.004 0.029
AR(1) p−value 0.000 0.000 0.000 0.000 0.000
AR(2) p−value 0.168 0.214 0.214 0.183 0.206
Hansen p−value 0.472 0.123 0.205 0.193 0.230
Diff.−in−Hansen p−value 0.472 0.389 0.838 0.702 0.837
# of instruments 18 167 169 167 169
# of groups 177 177 177 177 177
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GMM estimators assume that the disturbances are uncorrelated across individuals, 
time dummies are included in all regressions to prevent the most likely form of con-
temporaneous correlation (Roodman 2009a).

The bottom parts of Tables 2, 3, 4, and 5 provide the p-values of the test sta-
tistics to verify the consistency of the system GMM results. Accordingly, in 
Tables  2, 3, 4,  and 5, the p-values of the Arellano-Bond test statistics for first- 
and second-order autocorrelation ( AR(1) ) and ( AR(2) ) show that there is no sec-
ond-order serial correlation, but a first-order serial correlation is observed in each 
case. Secondly, the p-values of the Hansen and difference-in-Hansen test statistics 
show that the instruments and their subsets are all valid in each estimation. Lastly, 
the number of instruments is less than or equal to the number of groups in all 
estimations.

Our empirical findings are as follows: Column (1) of Tables  2, 3, 4,  and 5 
shows the findings on absolute consumption convergence. The results show that 
the countries in the global sample converge at an estimated rate of about 0.1%, 

Table 3  System GMM estimations: high-income

Heteroskedasticity-consistent standard errors are in parentheses. The instrument sets are collapsed, fol-
lowing Roodman (2009a). Implied v shows the estimated convergence rates. The symbol # means the 
number
The superscripts ***, **, and * denote the significance levels at 1%, 5%, and 10%, respectively. We also 
constructed confidence intervals for the convergence parameter in columns (1)-(5). The results show that 
convergence can be statistically confirmed only in columns (2)-(5). Therefore, for column (1), while our 
point estimate is suggestive, it should be interpreted with caution

Dependent variable:ln(c
i,t) (1) (2) (3) (4) (5)

ln
(

ci,t−1
)

0.905***
(0.066)

0.843***
(0.046)

0.871***
(0.042)

0.878***
(0.049)

0.870***
(0.052)

ln
(

apsi,t
)

0.156***
(0.035)

0.143***
(0.031)

0.152***
(0.036)

0.162***
(0.037)

ln
(

ni,t + �i,t + x
)

0.130***
(0.049)

0.130**
(0.057)

0.027
(0.052)

0.011
(0.078)

ln
(

apc1
i,t

)

0.014
(0.109)

0.010
(0.101)

ln
(

apc2
i,t

)

0.034
(0.060)

0.042
(0.068)

ln(openi,t) 0.036
(0.027)

0.092**
(0.045)

Constant 1.004
(0.679)

0.814
(0.837)

0.422
(0.754)

0.594
(0.477)

0.226
(0.580)

Implied v 0.033 0.057 0.046 0.043 0.046
AR(1) p−value 0.000 0.001 0.001 0.001 0.001
AR(2) p−value 0.448 0.575 0.539 0.269 0.214
Hansen p−value 0.142 0.137 0.165 0.143 0.114
Diff.−in−Hansen p−value 0.445 0.799 0.601 0.292 0.685
# of instruments 26 48 56 44 56
# of groups 63 63 63 63 63
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which is relatively low but consistent with the heterogeneity of the fundamentals 
across the countries in the sample. For high- and low-income groups,14 the find-
ings show that the coefficient of lagged log of per capita consumption is less than 
one and significant, indicating absolute consumption convergence within high- and 
low-income country groups. According to the results, high-income countries abso-
lutely converge, with an estimated convergence rate of about 3.3% per period, and 
low-income countries converge at about 2.6% per period. On the other hand, for 

Table 4  System GMM estimations: upper-middle-income

Heteroskedasticity-consistent standard errors are in parentheses. The instrument sets are collapsed, fol-
lowing Roodman (2009a)
Implied v shows the estimated convergence rates. The symbol # means the number. The superscripts ***, 
**, and * denote the significance levels at 1%, 5%, and 10%, respectively. We also constructed confi-
dence intervals for the convergence parameter in columns (1)-(5). The results show that in all columns, 
the interval includes unity. Therefore, while our point estimates are suggestive, they should be interpreted 
with caution

Dependent variable: ln(c
i,t) (1) (2) (3) (4) (5)

ln
(

ci,t−1
)

1.086***
(0.076)

0.894***
(0.078)

0.829***
(0.119)

0.908***
(0.072)

0.891***
(0.071)

ln
(

apsi,t
)

0.135**
(0.056)

0.168**
(0.071)

0.106**
(0.053)

0.110*
(0.063)

 ln
(

ni,t + �i,t + x
)

0.097
(0.097)

0.118
(0.113)

0.052
(0.096)

−0.012
(0.095)

ln
(

apc1
i,t

)

0.376**
(0.180)

0.373**
(0.170)

ln
(

apc2
i,t

)

0.169**
(0.081)

0.181*
(0.095)

ln (openi,t) 0.070
(0.085)

0.011
(0.143)

Constant −0.780
(0.710)

−1.255
(1.168)

−1.045
(1.352)

−0.242
(0.739)

−0.059
(0.853)

Implied v −0.027 0.037 0.062 0.032 0.038
AR(1) p−value 0.008 0.013 0.017 0.005 0.005
AR(2) p−value 0.704 0.567 0.568 0.487 0.449
Hansen p−value 0.127 0.177 0.424 0.484 0.402
Diff.−in−Hansen p−value 0.542 0.542 0.241 0.561 0.798
# of instruments 27 44 41 44 41
# of groups 47 47 47 47 47

14 There are 29 low-income countries, according to the income classification of the World Bank (2023b). 
However, we could only include 24 low-income countries in the analyses due to the lack of data. Hence, 
the number of low-income countries allows us to run only absolute convergence regressions for that 
country group since the number of instruments always becomes greater than the number of countries in 
conditional convergence regressions. Therefore, for the low-income country group, we are able to present 
only the results for absolute consumption convergence in column (6) of Table 5.



634 Empirica (2024) 51:619–643

1 3

upper-middle- and lower-middle-income countries, our findings do not indicate 
absolute consumption convergence.15

Columns (2) and (3) of Tables 2, 3, 4, and 5 provide the results for conditional 
consumption convergence using the percentage share of real per capita consump-
tion in per capita income, apc1 , as a measure of average propensity to consume. The 
findings in column (2) show that the coefficient of lagged log of per capita consump-
tion is highly significant and less than one in each of Tables 2, 3, 4, and 5. Among 
income groups, the highest convergence rate is obtained for the high-income coun-
try group. This group conditionally converges with an estimated rate of about 5.7% 
per period, while upper-middle- and lower-middle-income countries have estimated 

Table 5  System GMM estimations: lower-middle- and low-income

Heteroskedasticity-consistent standard errors are in parentheses. The instrument sets are collapsed, fol-
lowing Roodman (2009a). Implied v shows the estimated convergence rates
The symbol # means the number. The superscripts ***, **, and * denote the significance levels at 1%, 
5%, and 10%, respectively. We also constructed confidence intervals for the convergence parameter in 
columns (1)-(6). The results show that in all columns, the interval includes unity. Therefore, while our 
point estimates are suggestive, they should be interpreted with caution

Dependent variable:ln(c
i,t) Lower−middle−income Low−income

(1) (2) (3) (4) (5) (6)

ln
(

ci,t−1
)

1.062***
(0.055)

0.921***
(0.061)

0.943***
(0.059)

0.920***
(0.067)

0.938***
(0.057)

0.925***
(0.174)

ln
(

apsi,t
)

0.097***
(0.033)

0.112**
(0.051)

0.119**
(0.057)

0.100*
(0.055)

LN
(

ni,t + �i,t + x
)

−0.144
(0.158)

−0.164
(0.129)

−0.347***
(0.121)

−0.291**
(0.119)

ln
(

apc1
i,t

)

0.376**
(0.183)

0.422*
(0.240)

ln
(

apc2
i,t

)

0.408**
(0.170)

0.419***
(0.153)

ln(openi,t) 0.054
(0.034)

0.023
(0.027)

Constant −0.493
(0.463)

−0.957
(1.262)

−1.536
(1.270)

−0.617
(1.164)

−0.957
(1.113)

0.576
(1.286)

Implied v −0.020 0.027 0.020 0.028 0.021 0.026
AR(1) p−value 0.000 0.001 0.002 0.002 0.002 0.056
AR(2) p−value 0.213 0.135 0.139 0.160 0.145 0.117
Hansen p−value 0.400 0.461 0.403 0.144 0.176 0.562
Diff.−in−Hansen p−value 0.185 0.202 0.129 0.729 0.357 0.556
# of instruments 23 40 41 40 41 23
# of groups 43 43 43 43 43 24

15 For upper-middle- and lower-middle-income countries, we applied a t-test to detect whether the coef-
ficients of ln

(

c
i,t−1

)

 are significantly different from one and not just from zero. The results show that our 
coefficients are not statistically different from one (the test statistics are t = 1.126 for the upper-middle-
income group and  t = 1.130 for the lower-middle-income group).
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rates of about 3.7% and 2.7% per period, respectively. According to the results, aps 
has a positive and significant effect on the convergence process of real per capita 
consumption expenditures in the global sample and in the three income groups 
(high-, upper-middle, and lower-middle). As expected, the estimated coefficient of 
aps is larger in magnitude for high-income countries compared to upper-middle- and 
lower-middle-income countries. The coefficient of apc1 is positive and significant for 
both upper-middle- and lower-middle-income groups and for the global sample, but 
positive and insignificant for the high-income group. The coefficient of the effective 
depreciation rate is positive and significant for the high-income country group and 
insignificant for the other groups.

Column (3) of Tables 2, 3, 4, and 5 provides the results for conditional consump-
tion convergence when trade openness is included in the regressions as a control 
variable. The coefficient of lagged log of per capita consumption is significant and 
less than one for the three income groups and for the global sample, indicating that 
there is conditional consumption convergence. Although the coefficient of trade 
openness is significant only for the global sample, its inclusion raises the implied 
convergence rates in both the upper-middle-income group and the global sample. 
For the three income groups, aps has a positive and significant effect on the conver-
gence process of real per capita consumption expenditures. The coefficient of apc1 
is positive and significant for both upper-middle- and lower-middle-income groups, 
but it is the largest in magnitude for the latter. The coefficient of the effective depre-
ciation rate is only significant for the high-income group and for the global sample.

Columns (4) and (5) of Tables 2, 3, 4,  and 5 show the estimation results for 
conditional consumption convergence when apc2 , the percentage share of house-
hold consumption at current PPPs, is used as a proxy for apc . Column (4) shows 
evidence of conditional consumption convergence in the three income groups and 
in the global sample. As in column (2), the highest convergence rate is obtained 
for high-income countries, and the lowest rate is obtained for the global sam-
ple. The findings indicate that high-income countries converge at an estimated 
rate of about 4.3% per period, while lower-middle-income countries converge at 
a rate of about 2.8% per period. The coefficient on aps is positive and significant 
for the global sample and for the three income groups. However, similar to the 
findings in column (2), the magnitude of the coefficient of aps is larger in high-
income countries compared to upper-middle- and lower-middle-income countries. 
On the other hand, as in column (2), the effect of apc2 is found to be positive 
and significant for upper-middle- and lower-middle-income countries and for the 
global sample but insignificant for high-income countries. The highest coefficient 
of apc2 is obtained for the lower-middle-income country group. The coefficient 
of the effective depreciation rate is negative and significant for the lower-middle-
income country group and insignificant for the other groups.

Lastly, column (5) of Tables  2, 3, 4,  and 5 provides the results for condi-
tional consumption convergence when regressions are controlled for openness to 
trade. The coefficient of lagged log of per capita consumption is significant and 
lies below one for the three income groups and for the global sample, implying 
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conditional convergence in per capita consumption expenditures. The findings 
show that openness to trade has a significantly positive effect on explaining the 
convergence process of the global sample and the high-income group. Its inclu-
sion raises the implied convergence rates in all sample groups but decreases this 
rate in the lower-middle-income group. The effects of aps are positive and sig-
nificant for the three income groups and the global sample, as in column (3). In 
this case, the highest significant and positive contribution of aps is obtained for 
the high-income group. As in column (3), the effects of apc2 are positive and sig-
nificant for upper-middle- and lower-middle-income countries but positive and 
insignificant for the high-income group and for the global sample. Notably, the 
largest and most significant coefficient of apc2 is obtained for the lower-middle-
income group. Finally, the coefficient of the effective depreciation rate is negative 
and significant only for lower-middle-income countries and for the global sample.

It is reasonable to wonder if our conclusions would have been different if 
the theoretical model had been based on an open economy when evaluating the 
robustness of our findings. This critique is warranted because, since the late 
1980s, most countries have become more open due to the trend of globaliza-
tion than they were previously. For three reasons, we believe that our empiri-
cal results are at least able to capture the open-economy extension of the Solow 
model. First, in fact, we use the investment rate in our empirical analyses as a 
proxy for the savings rate. Since it is essentially irrelevant who funds investment 
expenditures in a domestic economy, we think the investment rate is a far more 
resilient variable to the openness objection. Second, we are aware of the strong 
empirical correlation between domestic savings and investment, at least since 
Feldstein and Horioka (1980). This remains valid regardless of most countries 
being highly open to international trade and international capital flows (please see 
Apergis and Tsoumas (2009) for a literature survey, Chang and Smith (2014) and 
Ko and Funashima (2019) for recent empirical applications). This suggests that 
the investment rate may serve as a good proxy for the savings rate. Third, even 
though the theoretical model presupposes a closed economy, our empirical analy-
ses include openness as a control variable.

5  Concluding remarks and policy implications

This study contributes to understanding the determinants of convergence in per 
capita consumption expenditure. The theoretical part uses a Solovian setup rely-
ing on the Keynesian exogenous savings-consumption allocation rule to obtain 
the consumption convergence equation. The theoretical findings show that the 
growth rate of per capita consumption depends on the lagged per capita consump-
tion, the average propensity to save, the effective depreciation rate, and the aver-
age propensity to consume in the transitional period. The empirical part provides 
the system GMM estimates for 177 countries as a whole and for four income 
groups over the period 1970–2019. Our empirical findings confirm the validity 
of the consumption convergence hypothesis. A short summary of our empirical 
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findings is as follows: First, there is absolute consumption convergence within 
high- and low-income country groups. Second, all groups included in the analy-
ses exhibit conditional convergence, regardless of the definition of apc or whether 
the control variable is included or not in the analyses. Our findings provide sup-
port for absolute and faster conditional consumption convergence among high-
income countries, consistent with empirical evidence on income convergence. 
Third, aps has a significant and positive effect on the consumption convergence 
process in all estimations for all income groups. Fourth, both apc positively and 
significantly explain the convergence process of upper-middle- and lower-middle-
income countries. However, their effects are insignificant for high-income coun-
tries. Fifth, adding trade openness raises the implied rates in the global sample 
and upper-middle-income countries while reducing them in lower-middle-income 
countries.

Savings is a major determinant of the growth of future income and consump-
tion, while current consumption is the major determinant of current welfare. In 
accordance with this statement, our results lead us to expect in the future either a 
slower convergence or even a persistent divergence in consumption convergence 
within upper-middle- and lower-middle-income countries, given that aps plays a 
larger role in explaining consumption convergence as income rises and that both 
measures of apc clearly contribute to the process of consumption convergence 
only within upper-middle- and lower-middle-income countries. The policy impli-
cation of this conclusion is that policy makers in upper-middle- and lower-mid-
dle-income countries should restore the balance in the tradeoff between current 
and future consumption in favor of savings.

Certainly, the study can be extended in several directions. The current study 
purely focuses on testing the existence of �-convergence in per capita consump-
tion expenditures for four income groups. In a future study, the stochastic and 
local convergence patterns of consumption expenditures can be examined to fur-
ther explore the issue at hand and derive more detailed policy implications. In 
this sense, future research could include examining local convergence patterns by 
identifying sub-groups within income categories, for example, using the regres-
sion tree technique, which allows us to select endogenously the most important 
variables in achieving the best group identification in order to avoid the group 
selection bias problem. Secondly, we are aware of the fact that our existing results 
should be interpreted with caution as, on theoretical grounds, they are built on 
a closed economy model without government. Therefore, future research is also 
needed to examine how the patterns of consumption convergence would change if 
the economy was open to international trade and/or there was government in the 
model.

Appendix A

See Table A1 and A2.
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Table A1  List of the sample countries by income groups

High-income
(63)

Upper-middle-income
(47)

Lower-middle-income
(43)

Low-income
(24)

Antigua and Barbuda Albania Algeria Burkina Faso
Aruba Argentina Angola Burundi
Australia Armenia Bangladesh Central African Republic
Austria Azerbaijan Benin Chad
Bahamas, the Belarus Bhutan Congo, Dem. Rep
Bahrain Belize Bolivia Ethiopia
Barbados Bosnia and Herzegovina Cabo Verde Gambia, the
Belgium Botswana Cambodia Guinea
Bermuda Brazil Cameroon Guinea-Bissau
British Virgin Islands Bulgaria Comoros Haiti
Brunei Darussalam China Congo, Rep Liberia
Canada Colombia Côte d’Ivoire Madagascar
Cayman Islands Costa Rica Djibouti Malawi
Chile Dominica Egypt, Arab Republic Mali
Croatia Dominican Republic El Salvador Mozambique
Cyprus Ecuador Eswatini Niger
Czechia Equatorial Guinea Ghana Rwanda
Denmark Fiji Honduras Sierra Leone
Estonia Gabon India Sudan
Finland Georgia Kenya Syrian Arab Republic
France Grenada Kyrgyz Republic Tajikistan
Germany Guatemala Lao PDR Togo
Greece Indonesia Lesotho Uganda
Hong Kong Sar, China Iran, Islamic Republic Mauritania Yemen, Republic
Hungary Iraq Republic of Moldova
Iceland Jamaica Mongolia
Ireland Jordan Morocco
Israel Kazakhstan Myanmar
Italy Lebanon Nepal
Japan Malaysia Nicaragua
Kuwait Maldives Nigeria
Latvia Mexico Pakistan
Lithuania Montenegro Philippines
Luxembourg Namibia São Tomé and Principe
Macao Sar, China North Macedonia Senegal
Malta Paraguay Sri Lanka
Mauritius Peru Tanzania
Netherlands Russian Federation Tunisia
New Zealand Serbia Ukraine
Norway South Africa Uzbekistan
Oman St. Lucia Vietnam
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Table A1  (continued)

High-income
(63)

Upper-middle-income
(47)

Lower-middle-income
(43)

Low-income
(24)

Panama St. Vincent and the 
Grenadines

Zambia

Poland Suriname Zimbabwe
Portugal Thailand
Qatar Türkiye
Republic of Korea Turkmenistan
Romania Venezuela
Saudi Arabia
Seychelles
Singapore
Slovak Republic
Slovenia
Spain
St. Kitts and Nevis
Sweden
Switzerland
Taiwan, China
Trinidad and Tobago
Turks and Caicos Islands
United Arab Emirates
United Kingdom
United States
Uruguay
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