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Abstract The relationships between growth, inequality, and poverty is widely discussed
area in the development economics, which fairly overcrowded by linear and non-linear
growth components, however, while developing an index for pro-poor growth, the non-
linearity portion of growth has been widely ignored that address in this study by using a
panel of 18 selected Latin America and the Caribbean countries from 1981 to 2012. The
study proposed a new measure of pro-poor growth index, called ‘Poverty Interdependence
Growth Index (PIGI)’, which further extended in order to satisfy the monotonicity criterion
of pro-poor growth and poverty reduction, called ‘Poverty Interdependence Equivalent
Growth Rate (PIEGR)’. The results show that the impact of per capita survey income and
income inequality on poverty measures are ‘linear’ in nature when controlling the non-
linear components of growth, however, if this assumption is relaxed, the study doesn’t
established either ‘U-shaped’ and/or ‘asymptotic’ relationship between the variables. The
non-poverty measures including educational expenditures, health expenditures and popu-
lation growth significantly increases F-G-T measures of poverty. The estimates of PIGI
and PIEGR reveal that out of 18 countries, there are 4 countries shows highly pro-poor
growth, 11 countries shows negative pro-poor growth index (i.e., immiserizing growth
scenarios, where a positive growth increases poverty), and the remaining 3 countries shows
pro-rich. The study illustrates that our new measure of pro-poor growth index fairly pro-
vides conclusive findings.
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1 Introduction

Pro-poor growth is one of the widely discussed areas in the development literature. The
seminal work of Kuznets (1955) considered one of the foundation works for this debate,
which later down focused by number of scholars and international agencies that coined the
word i.e., ‘broad-based growth’ and ‘pro-poor growth’ (see, Chenery et al. 1974; World
Bank 1990; ADB 1999; Ravallion 2004 etc.). Afterward, the debate has prolonged and
spread in an academic and research arena and till now it consider the most impulsive and
pragmatic contest among the development economists. World Bank (2011) segregated the
pro-poor growth measures into three broad categories, i.e., (1) the studies falls in the
‘aggregate measures’ of pro-poor growth including ‘Growth Incidence Curve (GIC)
suggested by Ravallion and Chen (2003), and ‘decomposition of growth and inequality’ by
Datt and Ravallion (1992), (2) the study falls in ‘absolute measures’ of pro-poor growth
including ‘rate of pro-poor growth’ suggested by Ravallion and Chen (2003), and (3) the
studies falls in the ‘relative measures’ of pro-poor growth including ‘poverty bias of
growth’ by McCulloch and Baulch (2000), ‘pro-poor growth index’ by Kakwani and Pernia
(2000), ‘poverty equivalent growth rate’ by Kakwani and Son (2002), and ‘poverty growth
curve’ by Son (2003).

1.1 Discussion on Income and Non-Income Poverty

The debate on monetary/income and non-income (human) poverty, both widely pro-
nounced in poverty research agenda for inclusive growth. The advocates of income poverty
approach argued that poverty is based on measure of monetary/income that evaluate with it
certain threshold income levels, if income poverty surpasses the threshold level, we do not
consider a person to be a poor while reverse is reserve for poor. Though, the classical
definition of poverty served many purpose in materialistic world, however, it consider as
an indirect approach to measure poverty. The number of studies measured pro-poor growth
by monetary indicators i.e., income or consumption, for example, Ravallion and Chen
(2003) measured the rate of pro-poor growth by using absolute terms and confirmed that
economic growth supports the poor and reduce poverty, while Kakwani and Pernia (2000)
and McCulloch and Baulch (1999) measured it by relative concepts, i.e., growth propor-
tionally benefits the poor more than the non-poor. The poverty is multidimensional phe-
nomenon; therefore, the income alone does not truly translate the poverty reduction and
pro-poor growth reforms. The direct measure of poverty is non-monetary measures that
look directly at the bundle of goods and it measures what people are lacking for it. It
contains some basic necessities goods like food, shelter, clothing, basic education,
healthcare facilities, safe water, good sanitation, etc. Klasen (2008) introduced the number
of non-monetary indicators in pro-poor growth scenario by using a country case study of
Bolivia and utilized ‘Growth Incidence Curve (GIC)’ approach to country’s non-monetary
indicators including education, health, and nutrition. The findings come to the following
conclusion that income growth was relatively pro-poor and strongly oppose to the absolute
pro-poor growth, while in non-income dimensions, growth generally in favor of the poor in
absolute sense and shows some considerable improvement in the education, health, and
nutritional indicators at countrywide. Grosse et al. (2008) further extended the non-income
dimensions of pro-poor growth indicators for Bolivia by using both the GIC approach and
poverty-equivalent-growth.rate;-and-evaluated different basket of goods contain education,
health, and nutrition during 1989-1998. The results generally supported the relative sense
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of pro-poor growth using both the monetary and non-monetary income approach, while it’s
weakly supported in absolute sense. The overall results conclude that poverty either based
on income approach and/or non-income approach shows considerable improvement in
different dimensions of poverty, which is generally favorable in the context of Bolivia.
Tran et al. (2015) identified the disparities between monetary and non-monetary poverty
dimensions by using the Vietnam’s panel data for 2007, 2008, and 2010. The results
conclude that the person who have a greater market accessibility to get more benefits from
monetary income as compared to the others, as initial phase of development largely
contributed to the higher rate of income poverty reduction by higher growth, however, it is
not a sufficient condition that the same person perform well in non-income poverty
dimensions, as the person required more additional efforts and time to perform well in non-
income dimensions. Zaman (2015) expanded the non-income poverty measures in 21
welfare indicators by using four household surveys, i.e., 2002, 2006, 2008, and 2011. The
results show the significant differences between both the poverty measures in terms of
aggregation and distributional patterns. The results supported largely relative pro-poor
growth in non-income dimensions and weakly supported the absolute pro-poor growth in
few non-income dimensions. Bader et al. (2016) further identified the significant differ-
ences between the monetary income and multidimensional poverty (MDP) measures by
using the Lao household data of 2007-2008. The results of the study show some interesting
finding in the country context, i.e., the study identified a large pool of household are
“overlooked poor” which were not identified by monetary income, while it is identified in
MDP measures. The higher deprivation score is in education and nutrition identified the
“overlooked poor” in MDP measures while monetary income failed to identify the poor,
which lead to clear opposite direction between the two poverty measures. The results
further provoked that the correlation between MDP and income poverty is limited, which
further confirmed that income poverty does not serve as a true proxy for MDP measures
and vice versa.

1.2 Relationships Between Growth, Inequality and Poverty

The relationship between poverty, inequality and development traced by the classical work
of Ahluwalia (1976), which presented the crucial facts regarding the three above stated
elements in a cross-country setting, and proclaimed that relative inequality increases along
with an increase in economic development, which declines at the later stages of devel-
opment. This relationship is widely exhibit longer in the poorest countries group. This
causal relationship is attributed with the educational attainment, flexible labor market, and
population reduction strategies that helpful to reduce relative inequality by economic
development across nations. Bourguignon (2004) interlinked the poverty, growth, and
inequality in a functional form of triangular mode and concluded that wealth redistribution
policies from rich to poor may tend to improve economic growth through the channel of
flexible credit market. The redistributive policies matter for reduction in general poverty by
increasing country’s income, which further improves the income transfer channel for pro-
equality growth. Heshmati (2004) examined the causal relationships between growth,
inequality, and poverty by using the longitudinal data set of countries with longer time
period and found the convergence in the country’s per capita income, while divergence is
presence in income inequality data set, which is attributed due to homogeneity in the panel
of advanced_countries_and_heterogeneity_among less developed countries. The results
further indicate the heterogeneity in the policy propositions for poverty reduction, as
income inequality considerably affect the process of poverty reduction, which further
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affected the country’s development process. In industrialized countries, the wage differ-
ential gap substantially increases by increasing trade liberalization policies, while in
developing countries; trade liberalization policies support the labor market to reduce the
wage inequality. Finally, the study comes to the conclusion with the global U-shaped
Kuznets curve. Ravallion (2001) discussed the data limitations across cross-country cor-
relation that hides the development phase of poor in developing countries. The results
enforced the need of distribution—corrected rate of growth in average income that helpful
to expedite the process of pro-poor growth and poverty reduction. The study suggested
micro analysis of growth and income redistribution that would support growth-oriented
policies across countries. Adams (2004) selected the data set of 60 developing countries
and confirmed that economic growth promotes pro-poor growth policies by reduction in the
poverty in the absence of income inequality, however, the study pointed out the economic
efficiency of growth variables, which previously used different variables in diverse eco-
nomic settings. The results come to the conclusion that per capita GDP is not a significant
variable that translated into pro-poor growth and poverty reduction, while changes in
survey income considered the significant predictor that have a considerable impact on
poverty reduction across countries. Dollar and Kraay (2002) considered the large panel of
92 countries with a 40 year time period and found that trade openness, economic stability,
fiscal instruments, and private property rights considerably increases the income of the
residents and does not discriminate rich and poor in a country, which exhibit that economic
policies may not trickle down to the poor directly, while its indirectly transferred benefits
of economic growth to the poor as received initially richer for the dominating side. The
growth-enhancing strategies would be beneficial to support the process of pro-poor growth
and poverty reduction across nations. Ravallion (2005) discussed the two stand points of
poverty—inequality trade off by analyzing the 70 developing and transition economies in
1990s, i.e., the first point is the significant trade-off between lower poverty with lower
relative inequality, and the second point is the trade -off between absolute inequality and
poverty, which is associated between rising inequality and falling poverty. The study, in
general, concluded that there is not a significant trade-off between absolute poverty and
relative inequality due to low correlation between income and changes in the relative
inequality. Therefore, it is advisable to see the absolute inequality with reference of
poverty reduction for policy formulation. Dollar et al. (2015) collected the larger data set
of 115 countries with 40 year data period and concluded that income inequality is less
sensitive to the growth, which implies that cross-country variation in changes in social
welfare is largely attributed to growth in average incomes.

The overall discussion confirmed the strong correlation between growth, poverty and
inequality that widely recognized the trickledown theory in favor of poor under macroe-
conomic factors. This debate is prolonged in cross-country analysis which supported lar-
gely pro-poor growth framework under judicious income distribution. The policy to
support the poor in equitable mode confined the idea of pro-equality growth arguments
across the globe.

1.3 Pro-poor Growth Scenario

This study proposed a new measure of pro-poor growth index, called ‘Poverty Interde-
pendence Growth Index (PIGI)’, which included both the linear and non-linear growth
components, which previous ignored. in the existing pro-poor growth indices, for example,
McCulloch and Baulch (2000) proposed ‘poverty bias of growth (PBG)’, which mainly
focused on reducing inequality. The PBG index captured ‘pure growth effect’ and ‘pure

@ Springer



Linear and Non-linear Relationships Between Growth,... 599

inequality effect’ in the absence of one and another. This index has some limitations, as
higher the value of PBG does not necessarily imply greater poverty reduction because
changes in poverty depends upon pure growth effect. In addition, the PBG mainly driven
by ‘linear symmetric poverty decomposition’ as suggested by Kakwani (2000), while both
the studies completely ignored the non-linear adjustments of growth phases that has a
considerable impact on the pro-poor growth reforms. Kakwani and Pernia (2000) proposed
‘pro-poor growth index (PPGI)’ that falls under the strict definition of pro-poor growth
with relative approach. This index based on poverty elasticity of growth and inequality and
compute total poverty elasticity, than its relative to the growth elasticity to form PPGI.
This index suggested certain value judgment threshold levels for assessment i.e., whether
the growth phase was poor or anti-poor, as if the PPGI value greater than the unity, the
growth process considered pro-poor or else anti-poor. This index has some limitations, as it
does not satisfied the monotonicity criterion of poverty reduction, while it does not account
the non-linear symmetric decomposition of poverty to capture the later stages of economic
development towards poverty reduction. Kakwani and Son (2008) proposed another index
of pro-poor growth, called ‘poverty equivalent growth rate (PEGR)’ that captures the gains
and losses of growth via distribution channel. The PEGR satisfied monotonicity criterion of
pro-poor growth and poverty reduction. The PEGR is pro-poor (anti-poor), when the value
of PEGR is greater (lesser) than the value of actual growth rate between two surveys
period. This index although satisfied both necessary and sufficient condition of pro-poor
growth and poverty reduction, however, non-linearity symmetric poverty decomposition
and distribution channel in the later stages of economic development is overlooked again.
Similarly, the other poverty reduction curves including ‘Growth Incidence Curve’ and
‘Poverty Growth Curve’ both based on stochastic dominance curve while ignoring poverty
line and poverty measures.

The PIGI and PIEGR is based on linear (see, Kakwani and Pernia 2000; Kakwani and
Son 2008; Son and Kakwani 2008) and non-linear systematic poverty decomposition (see,
McKinley 2009; Zaman 2016) combined together to form a new and relative measures of
pro-poor growth index (authors’ self extracted), which satisfied monotonicity criterion of
pro-poor growth and poverty reduction at the later stages of economic development, while
it falls in the strict definition of pro-poor growth under relative domain of growth index.
This methodology is applied on 18 selected Latin America and the Caribbean countries by
using international poverty line of US $1.90 per day. The study first estimated the long-run
relationship between growth, inequality, poverty, and human poverty measures under the
premises of linear and non-linear growth components, by using panel least square
regression, panel random effect, and system panel GMM estimator in a panel of selected
Latin America and the Caribbean countries for the period of 1981-2012. Later on, the
study using the same concept and extended non-linear symmetric poverty decomposition in
the pro-poor growth index, and form a new, stable, and relative measure of pro-poor
growth index called ‘poverty interdependence growth index’ and ‘poverty interdependent
equivalent growth rate’, which applied on individual countries of 18 selected Latin
America and the Caribbean countries to assess whether the economic development at the
later stages has impeding any impact on poverty reduction. For this reason, the study
included non-linearity component of growth in an existing pro-poor growth indices.
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2 Data Source and Methodological Framework

The following variables has been used in order to examine the long-run relationship
between growth, inequality, poverty, and non-poverty measures, i.e., average monthly per
capita income expenditures, Gini index (a measure of inequality), Foster—Greer—Thorbecke
(F-G-T) indices including poverty headcount, poverty gap, and squared poverty gap; non-
poverty measures include children out of school, expenditures on primary and secondary
education, life expectancy at birth, infant mortality rate, and population growth in a panel
of 18 selected Latin America and the Caribbean countries, namely, Argentina-Urban (data
set from 1991 to 2013), Belize (1993-1999), Bolivia (1990-2013), Brazil (1981-2013),
Chile (1987-2013), Columbia-Urban (1988-1991), Costa Rica (1981-2013), Dominican
Republic (1986-2013), El Salvador (1991-2013), Guatemala (1986-2011), Jamaica
(1988-2004), Mexico (1989-2012), Nicaragua (1993-2009), Panama (1989-2013), Para-
guay (1990-2013), Peru (1997-2013), Uruguay-Urban (1992-2005), and Venezuela
(1981-2006). The unified international poverty line i.e., US $1.90 per day on the basis of
purchasing power parity (PPP)—2005, has been set out for the selected Latin America and
the Caribbean countries. The data for poverty, income, and income inequality is taken from
POVCALNET published by World Bank (2015a), while the data for educational expen-
ditures, health expenditures, and population growth is taken from World Development
Indicators published by World Bank (2015b). Table 1 shows the list of variables and their
descriptions for ready reference.

The study started with the systematic link developed by Bourguignon (2004) regarding
the poverty-inequality-growth triangle i.e.,

Change in Poverty = F(Growth, Inequality, change in Distribution) (1)

which further annoying compliance by McKinley (2009) and suggested the determinants of
poverty reduction specification under cross-sectional regression settings i.e.,

Poverty reduction =f(Growth, Inequality, Income per capitalagged, Gini coefficient lagged,

Interaction between per capitaincome and change in inequality)
(2)

This study compliment the McKinley (2009) specification of determinants of poverty
reduction by including square of income inequality and square of per capita income instead
of lagged per capita income and lagged Gini coefficient to determine both the linear and
non-linear growth components in the poverty-growth model specifications i.e.,

In(p);, = Bo + B1In(y);, + B> In(g);, + B3 ln(y)it + BsIn(y x g);, + Bs ln(g)in + B In(y),,
+ &y

(3)

where ‘p’ indicates F-G-T poverty indices including poverty headcount (py), poverty gap
(p1), and severity of poverty (p2); ‘y’ indicates mean per capita monthly income expen-
diture from survey, ‘g’ indicates Gini index, y indicates non-poverty measures (including
children out of school, primary and secondary education expenditures, life expectancy at
birth, infant mortality rate, and population growth), ‘In’ indicates natural logarithm, ‘i’
indicates 18 selected Latin America and the Caribbean countries, ‘t’ indicates different
household integrated countrywide surveys in a range between 1981 and 2013, and ¢ is the
white noise error term.
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Table 1 List of variables

Variables Symbol Measurement

Poverty headcount Py %

Poverty gap P, %

Square poverty gap P, %

Gini coefficient G %

Income Y Average monthly per capita income expenditures on the basis of

2005 purchasing power parity

Children out of school COOS % Of primary school age

Expenditures on primary ~ EPE % Of government expenditure on education
education

Expenditures on ESE % Of government expenditure on education

secondary education
Life expectancy at birth LEB Years
Infant mortality rate IMR Per 1000 live births
Population growth POPG  Annual %

The coefficient 5, and 8, shows the linear component of growth and inequality, while
f3—P5 shows the non-linear growth and inequality components in Eq. (3). If §; <0 and
B, > 0, it implies that the impact of economic growth and income inequality on poverty
would be ‘negative linear’, while, if f; > 0 and f, <0, it implies that the relationship
would be ‘positive linear’. On the other way around, If f; > 0, , <0, and 5 > 0, while
linear terms kept constant, it implies that the relationship between economic growth and
poverty would be ‘U-shaped’, while reverse is true in case of ‘inverted U-shaped’ rela-
tionship between poverty and economic growth under the premises of rising income
inequality. The relationship would be either ‘positive asymptotic’ when f; > 0, f, <0,
f3 >0, f, <0 and s > 0, while it would be ‘negative asymptotic’ for the case i.e., f; <0,
pr >0, 3 >0, f,<0, and f5 > 0. Finally, the relationship would be either ‘positive
inverted asymptotic’, if and only if, f; >0, f,<0, f;<0, f, >0, and f5<0, while
reverse is true for ‘negative inverted asymptotic; i.e., f; <0, f, >0, ;3 <0, , > 0, and
fs <0. In conclusion, Eq. (3) would also indicate whether the relationship between growth,
inequality and poverty holds ‘linear’ relationship, ‘U-shaped’ relationship, and/or
‘asymptotic’ relationship in a panel of countries. Figure 1 shows the plots of level data for
ready reference.

The study employed panel OLS regression that ignores the cross-country-time-invariant
characteristics, while after confirmation the appropriate model specification by Hausman
test, the study used panel random effect regression that incorporates the time invariant
characteristics between the selected countries. Equation (4) shows the panel random effect
regressions’ model specification i.e.,

ln(P)i,t = ﬁO + ﬂl ln(y),-A, + ﬁ2 ln(g)m + 18”5 ln(y)it + ﬂ4 ln(y X g)i,t + ﬂS ln(g)?t + ﬁﬁ ln(V)it
+ Tir + &g

(4)

where t absorb time variant characteristics among the panel of selected countries.
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Y
PO P1 P2 Average monthly per capita income expenditures
Poverty Headcount Ratio Poverty Gap Squared Poverty Gap (on the basis of 2005 PPP)

o
1= 18 Countries =18 Countries 1=18 Countries
T = 19812013 T = 1981-2013 T = 1981-2013

in between the range - 264 observations) (Household the range - between the range -

1= 18 Countries
T =1981-2013

G Co0s EPE IMR
Gini Coefficient Children out of school Expenditure on primary Education Infant Mortality rate
(a measure of inequality) (% of primary school age) (as % of government expenditure on education) (per 1,000 live births)

3

g

1= 18 Countries 1= 18 Countries = 18 Countries =18 Countries
T =1981-2013 T = 19812013 T =19812013 T = 19812013
in between

LEB POPG
Life expectancy at birth, total Population growth Expenditure on secondary education
(annual %) (as % of government expenditure)

1= 18 Countries =18 Countries i= 18 Countries:
T = 1981-2013 T = 19812013 T =19812013

Fig. 1 Plots of the level data. Source: World Bank (2015a, b)

The study further employed ‘system panel Generalized Method of Moments (GMM)
estimator’, which addresses both the serial correlation problem and possible endogeneity
among the regressors. The study adopted the Arellano and Bond (1991) of GMM estimator
that includes lagged dependent variable along with lagged explanatory variables in dif-
ference operator to eliminate country specific differences by appropriate instrumental list.
Equation (5) shows the Arellano—Bond model specification i.e.,

In(p);, = Bo + P11n(p);,_, +1In(y);, + B2 1In(g);, + Bs 111@)?,1 + BsIn(y x g);,

> (5)
+ BsIn(g);, + BeIn(y);, + zis + €

where ‘z’ indicates lagged explanatory variables as an instrumental list.

In addition, Arellano-Bond model specifications gives certain other diagnostic tests
including Sargan—Hansen J-statistic for validating the instrumental lists, while AR(1), and
AR(2) test used for detecting serial correlations at first difference estimator. After
obtaining the parameter estimates, the study proposed a new measure of pro-poor growth
index, called ‘Poverty intensive Growth Index (PiGI)’, which are based upon both linear
and non-linear growth components.

Pro-poor growth definition falls in two broad categories, i.e., general definition of pro-
poor growth and strict definition of pro-poor growth. In general, pro-poor growth defined
as growth that benefits/supports the poor in terms of poverty falls, while the proponents of
strict definition argue that pattern of growth and distribution of income matters where
poverty declines. Ravallion and Chen (2003) support the general definition of pro-poor
growth, while Kakwani and Pernia (2000), Son (2004) and Kakwani and Son (2008) etc.
supports the strict definition of pro-poor growth. Son (2004) and Ravallion and Chen
(2003)ysuppoitsythe firstzorder,dominanceyseondition for poverty reduction where poverty
line and poverty measures does not matter, while Kakwani and Pernia (2000) and Kakwani
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and Son (2008) etc. created the rate of index for poverty reduction under the natio-
nal/global poverty line and F-G-T measures of poverty measure. The pro-poor growth
index proposed by Kakwani and Pernia (2000) falls in the monotonicity criterion, as it
includes both the growth component and the mechanism to share the income flow from rich
to the poors via direct and indirect linkages.

The ‘poverty interdependence growth index’ based on strict definition of pro-poor
growth, where economic growth, judicious income distribution, and ‘joint interdepen-
dence’ of growth and inequality matters for poverty reduction that trickle down to the poor
as compared to the non-poor. More specifically, the proposed index executes the ‘full
approach’ of pro-poor growth, as growth process judged by linear and non-linear growth
components. This index satisfied the monotonicity criterion of pro-poor growth reduction,
as it implies both the linear and non-linear part of economic growth and income distri-
bution that satisfied both the necessary and sufficient condition of poverty reduction. The
study further extended the poverty interdependence growth index into poverty interde-
pendence equivalent growth rate that captured the gains/losses of growth rate due to
inequality change. As Kakwani and Son (2008) argued that gains reflect pro-poor growth,
while losses imply pro-rich growth or anti-poor growth. This index supports the funda-
mentals of poverty equivalent growth rate under the premises of non-linear growth and
inequality components in it. The poverty interdependence growth index (PIGI) comprises
both the linear and non-linear growth-inequality components to judge whether the growth
process is pro-poor or anti-poor i.e.,

(i) Linear and non-linear growth components under joint dependence of growth and
inequality:
_ Apu/py | Apa/ps Apa/ps (0
Ayly — Ay?/y2 Ay xg)/yxg

(ii) Linear and non-linear inequality components under joint dependence of growth
and inequality:

_Aps/py  Apa/ps Ap./py (i)
Ag/g  Ag*/g* Alyxg)/yxg

(iii))  Total poverty elasticity:

S=n+¢ (iii)
(iv)  Poverty Interdependence Growth Index (PIGI):
0 .
o =- iv
p (iv)

(v)  Poverty Interdependence Equivalent Growth Rate (PIEGR):
=7 X (v)

where 7 is the linear and non-linear growth elasticity under the presence of joint depen-
dence of growth and inequality, { is the linear and non-linear inequality elasticity under the
presence of joint dependence of growth and inequality, ¢ is the total poverty elasticity, ¢ is
the poverty intensive growth index, y is poverty intensive equivalent growth rate, « is F-G-
T measures of poverty iie:;poverty headcount (p,), poverty gap (p;), and squared poverty
gap (p»), and y* is the actual growth rate between two time period.
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This index is relatively better and wide-ranging in terms of explaining changes in
poverty over time, which derived on the basis of four main elements i.e., (i) Sum of linear
and non-linear poverty elasticity of growth, while inequality includes as an interactive term
with the economic growth, (ii) Sum of linear and non-linear poverty elasticity of
inequality, while economic growth includes as an interactive term with the income
inequality, (iii) Total poverty elasticity, which is the sum of (i) and (ii) elements, (iv)
Poverty interdependence growth index is the formulation of (iii) relative to element (i), and
finally, (v) Poverty interdependence equivalent growth rate is the joint product of actual
growth rate and poverty interdependence growth index (which implies gains/losses of
economic growth). This index satisfied the monotonicity criterion of pro-poor growth
index under the non-linear growth components and presented the results in a more gen-
eralized form of poverty reduction.

3 Results

Table 2 shows the descriptive statistics and correlation matrix among the growth,
inequality poverty, and non-poverty measures in a panel of selected Latin America and the
Caribbean countries. The results show that Gini index, Py, Py, and P, has a median values
of 51.225, 8.155, 3.315 and 2.045 respectively. The poverty gap has a highest peak of the
distribution, followed by squared poverty gap, headcount ratio, average monthly per capita
income, and Gini index. The average monthly per capita survey income expenditure has an
average value of 378.276 USS$, having a standard deviation value of 127.690 US$ with
positively skewed distribution. The mean value of children out of school, expenditures on
primary education, infant mortality rate, life expectancy at birth, population growth, and
expenditures on secondary education is about 6.134% of primary school age, 41.012% of
education expenditures, 25.167 per 1000 live births, 71.823 years, 1.515%, and 29.610%
of education expenditures.

Table 2 Panel-B shows the estimates of correlation coefficient and found that all the
poverty measures including Py, P;, and P, has a positive correlation with the income
inequality (i.e., r = 0.592, r = 0.567, and r = 0.519 respectively) while negative corre-
lation with the per capita average monthly income (r = —0.731, r = —0.633, and
r = —0.552 respectively). The result implies that higher economic growth lead to decrease
poverty measures which confirmed the necessary condition of poverty reduction, while
higher income inequality substantially increase poverty measures, which does not con-
firmed the sufficient condition of poverty reduction. The correlation results exhibit that the
impact of higher economic growth to poverty reduction is greater than the impact of higher
income inequality to increase poverty measures, which partially supported the theory of
trickledown hypothesis in a panel of selected countries. The results further confirm the
negative correlation between per capita income and income inequality that is the desirable
condition of pro-poor growth process in a panel of selected Latin America and the Car-
ibbean countries. The impact of children out of school, primary education expenditures,
infant mortality rate, and population growth is positive on F-G-T measures of poverty
indices, i.e., higher the stated non-poverty measures, higher will be the poverty incidence,
while the impact of life expectancy at birth and secondary education expenditures on F-G—
T measures of poverty indices is negative, which exhibit that higher the stated non-poverty
measuress lesser,will be the poverty incidence in a panel of countries. These results has
been empirically estimated in the subsequent analysis of regression apparatus, where linear
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and non-linear growth components included in hierarchal regression nodes to confirm the
‘linear’, U-shaped’, and ‘asymptotic’ relationship between growth, inequality, and poverty
in a region. Figure 2 shows the plots of differenced data of the candidate variables for
ready reference.

Table 3 shows the estimates of panel random effect, panel OLS regression, and system
panel GMM estimator under the absence of non-linear growth components. The results of
panel random effect regression reveal that per capita income has a negative relationship
with the all F-G-T measures of poverty i.e., Py, P;, and P,, while income inequality has a
positive relationship with all three F-G-T measures of poverty. In terms of elasticity, the
results of poverty elasticity of growth and poverty elasticity of income inequality shows the
more elastic relationship, as the coefficient value is greater than the value of unity. The
results further imply that income inequality has a greater impact in order to increase all the
three F-G-T measures of poverty as compared to the per capita income for decreasing
poverty measures in a panel of selected Latin America and the Caribbean countries. The
similar results has been found in panel OLS regression apparatus, where one per cent
increase in the per capita income significantly decreases the headcount ratio by —1.883%,
poverty gap by —1.938%, and squared poverty gap by —1.683%, while income inequality
considerably increases poverty headcount by 3.911, 4.599, and 5.473% respectively. The
important point is to be noted that the impact of per capita income on poverty reduction in
panel OLS regression apparatus is less than the estimates of panel random effect, while the
impact of income inequality on escalating poverty in panel OLS regression is far greater
than the estimates of panel random effect regression. The intensity to increase income
inequality in panel OLS regression estimates is obvious due to ignore the country specific
and time variant shocks in a panel of selected countries. The results of system panel GMM
estimator shows that average household survey income has a significant and negative
relationship with the poverty headcount, i.e., if there is 1% increase in average household
income, poverty declines around 0.777% points, however, the impact of income inequality
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Fig. 2 Plots of differenced data. Note: ‘D’ indicates first difference. Source: World Bank (2015a, b)
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on F-G-T measures of poverty incidence is statistically insignificant during the study time
period. The impact of children out of school is positive on squared poverty gap in panel
fixed effect regression while it has a negative impact on poverty headcount and poverty gap
in panel OLS settings. The impact of primary education, life expectancy at birth, and
population growth is positive in F-G-T measures of poverty indices, while the infant
mortality rate significantly influenced the squared poverty gap in a panel of selected
countries. The overall results imply that the impact of economic growth and income
inequality on poverty estimates confirmed the ‘negative linear’ relationship between them
under the absence of non-linear growth components. Ravallion (2001) argued that the
relationship between growth, inequality, and poverty in cross-country correlations required
more in depth micro analysis to confined their impact on each other, while available
evidence provoke that poors received greater benefits from rapid economic growth while
received lesser benefits from economic contraction due to unjustified economic distribu-
tion. Dollar and Kraay (2002) confirmed that aggregate affluence has a considerable impact
on poorest quintile for raising their average incomes that would helpful to reduce poverty
across the countries. De Dominicis et al. (2008) concluded the Meta analysis for growth—
inequality relationship and confirmed the differences of results due to diverse econometric
applications, quality of data, and sample selection that produced controversial results
between the two variables. White and Anderson (2001) argued that in majority of the cases
across the world regions, growth effect dominates, while in fewer cases changes in income
distribution affects poors income. The study concluded that although growth effect dom-
inates, however, it is necessary to hold pattern of income distribution judiciously for pro-
poor growth reforms across the countries. Yao (1999) discussed different findings for pro-
poor growth reforms in China, while the major conclusion is that poverty incidence sen-
sitized by growth and inequality component that hinders the flow of economic benefits
towards poor peoples.

Table 4 shows the estimates of non-linear growth components in growth-inequality-
poverty triangle by panel random effect, panel OLS regression and panel GMM estimator.
The results of panel random effect reveal that square of per capita income considerably
decreases F-G-T measures of poverty indices, while square of income inequality have a
positive relationship with all the three F-G-T poverty measures. The similar results has
been obtained by panel OLS regression, where square of per capita income significantly
reduces poverty headcount, while income inequality increases poverty in the latter stages
of economic development. The interaction term of growth and inequality are also used to
assess the non-linear relationship between the variables that confirmed the negative rela-
tionship with F-G-T measures of poverty indices. The results of system panel GMM
estimates show that square of per capita income significantly reduces poverty headcount
and squared poverty gap, while the square of income inequality has a positive relationship
with all three F-G-T measures of poverty. The overall results do not confine any rea-
sonable U-shaped relationship among the variables. The impact of non-poverty measures
including children out of school, primary and secondary education expenditures, and infant
mortality rate has a positive impact on squared poverty gap in a panel random effect
regression, while it further followed the positive relationships of life expectancy at birth
and population growth with the F-G-T measures of poverty across nations. Janvry and
Sadoulet (2000) confirmed the strong linkages between growth—inequality—poverty triangle
and concluded that economic growth impacts positively on poverty reduction and nega-
tively on increasing income inequality, however, under the premises of higher secondary
school education, economic growth have a considerable greater impact on urban poverty
reduction. Shahbaz (2010) concluded that/economic growth has not a significant impact on
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inequality under the linear growth setting, while the study confirmed the existence of
Kuznets inverted U-shaped and inverted S-shaped relationship between growth and
inequality. Heshmati (2004) confirmed the global U-shaped Kuznets curve between eco-
nomic growth and income inequality, while the study further confirm the negative rela-
tionship between economic growth and income inequality across the countries.

Table 5 shows the estimates of linear and non-linear growth components in a single
regression apparatus and evaluated by panel random effect regression, panel OLS
regression, and system panel GMM estimator. The results of panel random effect reveal
that per capita income significantly reduces poverty head count and squared poverty gap,
while income inequality increases poverty headcount and poverty gap. Per capita income at
the later stages of development significantly reduces the poverty headcount, while inter-
action term decreases poverty gap in a region. In another regression apparatus, panel OLS
regression reveals that per capita income decreases the poverty headcount ratio, which
further prolonged to the later stages of economic development, as square of per capita
income significantly reduces the poverty headcount across nations. There is a monotonic
increasing relationship between income inequality and F-G-T measures of poverty indi-
ces, as income inequality increases poverty measures while the square of income inequality
does not show a significant relationship with the poverty indices. The estimates of panel
GMM confirm that the impact of household income expenditures and square of income on
poverty headcount and poverty gap is positive, while the interaction terms of income and
inequality reduces the F-G—T measures of poverty indices in a panel of countries. There is
a positive impact of children out of school, primary and secondary education expenditures,
and infant mortality rate on squared poverty gap, while the life expectancy and population
growth significantly influenced the F-G-T measures of poverty indices. Khan et al. (2016)
discussed the issues of labour market in terms of educational inequalities, health
inequalities and labor force unemployment, and emphasized the need of pro-equality and
pro-growth distribution for robust policy interventions to clear the market distortions
across nations. Ravallion and Chen (1997) concluded that economic growth supports to
reduce poverty in a good times while during recession, changes has been visible in poverty
incidence due to larger income inequality. The income distribution channel should be
checked and monitored during the good and bad times. Lin et al. (2009) argued that the
potential factor to hinders low income countries’ growth are the changes in the pattern of
flow of incomes between rich and poors, while higher inequality accelerate high -income
countries’ growth. The policies should be formulated to sustain broad based growth for
lower income countries, while policies to develop the income distribution channel in favor
of poors more than non-poors for high income countries.

The other diagnostic tests for the given model confirm that the Sargan-Hansen
J-statistics value is insignificant that favor the prescribed instrumental lists in the study. In
addition, serial correlation tests detected by AR(1) and AR(2) confirm that the error term at
the first difference are not correlated with the exogenous variables, therefore, we may
safely conclude that there is no problem of serial correlation in a given model. The
diagnostic tests for panel random effect and panel OLS regression indicate the goodness of
fit of the model by desired range of adjusted R-squared, along with significance F-statistics,
which confirm the model stability at 1% level of significance.

Table 6 shows the estimates of poverty interdependence pro-poor growth index and
poverty interdependence equivalent growth rate, which combines both the linear and non-
linear growth components. in an existing pro-poor growth index. This index would be better
and comprehend from previous available pro-poor growth indices as its included non-linear
growth components to overcome the problem of non-linearity in pro-poor growth process.
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The results show that Argentina-Urban (Household survey data i.e., 1991 and 2013) is
intrinsically not considered as a pro-poor, although the country has a greater share of
poverty elasticity of growth as compared to the poverty elasticity of inequality, however,
the lower value of poverty intensive pro-poor growth index may not pronounce pro-poor
growth and poors not marginally benefited from existing growth reforms in a country.
Belize (1993 and 1999) although has a negative annual growth rate of —21.260, however,
this negative growth rate subsequently reduces income inequality that favor the poors. The
value of poverty intensive pro-poor growth index surpasses the threshold value of unity,
which indicates that the growth process was highly pro-poor and poors’ received marginal
benefits as compared to the non-poors in a country. The case study of Bolivia (1990 and
2013) is very interesting, as on one side, under the presence of poverty gap and squared
poverty gap, the larger share value of inequality and lower share value of economic growth
tends to become ‘immiserize’ the growth index, as the index value becomes negative,
while in case of severity of poverty, the positive and lower value of growth elasticity of
poverty, and positive and larger value of inequality elasticity of poverty surpasses the index
value is greater than unity, which exhibit that poors whom have a distance far from the
poverty line received marginal benefits as compared to the ultra poors and non-poors in a
country. The Columbia-urban (1988 and 1991), Costa Rica (1981 and 2013), and Jamaica
(1988 and 2004) are highly pro-poor countries, as the index value is greater than unity, and
poors received marginal gains from the existing growth reforms that were held in a par-
ticular countries. Venezuela (1981 and 2006) shows highly pro-poor growth index in case
of poverty head count and poverty gap, while the index value becomes less than the
threshold value of unity in case of squared poverty gap. One of the major reason for anti-
poor growth in case of severity of poverty is that the elasticity value of income inequality is
almost double than the elasticity value of per capita income that ‘immiserize’ the growth
index becomes negative. The remaining countries such as, Brazil (1981 and 2013), Chile
(1987 and 2013), Dominican Republic (1986 and 2013), El Salvador (1991 and 2013),
Guatemala (1986 and 2011), Mexico (1989 and 2012), Nicaragua (1993 and 2009),
Panama (1989 and 2013), Paraguay (1989 and 2013), and Uruguay (1992 and 2005), all
countries shows that the growth index is negative, which Bhagwati (1988) calls the ‘im-
miserizing’ growth phase. This growth phase is attributed because of two main reasons, at
first, high per capita income considerably increase F-G-T measures of poverty (rather than
reducing poverty), and secondly, the share of income inequality relative to increasing
poverty is far greater than the beneficial impact of per capita growth, which offsets the
growth effects relative to the rising inequality in a country profiles.

The overall results of poverty interdependence pro-poor growth index comparatively
more robust and pragmatic in a sense that it has included not only linear components of
growth, while it has included non-linear growth components, which previously largely
ignored while making pro-poor growth indices. The gains and/or losses of growth are
further assessed by the poverty interdependence equivalent growth rate, which merely
satisfied the monotonicity criterion of pro-poor growth and poverty reduction. Both the
indices fairly accompanied with the linear and non-linear growth components that previ-
ously crowded by the linearity proposition of pro-poor growth rates. The study provoke
that this new measure of pro-poor growth index provide better survey results as compared
to the available pro-poor growth indices in development literature.
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4 Conclusions

The objective of the study is to examine the linear and non-linear relationships between
growth, inequality, poverty, and non-poverty measures in a panel of 18 selected Latin
America and the Caribbean countries by utilizing the different household available surveys
for the periods of 1981-2012. The study proposed a new measure of pro-poor growth
index, called poverty interdependence growth index (PIGI), which are based on non-linear
symmetric poverty decomposition that evaluates the pro-poor growth reforms in the later
stages of economic development. This index further satisfied the monotonicity criterion of
pro-poor growth and poverty reduction, called ‘poverty interdependence equivalent growth
index (PIEGI)’ that evaluates the gains and/or losses of growth. The following key results
has been drawn by this exercise i.e.,

1. Panel correlation results confirm the ‘negative linear’ relationships between the
growth, inequality and poverty under the absence of non-linear growth components,
while this result further confirmed through panel fixed effect, panel least square
regression, and system panel GMM estimates.

2. While including both linear and non-linear growth components in growth-inequality-
poverty triangle, the study was not confined any reasonable form of relationships either
‘U-shaped’ or ‘asymptotic’ relationship between the variables.

3. The population growth, education, and health expenditures increase the F-G-T
measures of poverty indices across nations.

4. The study proposed a new form of pro-poor growth index, which includes both linear
and non-linear growth components in order to absorb the later stages of economic
development that were merely ignored in the available pro-poor growth indices.

5. This index, we called ‘poverty interdependence pro-poor growth index’ that falls in the
strict definition of pro-poor growth under relative approach, which merely based on
poverty line and poverty measures.

6. This index further extended to capture the gains and/or losses of growth that satisfied
both necessary and sufficient condition of poverty reduction. We judged this index by
the product (multiplication) of poverty interdependence pro-poor growth index and the
actual growth rate of survey income between two time periods, called poverty
interdependence pro-poor growth rate.

7. The results of proposed pro-poor growth indices show that out of 18 selected Latin
America and the Caribbean countries, only 4 countries show the highly pro-poor
growth, which confirm that the growth process facilitate the poors as compared to the
non-poors. We classified this situation as ‘trickle down’, where lower income strata
group get benefited from the existing growth reforms held in a countries.

8. Further, there are 11 countries that have a negative index value, which are merely two
main reasons i.e., firstly, the higher economic growth increases poverty, secondly, the
share of income inequality into increasing poverty is far greater than the impact of
economic growth on poverty, which we referred this situation as ‘immiserizing’
growth phenomenon in particular countries.

9. Finally, there are three countries that shows anti-poor growth, where growth process
benefited the non-poors as compared to the poors in their countries.

The study concludes that economic growth does not necessarily translate the poverty
reduction; if -and.only.if; . there.should.bejudicious income distribution channels that
facilitate and expedite the process of pro-poor growth reforms across the countries. The
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policies should be formulated in order to sustained broad-based growth along with rational
income distribution channel that would get marginally benefited the poors as compared
with the non-poors. For broad-based growth, it is necessary to include social expenditures
in pro-poor growth agenda, which would facilitate the poors to escape out from poverty;
while for rational income distribution, the policy makers and government officials required
a comprehend taxation policies that should be flexible and elastic, and fulfill the basis of
pro-equality growth notions.
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