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Chapter 1. Preface

After working most of my career in poverty and development topics the question on

what are the underlying structural causes of poverty always keep revolving around

my mind. It is shocking to observe first hand how some households struggle to keep

living just out of poverty, while others never manage to get out of it. This is specially

concerning in Latin America and the Caribbean region which is well known for being

the most unequal region in the word.

This motivation fuelled by curiosity and a certain knowledge on the field push

me to research deeper in poverty measurement topics and how shocks may affect

permanently the poverty status of households. Indeed, an overview on the poverty

measurement literature makes evident that they are very concerned on doing de-

scriptive figures on the evolution of poverty across time but not that much in which

are the structural causes of this poverty (Foster, Greer, Thorbecke, 1984; Foster,

2009; Levy, 1977). For being able to find studies that try to understand the determi-

nants on income and how they evolve though time you have to look in all the strand

of intergenerational mobility literature (Becker and Tomen, 1979; Galor and Moav,

2004; Heckman and Mosso, 2014), poverty trap literature (Banerjee and Newman,

1993; Galor and Zeira, 1993; Dasgupta and Ray, 1986) and in general on the studies

concerning on the structural modelling of income (Carpio, Wohlgenant and Safley,

2008). Nevertheless, this literature leaves untouched the topic on how to measure

poverty founded in a structural model for the household income.

The detachment between a strand of literature centred around the description

of evolution of poverty and another strand interested in the structural modelling of

income worry me not only as an economist, but also as a policy maker, as this dis-

connection may end up in a wasted opportunity to design more efficient and effective

anti poverty policies.

Nonetheless, as is common in research, I was not the first one considering the

lack of economic modelling a problem in poverty measurement. Certainly, Carter

and Barrett (2006) in their seminal work pioneered the idea that a poverty mea-

surement should include also some form of behavioural foundation. In their work

they give the basis for a poverty measure that has some basic modelling of the be-
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haviour of economic agents. This poverty measure is in turn based on the concept

of poverty traps derived from macroeconomics. An abundant set of studies have

followed this theoretical framework trying to find the existence of poverty traps in

different socio-economic contexts (see for instance Dutta, 2015; You, 2014 and Gies-

bert and Schiendler, 2012 among others). However this new ideas also comes with

shortcomings. First, Carter and Barrett (2006) model is based in one very particular

behavioural result. Second, they ignore in their model the effect that income shocks

may have in a poverty trap. Third, all the works based on this literature focus almost

exclusively in rural areas. Fourth, surprisingly none of this empirical literature esti-

mate which percentage of households are trapped in poverty according to the Carter

and Barrett (2006) model, limiting themselves to test only the existence of a poverty

trap.

But why it is relevant to quantify and identify households trapped in poverty, and

not only to identify the existence of a poverty trap?. Carter and Barrett (2006) model

proposes to analyse the dynamic evolution of productive assets in possession of the

household. This is operationalized analysing the dynamic of the part of the income

explained by household productive assets. If the dynamic evolution of the productive

assets is not enough to produce income above a given monetary poverty line, the

household can be considered trapped in dynamic structural poverty. In other words,

if the productive assets in possession of the household are not enough to produce

income above the monetary poverty line, and the productive asset accumulation

process is not sufficient to produce income above the poverty line in subsequent

periods, the household is trapped in poverty and have no hopes to escape it.

A poverty measure based on this idea would allow to differentiate which house-

holds need a deep, long run intervention that supports them in the productive asset

accumulation process to leave poverty, from those households in a transitory mone-

tary poverty situation that may be alleviated trough temporarily cash transfers.

This thesis aims to add on these ideas improving in various fronts and intends

to create a bridge among the two streams of literature previously described which I

consider inexplicable disconnected.

The second chapter “Welfare and poverty traps in urban Colombia: an approach

from the asset dynamics perspective”, estimates the Carter an Barrett (2006) model
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for urban areas in Colombia. This is challenging because estimating the part of the

income that depends on productive assets in urban areas brings some technical com-

plications not present in rural areas. First, in rural areas and developing economies

with low social mobility, it is reasonable to assume that most household members

work in their own farm, making the productive assets in possession of the household

a good set of explanatory variables for household income. Second, as a consequence

of the first point, household surveys in rural areas ask for detailed information on

household productive assets. None of those conditions hold in urban areas, as house-

hold members may be employees or self-employed, and information in productive

assets is not very detailed.

After proposing various methods to overcome these technical difficulties and ap-

plying the Carter and Barrett (2006) model I found that under the particular be-

havioural assumptions proposed by Carter and Barrett (2006) there is not a poverty

trap in urban areas in Colombia.

The third chapter titled “Household income dynamics and income convergence:

a new way to measure poverty”, is still based on the idea of measuring the existence

of a poverty trap modelling the evolution of the part of the income explained by

productive assets. Nevertheless, this chapter proposes various improvements on the

Carter and Barrett (2006) model. First, it explores a different functional form of the

asset dynamics to test the existence of a structural dynamic poverty trap following

Phillips and Sul (2007). Second, this methodology allows to identify and quantify

what households are trapped in dynamic structural poverty. Under this estimation

methodology I found that 5.8% of households in three main urban areas in Colom-

bia are trapped in dynamic structural poverty. Third, the methodology proposed

here addresses the fact that, despite the asset dynamics being the most important

component on income evolution, shocks to income cannot be ignored and must be

modelled jointly. On this respect, I propose to complement the modelling of the as-

set dynamics with a model of shocks persistence proposed by Arellano, Blundell and

Bonhomme (2017). The results here show that income shocks at households trapped

in dynamic structural poverty are less persistent compared with the income shocks

of other households. As a consequence, households trapped in dynamic structural

poverty facing positive income shocks, are temporary lifted out of monetary poverty,

but the dynamics of structural income push them below the monetary poverty line

3



again in the long run.

The third chapter makes visible the importance of income shocks when modelling

income, and in particular poverty. For this reason, the fourth chapter focuses on

measuring how well Colombian households are shielded against health shocks that

may end up hurting the household capacity to accumulate productive assets and to

generate income. Following this idea the fourth chapter of this thesis is called “The

effect of different types of health insurance on health outcomes, medical care use,

and risk protection: evidence from Colombia”.

The health insurance system in Colombia is comprised by three types of insurance:

individuals with private insurance, individuals on public funded health insurance for

the poor and the uninsured population. This topic has been previously studied for

Colombia, but in a different public policy setting.

Previous studies found that right after its introduction, the health insurance for

the poor increased the use of preventive healthcare services when comparing them

with individuals belonging to the private insurance, or those who were uninsured

(Miller et. al, 2013; Camacho and Conover, 2013). This was due to the introduction

of the public funded insurance for the poor in 1993 increasing access to healthcare

services and risk protection for poorer households with little to no access for those

services previously. For 2009, near-universal healthcare coverage was reached and

with it, the goals of the public policy were adjusted accordingly. 2010 onwards the

equalization of the scope and rights in healthcare services among the three health

insurance types have been pursued. This was tested, using data for Colombia for the

years 2010, 2013 and 2016 through a Fuzzy Regression Discontinuity design. The

results show that in 2010 and onwards, there is no significant difference among the

three possible health insurance types in outcomes related to health status, medical

care use, risk protection against illness and behavioural distortions in urban areas.

The result support the hypothesis of reaching the goal of the equalization in health-

care services, even for the uninsured population, who before 2009 were not entitled

to most of healthcare services.
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Chapter 2. Welfare and poverty traps in urban

Colombia: an approach from the asset dynamics

perspective

Abstract

This paper examines the existence of poverty traps through household asset dy-

namics in urban Colombia. Using two different panel data surveys between 2007-

2010 and 2010-2013 a variety of methods for estimating asset dynamic poverty

traps were used. This is one of the few works that deal with the estimation of

poverty traps in urban areas opening the door to a couple of technical problems,

primarily related to the fact that in urban households the working members may

be either employed or self-employed. The main result shows that even after consid-

ering this intrinsic characteristic of the urban households, there is no evidence in

favour of the existence of a poverty trap in the 14 main Colombian cities, while the

results are mixed for the other urban areas depending on the estimation method.

This paper also finds that depending on the estimation method there may be

one or three dynamic equilibria of the proxy for household assets. In the case of

the existence of multiple equilibria the question on the mechanism that makes a

household converge to a high or low equilibrium remains open.

Keywords: Poverty trap, Multiple equilibria, Single equilibrium, Asset dynam-

ics, Welfare dynamics

JEL classification: I31, I32, J24, J44, J46, O11, O12, O17, C14, C18, C21,

C23. C26
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1. Introduction

The measurement of poverty is a relevant topic open to discussion, as it is a difficult

task not only from a conceptual framework but also from the applied perspective. The

usual poverty measurements have dealt extensively with the problem of static poverty

comparing the household income with a given monetary poverty line (Foster, Greer,

Thorbeck, 1984). Later this conceptual framework was extended to develop the

idea of multidimensional poverty as the aggregation of static poverty indices across

multiple dimensions beyond monetary, including but not limited to health, education

and other dimensions considered relevant to individual welfare (Filmer and Pritchett,

2001; Bourguignon and Chakravarty, 2003; Maggio, 2004; Ravallion, 1994; Kai-Yuen,

2002). More recently dynamic poverty measurements have been introduce, mainly

aggregating static poverty indices through time (Calvo and Dercon, 2007; Fuji, 2014

and Gradin, Del Rio and Canto, 2012).

Such poverty measurements are easy to implement as they require typically low

quantities of information (usually limited to cross-sectional data) and are straightfor-

ward to construct. Nevertheless, this simplicity implies a lack of economic modelling

on the poverty measurement. This is a determining characteristic, as it does not

allow making precise policy evaluation, in the sense that besides the predesigned

treatment-control environment is not possible to determine how public policies affect

poverty. Even in the context of treatment-control experimental design, the conclu-

sions on the effects of public policies are based merely on statistical models that do

not allow understanding the individual’s decision process, like the emergence of sub-

stitution/income effects once an individual becomes part of a public policy program.

In this sense, Carter and Barrett (2006) propose a set of poverty measurements that

allow not only to distinguish the structural foundations of poverty but also to give a

glance at the long-term persistence of structural poverty.

The poverty trap models based in the macroeconomic context allow to classify

households according to their long-term, persistent poverty status through a further

understanding of the underlying patterns of asset dynamics and its relation with the

income generating process of the household.

A wide range of applied papers have embarked in the search for poverty traps
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in different countries based on the Carter and Barrett (2006) theoretical framework.

The idea of such literature is to find a proxy to the long run income of the household,

i.e the income that is explained by the possession of productive assets, and then

study the dynamics of such long run income. If a poverty trap exists in the Carter

and Barrett (2006) fashion, an S-shaped structural income dynamics with multiple

equilibria should be found. Not only that, but the lowest stable equilibria should

be below the monetary poverty line. On the empirical side, the estimation of such

poverty traps has been done mainly through two step methods, first estimating the

long run income and second estimating the dynamic relationship among the long run

income on two points of time (Carter and Barrett, 2006; Naschold, 2012 and Giesbert

and Schindler, 2012) using non-parametric methods (Lybbert et. al , 2004; Barrett

et. al, 2006; Quisumbing and Baulch, 2013) and semiparametric methods (Kwak and

Smith, 2013; Gomez and Lopez, 2013; You, 2014).

Despite such extensive literature dealing with the topic, there are still many edges

untouched. First, to the best of my knowledge the only paper trying to estimate such

poverty traps in urban areas is Antman and McKenzie (2008). The authors develop a

method to estimate dynamic panel data models in the presence of measurement error

as they use a survey that only asks for labour income, while any poverty measurement

by income should include all sources of household income. Second, estimating poverty

traps for urban areas implies having to deal with some technical complications that

rural areas do not face. On the one hand, in rural areas it is usually assumed that

all household members work in the farm and therefore each household member faces

the same income generating function. This is an unrealistic approach in urban areas

as some household members may be self-employed while other may be employees.

On the other hand, in rural areas all households are assumed to be self-employed

working in their own farm. This again is an imprecise approach in urban contexts,

as households may vary between situations where all members of the household are

self-employed to situations where all of them are employees. This brings a problem

first noted by Pissarides and Weber (1989) who found that self-employed households

tend to underreport their income in tax forms and surveys in comparison with their

employee counterparts.

In this context, the goal of this paper is to estimate the existence of poverty traps

in Colombian urban areas following the theoretical framework of Carter and Barrett
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(2006) and the two step estimation approach proposed by Barrett et. al (2006) but in

this case taking into account the household composition between employed and self-

employed members. This paper contributes to the poverty measurement literature in

four main fronts: First it tests the existence of poverty traps in urban areas using the

total household income and testing it with two different surveys for urban areas in

Colombia. Second, it tests how the existence of poverty traps changes in respect to

different ways of aggregating the assets across members of the household. Mainly the

paper compares the results when using assets of the head of the household, average

possession of assets among workers and total assets among workers. Third, this paper

tests the existence of poverty traps when correcting for the income underreport of

the self-employed households. Finally, the paper compares the conclusion on the

existence of poverty traps among different estimation methods.

The results show that there is no a poverty trap in the Colombian cities. Despite

finding evidence of highly nonlinear income dynamics with an S-shaped function as

hypothesised by Carter and Barrett (2006) none of the stable equilibria is below

the income poverty line, ruling out the existence of such poverty trap. The different

methods of aggregation of assets and the correction for the income underreport of the

self-employed households do not affect the general shape of the income dynamics, but

do affect the number of statistically significant equilibria. Nevertheless, the estimated

shape of the income dynamics changes according to the estimation method. The two-

step procedure tends to find a single equilibrium while the more flexible estimation

methods (non-parametric and semiparametric) tend to find two or more significant

equilibria. This implies that in the 14 main Colombian cities, social mobility exists

as households below the poverty line tend to move through time out of poverty. For

the other urban areas (different from the 14 main cities) the evidence is more mixed,

as the income dynamic function shows that in some cases there is low social mobility.

The remainder of this paper is organized as follows: section 2 presents the the-

oretical framework, section 3 makes a brief summary on the literature on poverty

trap estimations using household data, section 4 describes briefly the two Colombian

surveys used to estimate the existence of poverty traps in urban areas between 2007-

2010 and 2010-2013; section 5 pin down the methods used in the paper. Section 6

shows the results of estimating the poverty trap presented in section 2 with the data

described in section 4. Finally, section 7 presents briefly the conclusions and research
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agenda.

2. Theoretical Framework

On the one hand, the notion of poverty trap is directly derived from macroeconomic

growth theory. As defined by Azariadis and Stachurski (2005) a poverty trap is a self-

reinforcing mechanism that causes poverty to persist. According to Arunachalam and

Shenoy (2016) the literature on poverty trap theories at a macroeconomic level can

be classified according to the cause of such poverty trap in geographical (Krugman,

1991), imperfect credit (Matsuyama, 2004; Quah, 1996), and coordination failure

(Murphy et al., 1989) causes. On the other hand, another set of theories focuses on

households. Theories of occupational choice and lack of physical capital (Banerjee

and Newman, 1993), human capital (Galor and Zeira, 1993), nutrition (Dasgupta and

Ray, 1986), and contractual distortions resulting from moral hazard (Mookherjee and

Ray, 2002) try to explain local inequality: why one family is poorer than another.

Given that inequality within countries explains a large part of the global distribution

of income (Bourguignon and Morrisson, 2002), the household poverty trap is no less

important than the economy-wide poverty trap.

As Antman and McKenzie (2007) note such variety of poverty trap theories has

lead to two different approaches when testing for poverty traps. One strand of the

empirical literature has attempted to test particular theories of poverty traps. A

second strand of recent literature has attempted to look directly at the dynamics

of income, expenditure or assets to test for non-convexities. This paper follows this

second approach, estimating the dynamics of the long run income. It follows the

seminal work of Carter and Barrett (2006) which proposed an asset-based approach

to distinguish a structural component of poverty, from poverty that may be overcome

naturally with time, due to a systemic income growth process. Consequently this

section reproduces various graphs, equations and arguments from Carter and Barrett

(2006).

Such distinction on the persistence of poverty leads to different poverty measure-

ments. According to Carter and Barrett (2006) taxonomy the poverty measurements

can be divided into four classes: The first generation that relies in the comparison of
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household income (or expenditure) with a monetary poverty line. This method relies

on cross sectional data. Such comparison allows to divide the population into poor

and non-poor, while the repeated application of said measurement to cross sectional

surveys through time would be a good description of the evolution of poverty.

The second generation of poverty measurements is based on panel data offering

repeated observations of households or individuals over time. This allows to divide

the population into three categories; those considered always poor, those considered

transitory poor and those who are never poor (Carter and Barrett, 2006).

The third generation of poverty measurements acknowledges that the first and

second generation are based only on monetary metrics -either income or expenditure-

and ignores whether a household transitions in and out of poverty may be either

structural or stochastic. Carter and Barrett (2006) propose to use the concept of

asset based poverty line for being able to distinguish whether a household is poor

due to structural conditions or stochastic shocks. The idea behind this approach is

that the productive assets that a household possesses map into the income through

certain income generating function, allowing to isolate which part of the income is

due to productive assets -structural income- from the portion of the income which is

only transitory. Those poverty measurements allow to isolate the structural poverty

from the poverty due to stochastic events in a single period.

The fourth generation of poverty measurements should allow not only to distin-

guish the structural foundations of poverty but also to give a glance at the long-term

persistence of structural poverty. In Carter and Barrett (2006) words, “the analysis

based on the asset poverty line cannot [...] identify whether the currently struc-

turally poor are likely to remain poor over the longer term, caught in a poverty trap,

or whether some of the structurally non-poor may remain non-poor over the longer

term”. This kind of decomposition requires not only to be able to model the dynam-

ics of income, but also to include an analysis of the dynamic evolution of the assets,

which in the theoretical framework determine the evolution of the structural income

(Carter and Barrett, 2006).
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2.1 The Asset Based Approach

This section borrows from Carter and Barrett (2006). As defined previously, the asset

poverty line allows to distinguish the households who do not have enough assets to

generate a level of expenditure or income above the monetary poverty line. The

relationship between assets and income (or expenditures) can be modelled using

what Carter and Barrett (2006) call a “expected livelihood function”. The difficulty

in implementing this concepts comes from the necessity to estimate a livelihood

mapping between assets and expenditures (or income) through some econometric

model.

Following Carter and Barrett (2006) definition the dynamic asset poverty line

distinguishes households caught in a long-term structural poverty trap from those

expected to follow an upward trajectory, that is, the households that have structural

economic mobility and therefore accumulate assets through time such that are able

to leave poverty. This section explains the theoretical foundations for the dynamic

asset poverty line as developed by Carter and Barrett (2006). Such asset poverty line

is in simple words the “threshold at which accumulation dynamics bifurcate, leading

to multiple dynamic welfare equilibria, including the possibility of a poverty trap”

(Carter and Barrett, 2006).

Similar to the country case, in the household case may also exist locally increas-

ing returns to scale leading to multiple equilibria, and reducing the ability of poor

households to catch up and converge at the same equilibrium than their richest coun-

terparts. By definition, locally increasing returns implies a positive relation between

wealth (measured in this context by the level of assets) and the marginal returns

to assets. According to Carter and Barrett (2006) at the household level, such pos-

itive relationship between wealth and marginal returns can exist for at least three

reasons. First, the income generating process may itself have increasing returns to

scale. Second, high return production processes usually exhibits a fixed entry cost

as a consequence of the need of a minimum project size such that only wealthier

households can afford to adopt said high return production process. Third, lower

wealth households may prefer to allocate their assets to reduce risk exposure, invest-

ing in productive activities with low expected returns and low risk, making marginal

returns to wealth lower for lower wealth households.
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Carter and Barrett (2006) illustrates the existence of the asset poverty line with

an example. Let L1 and L2 be two productive activities in which a household may

take part of. As usual, both production technologies are assumed to have decreasing

returns to scale, but L2 has a minimum scale of operation due to sunk cost. Figure

1 shows such pair of technologies and the optimal choice of household assets, which

in this case coincides with the steady state value for the assets. In this example it is

assumed that the household is restricted to only one of such technologies.

Let A∗
1 be the asset steady state value for households confined to productive ac-

tivity L1, generating an income level of U∗
L. Let A∗

2 be the equivalent for productive

activity L2, converging to the the steady state income U∗
H . Figure 1 shows this situ-

ation assuming that the asset poverty line, A, lies between A∗
1 and A∗

2 . If this is the

case any household restricted to productive activity L1 that consequently converges

to equilibrium A∗
1, would be caught in a poverty trap despite the fact that a non-

poor equilibrium exists in A∗
2. Given this theoretical situation what would be the

optimal productive activity chose by the households?. If there are no other external

constrains to the adoption of a given production technology, Figure 1 shows that, if

on the one hand, a household has a level of assets between 0 and AS, the optimal

livelihood choice is productive activity L1. On the other hand, if a household pos-

sesses a level of assets above AS, L2 would be the optimal livelihood choice. Despite

both of these livelihood functions exhibiting diminishing returns, there are locally

increasing returns in the neighbourhood of AS, as the marginal return to assets just

above AS is higher than the marginal return to assets just below AS (Carter and

Barrett, 2006).

Carter and Barrett (2006) argue that this situations may be reflected in actual

circumstances. For instance, in rural areas, households possessing more assets may

adopt higher return crop varieties, or in urban areas, wealthier households may have

access to better education resulting in white-collar employment rather than unskilled

casual wage labour.
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Figure 1: Asset poverty with multiple livelihood options

Source: Carter and Barrett (2006).

From a static point of view the poorer households might use productive technology

L1. Nevertheless, from a dynamic perspective the relevant question is if the locally

increasing returns around AS is an actual barrier on the asset accumulation process of

the poorest households, impeding them to accumulate assets and cross over asset level

AS, which would allow them to catch up with the richest households. In other words

whether or not household investing and accumulation behaviour would be induced

by the low marginal returns generated under the technology L1 when such household

tries to accumulate assets beyond the optimal point A∗
1. In Carter and Barrett (2006)

words: “A forward-looking household would know that while the marginal returns to

further accumulation beyond A∗
1 are low, increased accumulation has strategic value

in moving the household closer to the asset level(s) where returns sharply increase”.

The household’s best choice would be to borrow enough capital so that it could

increase its asset possession to reach a higher return asset level.

In this context Carter and Barrett (2006) introduce the basic intuition of the

dynamic asset poverty line. The authors argue that according to the distance of the

households to the points A∗
1 and AS they may prefer to de-accumulate assets and
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settle down on the static optimal asset quantity A∗
1 (if they are in fact closer to A∗

1),

or accumulate assets up to AS where increasing returns occur, if they are not far

from AS. Zimmerman and Carter (2003) identify such threshold as the Micawber

frontier and define it as:

A Micawber threshold, is the critical asset threshold below which

it is no longer rational or feasible to pursue the autarchic ac-

cumulation strategy. If it exists, the Micawber threshold thus

constitutes a dynamic asset poverty threshold, analogous to the

static asset poverty line discussed before. Households whose as-

sets place them above that threshold would be expected to escape

poverty over time, while those below would not. One needs to

identify this dynamic asset poverty threshold in order to disag-

gregate the structurally poor into those expected to escape poverty

on their own over time through predictable asset accumulation

and those expected to be trapped in poverty indefinitely. (Carter

and Barrett, 2006 p.190)

In this case the authors assume a given Micawber threshold (or asset dynamic

poverty line) in the point A∗, and assume that A∗<AS. The main implication of the

idea previously described is that households with assets above A∗ will accumulate

assets, regardless of having lower marginal returns to asset than the returns obtained

in the statical optimal, A∗
1. After reaching the point AS (to be more precise when

the household assets surpass AS) the new statical optimal becomes to “ switch to

livelihood strategy L2 and to grow to a steady state level of capital, A∗
2 ” (Carter and

Barrett, 2006). On the contrary, households with assets between 0 and A∗ would not

find optimal to make the sacrifices needed to reach AS, settling down in the steady

state level of capital, A∗
1.

The top panel of figure 2 shows the situation previously described in the plane

assets (At) on the horizontal axis and utility on the vertical axis. The bottom panel of

the same figure shows what the implication of a hypothetical situation like this would

be for asset dynamics, representing the households assets in t on the horizontal axis

(At) and the household assets in a future period on the vertical axis (At+k). Carter
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and Barrett (2006) claim that in this example the difference between the income

poverty line, the static assert poverty line and the dynamic asset poverty line can

be seen. Indeed, the dynamic asset poverty line (A∗) do not coincide with the static

poverty line (A), nor with the point where households optimally change in the static

problem from the livelihood alternative L1 to L2 (AS) and, as expected, is not related

with the monetary poverty line.

As shown in the bottom panel of figure 2 and from a dynamic perspective, A∗ is

an unstable dynamic asset equilibrium. As with any unstable dynamic equilibrium,

if a households possesses assets above A∗ the dynamic evolution of the assets will

make households to accumulate assets up to reaching the stable equilibrium A∗
H ,

yielding steady state utility U∗
H which is located above the income poverty line. On

the contrary, if a household have initial assets between 0 and A∗ will shed assets

due to the dynamic of the asset accumulation process, and reach the asset steady

state A∗
L, generating a utility level U∗

L, well below the income poverty line. In this

case, given the stable nature of the equilibrium at A∗
L, this would act as an attractor,

impeding the household to accumulate assets that allow them to produce a level of

income above the poverty line. In conclusion, those households would be trapped in

dynamic structural poverty.

The fourth generation of poverty measurements allows to distinguish people in

transitory structural poverty from those trapped in dynamic structural poverty. This

mechanism is described in Carter and Barrett (2006) words as “ in this particular case

[...] (A∗
L < A∗ < A), the structurally poor at any point time (those with assets below

A) can be divided into those who will be persistently poor (A<A∗) and those who

will eventually surpass A on their way to the high level equilibrium, A∗
H (A∗<A<A)”.
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Figure 2: The dynamic asset poverty line

Source: Carter and Barrett (2006).

Carter and Barrett (2006) model consider only the possibility of a poverty trap
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with some multiple equilibria (two stable equilibria and one unstable) which would

allow households to escape such trap under certain circumstances. Nevertheless,

other authors recognise the possibility of the existence of such poverty trap even in

the context of a single stable dynamic equilibrium. Dutta (2015) illustrates that

situation with the Figure 3. It shows in the horizontal axis the household assets in

a given initial period t, while the vertical axes show the household assets in a final

period, t + k. In practice household asset dynamics can have any shape, and in

particular may have only one stable equilibrium which may be either above poverty

line, like in cc’, converging to A2, where no households are trapped in dynamic

structural poverty. In contrast, if asset dynamics follow bb’, the single steady-state

is on A1, below the poverty line, forcing all households following said dynamics into

a dynamic structural poverty trap.

Figure 3: Different patterns of asset dynamics

Source: Dutta (2015).

In general, as Kwak and Smith (2013) point out there is no reason why, even
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in the case of the existence of multiple equilibria, the lowest equilibrium in figure 3

(AL) must be below any commonly accepted poverty line. In the case of a single

equilibrium it may be well below the poverty line (be in a poverty trap) or above the

poverty line as shown by Dutta (2015). In the most extreme situations household

asset dynamics may always be below the 45-degree line, in which case everyone is

subject to a poverty trap converging to zero income (Antman and McKenzie, 2007).

An important feature usually overlooked in this literature is the analysis on the

relationship between the asset dynamics and the 45-degree line. The idea here is di-

rectly extracted from macroeconomics: along the 45-degree line At = At+k, therefore

if the estimated dynamics of assets is below this line, then At > At+k. This means

that the household assets are shrinking and, assuming that the asset dynamics remain

the same across time, the household assets would keep moving along the estimated

dynamics (for instance aa’) period by period, eventually reaching the line At = At+k.

On the contrary, if At < At+k the household assets would be somewhere above the

45-degree line continuously increasing and reaching the point where At = At+k along

the estimated dynamics.

The empirical literature on this topic usually operationalize At as the part of the

household per-capita income (or expenditure) divided by the monetary poverty line

in t, explained by assets in possession of the household. The mechanism previously

describe is founded on the comparability of the variables in the two axis. In this

sense, it would imply that the household per capita income divided by the poverty

line in t (explained by assets) is comparable with the household per capita income

divided by the poverty line in t + k (explained by assets). This requires that the

quotient of the per capita income to the poverty line represent the same in t and

t+ k; therefore, it is necessary to assume that the poverty line evolves through time

at the same pace than the household per capita income. In fact, the construction

process of the monetary poverty line includes this characteristic in its estimation, as

will be explained later.

If this assumption does not hold, the line that represents the dynamic equilibrium

in figure 3 may have any other angle, different than 45 degrees.
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2.2 Poverty traps in urban areas

The first step in estimating a dynamic poverty trap is estimating some proxy for

livelihood conditions. Some authors call it an asset index, while some others call it

simply the long run income or structural income in the sense that it is the part of

the total income that can be explained by the possession of productive assets.

Most of the literature estimate such livelihood condition proxy running a regres-

sion between the per capita income (or expenditure) of the household divided by the

poverty line as left hand side variable, and the assets used to generate such income

or expenditure as exogenous variables. The predicted value of the per capita income

in such regression is interpreted as the “long run” or “structural” income. This type

of approach is usually used to estimate such poverty traps for rural areas with only

very few studies focusing on urban areas.

The empirical estimation of poverty traps based on those methods have a strong

theoretical support for the rural areas. In the first place, because households who live

in rural areas obtain most of their income from the agricultural production, making

the relation between household income and physical productive inputs very strong.

From a theoretical perspective estimating a function like this would just be estimating

a profit function, considering each rural household as a different production unit. In

second place, in developing and poor countries where the income inequality between

urban and rural areas is higher, rural households usually have low opportunities for

social intergenerational mobility, which in turn implies that most of the household

members work as farmers in the production unit owned by the household. Then,

when estimating the profit function for the farm it is realistic to assume that the

household income is generated by a unique production function which combines all

the members of the household as labour force with all the physical inputs as capital

stock.

Nevertheless, this very same method of estimation rises some concerns when deal-

ing with poverty traps in urban areas. First, as Antman and Mackenzie (2007) note

“if the set of productive physical assets available for measurement is small (as in

many urban contexts) or income shocks are persistent, the dynamics of the compo-

nent of income which is predictable from assets may differ greatly from the dynamics

of true income”. These asset-based approaches appear do work well in rural settings
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where one well measured major asset, such as cattle, is the main source of income.

However, such approach has yet to be tested in urban contexts. Second, the ag-

gregation within households is itself a problem. The income (dependent variable) is

easy to aggregate, as it is possible just to add up the value of all the income across

members of the household and across activities using the same periodicity. The main

problem is on how to aggregate the inputs, for instance, which education level to

use as proxy to the human capital of the household: average education of working

members, total education of working members or education of the head of the house-

hold. This in the case of every single member of the household having the same

activity and therefore being able to assume that the income generating function of

all members of the household is the same. If the members of the household engage

in different activities and therefore different income generating functions (employee,

self-employee, entrepreneur) the problem becomes worst. This rises a third concern.

As the income generating function changes per activity, ideally, the income of each

individual should be modelled jointly with the occupational choice.

This paper focuses on dealing with the aggregation problem when estimating

poverty traps in urban areas. The reason for this is that household surveys in urban

areas have little information on productive assets. Furthermore, having few infor-

mation on productive assets is a problem only when most of the individual income

is derived from capital-intensive entrepreneurial or self-employed activities. However

most of the urban inhabitants derive their income from being an employee. In prac-

tical terms, this implies that the only capital stock they bring to the labour market

is their own human capital in the form of education and work experience. From the

perspective of the firm who hire such kind of workers, its own profit function would

include as inputs the capital stock (owned and managed by the firm), the labour force

and some measurement of human capital. From the perspective of the employee and

the household, the main inputs they bring to the labour market are education and

work experience, while the wage is the return for such input.

With respect to the simultaneity of income and occupational choice, this is a

complicated issue in itself and it goes well beyond the reach of this paper.

There are few papers that have dealt in the past with the problem of aggregating

human capital for the household and estimating the human capital return for the
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household as a whole. Yang and Yuying (2001) develop a two-sector model for mea-

suring the returns of human capital when the household members engage in different

activities. In this case the authors want to model the difference in returns to human

capital between agricultural and non-agricultural sectors. This is a very similar case

to the one I am concerned where households would have members typically working

as self-employee or entrepreneur (similar to the agricultural sector) and employees

(similar to other non-agricultural activities). The model has two types of factors. On

the one hand, a quasi-fixed factor that links the two production activities. On the

other hand, a factor which is activity-specific. The key characteristic of the model

is that the choice of the quasi-fixed factor should satisfy a cross-activity, household

resource constraint.

The authors model three profit functions. An aggregate profit function for the

household across members and activities, and two other profit functions for each

specific activity. They specify formal schooling and experience as the key components

of family human capital that enhance efficiency. Education is measured as the total

years of schooling of all household workers, and experience as the sum of workers’

years of experience, which is approximated by age minus schooling minus 7. A

justification for these stock measures is that, because education and experience are

costly investments, the attainments of all household workers are expected to have

positive returns. These specifications enable them to compute the total returns to

human capital, from estimating the aggregate profit function.

Laszlo (2005) estimates the returns to education for rural households in Peru

who obtain a share of their income from non-farm self-employment endeavours. The

main question of this paper is “how does the household stock of human capital affect

household earnings when the household engages in more than one activity”. For an-

swering this, the article explores the aggregation of individual education levels within

the household and how the aggregate household education affects total household in-

come. In their model the earnings return to education depends on the way in which

household schooling aggregates over individual schooling levels. Under this setting

the solution of the model chooses aggregate household schooling in order to maximise

household utility.

The author identifies two main effects. First, the worker effect representing the
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effect of schooling on wage through marginal productivity of labour. Second, what

he calls an allocative effect which is related with the allocation efficiency of inputs

within household production function, in this case, choosing optimally the allocation

of human capital across activities. The estimation of such a model is done using as

dependent variable the per capita household earnings from all sources of labour in-

come and as exogenous variable the average years of education for household members

aged 15 and above.

Another difficulty in the estimation process of poverty traps in urban context is

related to the self-employed status of the household and was first pointed out by

Pissarides and Weber (1989). In their seminal paper, they found that households

where most of the members of the household are self-employees tend to underreport

total income for purposes of tax evasion. Not only that, but a growing body of

literature including Hurst, Li and Pugsley (2014), Kim, Gibson and Chung (2015),

Engstrom and Hagen (2017) and Johansson (2005) found that this pattern of self-

employed households underreporting their income is common, not only in tax forms,

but also in household surveys.

Pissarides and Weber (1989) develop a method for finding in which proportion

the self-employed households underreport their income. Following Engstrom and

Hagen (2017), the Pissarides and Weber (1989) (PW now on) approach is shown in

figure 4. Lets define c = log(CF ), in words, the natural logarithm of total household

consumption, while y denotes the natural logarithm of the disposable income, y =

log(Y F ). Assuming a linear relationship between the log of the consumption and

the log of the disposable income, the figure shows the log-linear Engel curve for self-

employed households (SE ) and for wage earners (WE ). The difference between the

point where the curve for the wage earners crosses the vertical axis and the point

where the curve for the self-employed crosses the vertical axis is an estimation of the

amount of income underreporting of the self-employed in comparison with the wage

earners.
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Figure 4: Engle curves for for wage earners (WE) and self-employed (SE)

Source: Engstrom and Hagen (2017).

Engstrom and Hagen (2017) describe four assumptions needed for such a model

to be reliable. First, the elasticity of consumption with respect to income, β, is equal

for the two groups. This is illustrated by the curves having the same slope. Second,

there is no systematic misreporting of expenditures between the two groups. The

item of expenditure that most likely fulfils this assumption is food. There is little

reason to lie about food consumption and it is also easy to report. Third, on the

one hand, self-employed households underreport their income by a constant factor.

On the other hand, wage earners report their income truthfully. Fourth, individuals

who misreport their income in surveys do it in the same way to the tax authorities,

as this was the situation originally studied by PW.

Using data for self-employed households and wage earners, Engstrom and Hagen

(2017) propose to estimate the degree of underreporting among the self-employed

through this equation:
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cit = Xiα + βyit + γSEit + εit (1)

here i, t represent the household and year identifiers respectively. Xi is a set

of variables determining consumption, while SEit is a variable taking on the value

of one if the household is self-employed and zero otherwise. εit is an error term

assumed to be randomly distributed. The parameter of interest is γ, which after some

transformations captures the degree of income underreporting by th self-employed

households and in this particular setting captures the difference in intercept between

the two Engel curves. Let κ be the fraction of true income reported by the self-

employed. After some trivial algebra, it can be shown that κ̂ = exp(−γ̂/β̂), therefore,

κ̂ can be estimated from equation 1. Form here, 1-κ would be the proportion in which

the self-employed households underreport their income.

Pissarides and Weber (1989) work is based on the idea that the income measure

that should be included in this model is some proxy for the permanent income instead

of current income. Nevertheless Engstrom and Hagen (2017) argue that measures of

permanent income are scarce resulting in the use of current income which in turn, as

showed by them, overestimate the degree of income underreporting by self-employed

households.

Hurst, Li and Pugsley (2014), Kim, Gibson and Chung (2015) and Johansson

(2005) have used instrumental variable estimations to use as proxy for the permanent

income. Nevertheless, Engstrom and Hagen (2017) argue that in general “finding

instruments that affect consumption only through permanent income is difficult, plus

the impossibility to directly test the exclusion restriction without access to permanent

income”.

3. Empirical Literature Review

Chart 1 shows in an schematic way an overview of the papers that have been written

on the topic of the estimation of poverty traps using household data. The chart

shows the country in which the study was conducted, the estimation and econometric

specification and the main result in terms of whether the authors found the existence
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of a poverty trap. Some of this papers will be used as further reference and explored

deeper in the methodological section (section 5).

Summing up, the results of these studies are mixed in terms of the existence of

a poverty trap itself and the number of equilibria found. In particular, on the one

hand, for the rural areas of India, Ethiopia, México, Mozambique, Bangladesh and El

Salvador a single equilibrium conducting to a poverty trap was found. On the other

hand, multiple equilibria with one of the equilibrium leading to a poverty trap were

found for rural areas on China, South Africa, Madagascar and Ethiopia. Finally,

only one study found no poverty trap in rural China. When studying the literature

carefully it can be concluded that the results are not robust to the estimation method

(parametric, semi-parametric and non-parametric), the specification for the estima-

tion of the household assets (linear or non-linear) and the measurement of household

productive assets.
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4. Data

This study estimates the existence of poverty traps in urban areas in Colombia. For

such task a panel data following urban households for more than one period is needed.

There are only two panel data surveys that follows urban households in Colombia:

First, the Fedesarrollo Longitudinal Social Survey (FLSS) and second, the Colombian

Longitudinal Survey by Universidad de los Andes (CLSA). This section shows some

basic descriptives of each survey and discuss their representativeness.

4.1 Fedesarrollo Longitudinal Social Survey

This study uses a subset of the Fedesarrollo Longitudinal Social Survey (FLSS) that

followed urban households in Colombia from 2004 to 2010. The first round of the

Fedesarrollo Longitudinal Social Survey (FLSS) was conducted in 1999, and from

2004 to 2010 it followed a group of households for 6 consecutive years (Fedesarrollo,

2010). This survey allows the characterization of urban households through time in

aspects as dwelling quality, welfare conditions, demographic conditions, health, edu-

cation and labour market. Since 2007 it also asks for a wide range of shocks suffered

by the household during last year including health shocks, labour shocks, crime vic-

timization, and different ways of coping with those difficulties like buying insurance,

savings or access to credit. In 2008 and 2009, additionally to those questions it asks

for the probability of suffering a shock in the next year and -in case of suffering- the

ways in that the household has planned to deal with it.

In 2007 the survey sampled the urban population of Bogotá, Bucaramanga and

Cali. Thereafter the universe was expanded also to the cities of Medelĺın, Barran-

quilla, Manizales, Pasto, Pereira, Cúcuta, Ibagué, Monteŕıa, Cartagena y Villavicen-

cio. In 2010 -the last year when the survey was conducted- it was representative for

the urban population for those 13 cities, which accounts approximately for 39.2% of

the Colombian population for that year.

As almost every probabilistic panel survey the FLSS is exposed to attrition due

to failing to follow the same set of households during the whole period, so that

the sampling was designed as a rotating panel where a certain part of the original
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sample was replaced with new observations every year. According to the technical

documentation in 2010 just 57.9% of the original sample in 2008 was still observed. In

the same way, only 43.2% (802 households) of the original sample in 2007 is observed

in 2010. This is an important characteristic to consider, as some of the econometric

models require having observations for certain variables across all the periods of time

(a balanced sample), implying that the survey has 802 households that constitutes

a balanced sample. Nevertheless it is not expected that all the 802 households have

information for all the variables necessary to implement the econometric models

described, so the final balanced sample of households that have information on the

relevant variables for the years 2007, 2008, 2009 and 2010 is 684.

There is a remarkable tradeoff between using the panel data sample from the

years 2007-2010 or 2008-2010. In the first case, the sample will follow only the cities

of Bogotá, Bucaramanga and Cali and 802 households, while in the second case it

would use 13 cities and 2609 households.

As one of the main goals of this paper is to estimate changes in long run income,

we used the panel data with the longest time dimension, but the smallest cross

section sample. Therefore, the final sample covers the years 2007-2010 and the cities

of Bogotá, Bucaramanga and Cali. It is representative of the population of these

three cities and the 22.3% of the total population in Colombia.

A key aspect of this model when implemented empirically is the monetary poverty

line. In this case I am not concerned with comparing period by period the monetary

poverty line with the household income directly; nevertheless it should be used as a

reference when estimating a model like the one proposed in figure 3. In Colombia the

monetary poverty line is estimated by the National Institute of Statistics (DANE in

spanish) using expenditure surveys. With this surveys the value of a “basic food bas-

ket” is estimated, and said value corresponds to the extreme poverty line (MESEP,

2012). To obtain the monetary poverty line, an estimation of the proportion of food

expenditure in total expenditure is needed which can also be performed with the ex-

penditure survey. Once this proportion is estimated (called Orshansky coefficient),

it is multiplied by the value of the extreme poverty line and the result is the mon-

etary poverty line (MESEP, 2012). For this period, the monetary poverty line was

estimated with an expenditure survey for the year 2007 and updated year by year
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by the National Institute of Statistics using the consumer price index for low income

households. I use the official monetary poverty line values year by year in this work.

Row 1 of figure 5 shows the kernel density estimates of the adult equivalent per

capita income per household divided by the poverty line1 in the years 2007 and 2010

for the FLSS. Both graphs show the poverty line as dotted and both show a skewness

to the right as it is expected from any income distribution, where values of the income

tend to be concentrated in lower quantiles while the further the income is from zero,

the less values tend to be after the highest peak. In the case of the existence of a

poverty trap, or in general, the existence of two equilibria in the income generating

process it would be expected to see a bimodal density, which is the case in the 2007

adult equivalent per capita income divided by the poverty line but not for the same

variable in 2010. In both cases the mode of the distribution is above the poverty line.

The left graph on the third row of the figure 5 shows the scatter plot between the

adult equivalent per capita income per household divided by the poverty line for both

years. Despise the existence of a general positive relation among the two variables,

hypothesizing that such relation is linear is, at least, reckless. As Carter and Barrett

(2006) point out, on one hand, estimating a parametric model for such kind of relation

is not flexible enough for capturing the non-linearities that should be allowed. On the

other hand, a full non-parametric model would allow a more flexible functional form

but would not be able to distinguish whether what exists is a nonlinear relationship

instead of just heterogeneity in the income due to non-observable characteristics.

Table 1A show the basic descriptives of the variables used in the econometric mod-

els for the FLSS. First, it is important to note that I am only considering households

that didn’t move among cities between the two rounds of the survey, so the distribu-

tion of the households in the whole period when the survey was conducted remains

1The per capita income adjusted by adult equivalence and standardized by the monetary poverty
line (Yit) is calculated based on the adult equivalence scale estimated by Muñoz (2014) for Colombia:

Yit =
(

Total Household Incomeit
1+0.7089∗(Adultsit−1)+0.6822∗Childrenit+0.6628∗Teenagersit

)(
1

Poverty linet

)
where Total Household Incomeit is the household income from all sources and all members, for

the household i at period t. Adultsit is the number of household members 18+ years old for the
household i at period t, Childrenit is the number of household members between 0 and 7 years old
and Teenagersit is the number of household members between 8 and 17 years old. Poverty lineit is
the urban poverty line for the year t.
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the same. 50.3% is located in Bogotá, 45.3% is located in Cali and the remaining

4.4% is living in Bucaramanga. The employment rate among household members

decreases in 2 percentual points, from 49.8% to 47.9%. The age of the head of the

household increases by approximately 3 years as is expected, while the education of

the head of the household increases only in 0.3 years of education. This little incre-

ment in head of household’s education is due, mainly, to the average age of the head

of the household. The proportion of members between 0 and 12 years old decreases

from 15.8% to 11.7%, which is an expected characteristic in urban populations with

low birth rates, and, which is complemented with an increase in the proportion of

members of 62+ years old which goes from 17.5% to 21.8%. The per capita income

adjusted by adult equivalency and standardized by poverty line increases from 1.9

to 2.5 between 2007 and 2010. In other words, the average income of the household

changes from 1.9 times the poverty line to 2.5 times the poverty line.

With respect to the exogenous variables that are aggregated over different house-

hold members, we have that the total age of working members decreases from 61.5

to 58.5 years old on average, which would be consistent with younger people com-

ing into the labour market while the elders getting retired. Consistently with this

finding, the total education of the workers decreases also from 19.18 to 18.73 years.

When dealing with the averages over the worker members we found that the average

age and average education increases. This result is contradictory with the totals

due to not all the households having income from work, but some of them have it

from members who are 62+ years old. If this is the case, when taking averages over

education and age, the denominator of such calculation is zero, implying that those

households become a missing value. Finally, the number of self-employed members

decreases from almost 1.1 to 0.9.

4.2 Colombian Longitudinal Survey by Universidad de los An-

des

The Colombian Longitudinal Survey by Universidad de los Andes (CLSA) had its

first round in 2010 and its second round in 2013. On its first round, it interviewed in

total 10.164 households with representativeness on five regions (Atlántica, Paćıfica,

Central, Oriental and Bogotá). Of those 10.164 only 9.830 households were intended
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to follow. Out of those 9.830 households (5.275) 53.66% are located in urban areas,

while the remaining 4.555 (46.3%) are located in rural areas (Universidad de los

Andes, 2014). In the second round, only 8.848 households could be interviewed which

leads to an attrition rate of 9.9%. Of those 8.848 households, 4430 are urban, making

this the final number of households in urban areas in the panel. Unfortunately, not all

those households have the required variables for the econometric models I am running.

This leave me with a final effective sample of 2.718 households, of which 51.8% belong

to the 14 main cities (Bogotá, Bucaramanga, Cali, Medelĺın, Barranquilla, Manizales,

Pasto, Pereira, Cúcuta, Ibagué, Monteŕıa, Cartagena, Santa Marta and Villavicencio)

and 48.1% belong to other urban areas.

In terms of the structure of the survey it is very similar to the FLSS as it asks

for dwelling quality, welfare conditions, demographic conditions, health, education,

labour market, shocks and mechanisms for coping with those shocks. Nevertheless,

different from the FLSS, the CLSA only asks for education and labour market vari-

ables for the head of the household and its partner in 2010, ruling out the possibility

of using different aggregations over the variables of the workers of the household

when estimating the econometric models.

Row 2 of figure 5 shows the density estimations for the adult equivalent per capita

income per household divided by the poverty line in the years 2010 and 2013 for the

CLSA. In this case, none of the two densities show a bimodal pattern, and, while in

2010 the poverty line seems to be very close to the mode of the estimated density, in

2013 the poverty line is below the mode of the density. In both cases the estimated

density has the expected pattern when dealing with per-capita income. As with the

FLSS, nothing can be said from the scatter plot between the income variables in 2013

and 2010, except that there exist a positive relation among them, that seems to be

either nonlinear or very heteroskedastic.

Table 1B shows the descriptives of the variables used for estimating the econo-

metric models. As expected, the age of the head of the household increased in around

3.2 years, from 42 years old in 2010 to 45.22 years old in 2013. The proportion of

members between 0 and 12 years old also decreases from .23 to 0.20 which is pre-

dictable as we are dealing with urban households where low birth rates are expected.

Therefore, on average, is expected that after three years, more people become older
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than 12 years old, than the new-borns in the household. This is consistent with the

proportion of members 62+ years old increasing from 0.05 to 0.06. The adult equiv-

alent per capita income per household divided by the poverty line increases from

1.95 to 2.32 while the education of the head of the household increases from 11.21 to

12.29. The proportion of self-employed heads of the household increases a little from

52.1% to 52.8%.

As the CLSA only asks for labour variables for the head of the household and its

partner, such variables are also included in the econometric models for the partner of

the head of the household. All the changes in the variables of the partner of the head

of the household show a similar behaviour to those of the head of the household. The

education of the partner of the head of the household increases from 11.20 to 12.46,

the age of the partner increases from 38.55 to 42.49 and the proportion of partners

with a self-employed status decreases from 0.57 to 0.54.

As a final remark, it is important to say that the FLSS and CLSA are not compa-

rable given that they are dealing with different periods of time and different samples.

The FLSS uses only three main cities in Colombia while the CLSA includes 14 main

cities and 73 other urban areas in Colombia, so it is expected that the sample behaves

differently between the two surveys. A way to make the figures comparable would

be to select the same three cities on the CLSA and then do the descriptives only for

the same three cities that exists in the FLSS. Nevertheless, we are not able to do this

given confidentiality agreements with the households taking part on the CLSA.
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5. Methodology

From a theoretical stand point this paper follows the framework of Carter and Barrett

(2006). I look for a poverty trap with three equilibria: two stable and one unstable.

From the empirical side of the topic, the estimation of dynamic poverty traps has

been done following a wide variety of econometric methodologies as shown in the

empirical literature review section. Such methodologies range from simpler models

like OLS, IV, any kind of data panel models -including FE and dynamic-, GMM, and

ending up in non-parametric or semi-parametric regression models. In this section,

I discuss the econometric methodologies used to estimate dynamic poverty traps in

this paper.

As Barrett et.al (2006) point out, the disentangling of the causes of poverty

implies being able to distinguish whether a household exits poverty due to structural

causes, like capital accumulation, which would allow them to remain out of poverty

permanently, from the cases where the household merely enjoys a temporary exit

from poverty due to increases in the transitory income.

This conceptual framework has implications on the empirical strategy that should

be used to estimate the existence of such poverty traps. In particular, Barrett et.al

(2006) proposes to separate the structural or long term income from the transitory or

short term income estimating the current observed income as function of the produc-

tive assets used to generate such income (estimate the so-called income generating

function). After having this estimation, the predicted income may be considered the

structural income, as it is the part of the observed income that can be explained only

by productive assets.

This process can be repeated for different periods of time (different months, years,

trimesters) regressing the current income on the current possession of productive

assets for finding the structural income on each period. After having the structural

income in any two points of time it is possible to estimate the non-linear relationship

between the structural income in period t+ k and the structural income in period t.

As Carter and Barrett (2006) argue, this last step should be made in a flexible way,

such that the current structural income can take any functional form when explained

by the lagged structural income. For this reason, most authors decide to estimate
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this model using non-parametric regression methods.

Here I have used a variety of methods for testing the robustness of the results

to the estimation method. First, following Lybbert et. al (2004), Barrett et. al

(2006), Quisumbing and Baulch (2012), Maxwell at. al (2013) and Mukasa (2015), I

run a Kernel-weighted local polynomial smoothing regression of the adult equivalent

income divided by the poverty line in 2010 (2013) using data of the FLSS (CLSA),

on the adult equivalent income divided by the poverty line in 2007 (2010). This

first model is merely descriptive, as it is only a broad approach to the nonlinear

relationship among the current observed income in the two periods of time. No

further conclusions can be drawn from this descriptive exercise as I am using the

observed income, including its transitory component.

Second, following Barrett et.al (2006), Adato, Carter and May (2006), Naschold

(2012), Giesbert and Schindler (2012), Gomez and Lopez (2013) and You (2014), I

implemented a two steps procedure. In the first step, I estimated the long run income

using OLS, explaining the structural income as a function of a set of variables that

I consider relevant in the income generating function for urban areas. This was

done separately for 2010 (2013) and 2007 (2010), allowing different coefficients for

the explanatory variables in both years. In the second step, I run a Kernel-weighted

local polynomial smoothing regression of the structural income (i.e predicted income)

in 2010 (2013) explained by the structural income in 2007 (2010).

Third, following Naschold (2012) and Mukasa (2015) I implemented again the

two-step procedure, but this time the first step was estimated by means of a fix

effects model per household using the four years I have data for in the FLSS (2007,

2008, 2009 and 2010). This implies that now the coefficients of the explanatory

variables are restricted to be the same for all the years. In the second step, again, a

Kernel-weighted local polynomial smoothing regression of the structural income (i.e

predicted income) in 2010 (2013) explained by the structural income in 2007 (2010)

was estimated.

Fourth, using the method proposed by Zhou and Turvey (2015), I implemented

the same two steps procedure, but in this case acknowledging that the current income

in the first step may be simultaneously determined with the years of education of the

household (represented by the years of education of the head of the household, average
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education of the workers or total education of the workers). I used as instruments

the education level reached by the head of the household of the household where the

head of the household grew up (presumably the education of the father or mother of

the head of the household), the working status of the head of the household of the

household where the head of the household grew up (presumably the working status

of the father or mother of the head of the household in the past) and the self-reported

poverty status of the household where the head of the household grew up.

Finally, I run a semi-parametric regression in the fashion of Kwak and Smith

(2013), Gomez and Lopez (2013), You (2014) and Mukasa (2015), using as dependent

variable the adult equivalent income as proportion of the poverty line in 2010 (2013),

including in the parametric part of the regression the same controls than in the OLS

model, and in the non-parametric part the adult equivalent income as a proportion

of the poverty line in 2007 (2010) for capturing non-linearities on the dynamics of

the income. In particular, I used Robinson’s semiparametric regression estimator.

After estimating this set of models as the baseline, I jump into the correction of the

aggregation problem of households in urban areas. Two problems should be addressed

here. First, the aggregation of the exogenous variables. Second, the possible income

underreport of the self-employed households. For solving the first problem, multiple

papers have shown that theoretically different aggregations are possible. Yang and

Yuying (2002) use the total education and total work experience of the members

of the household, while Laszlo (2005) uses average education of members of the

household 15+ years old. Besides these examples, most of the literature in this field

uses the education and work experience of the head of the household when estimating

the total income of the household. Here, I compare the results of the poverty trap

estimations using these three measures of the education and work experience of the

household when possible. For solving the second problem, the estimations of the

poverty trap were repeated, but this time correcting for the potential underreport of

income of the self-employed households.

For this purpose, I follow the Pissarides and Weber (1989) methodology. As ex-

plained before, trying to find to what extent self-employed households underreport

their income possess a series of empirical problems, since the Engel curve is a sta-

ble relationship between the long-term income and the expenditure. The problem
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then becomes how to estimate the expenditure as a function of the long run income

and the self-employed status of the head of the household. Most of the literature,

including Hurst, Li and Pugsley (2014), Kim, Gibson and Chung (2017), Engstrom

and Holmlund (2017), Johansson (2005) and Pissarides and Weber (1989) use an IV

approach for estimating the effect of the long run income in expenditure. Those pa-

pers estimate an IV model of the current expenditure as left hand side variable using

as right hand side variable the current income, but instrumenting such income with

education. Conceptually this means that, first, education is highly correlated with

the short-term income, and that the prediction of a regression between the current

income and education can be interpreted as the long-term income. Second, education

only affects expenditure through long run income but not through any other control

included in the regression.

Hurst, Li and Pugsley (2015) and Engstrom and Hagen (2017) use as proxy for

long run income a three years average of the current income and then run the model

by OLS while Kim, Gibson and Chung (2015) uses a between effects model which

itself averages the right hand and the left hand side variables in the model.

Finally, Kukk and Staehr (2014) note that the way in which a self-employed

household is identified is critical in the results. Therefore, they consider two different

definitions; the self-reported employment status of the head of the household and a

definition based on the share of total household income coming from business-related

income. The latter definition assumes a given threshold and ascribes a household

as self-employed if the share of business related income in total income exceeds this

threshold. I also investigate the importance of the choice of this threshold value.

Once the underreport rate for the income of the self-employed households is es-

timated, the household income is corrected by that rate and the poverty trap model

is estimated again to see if such correction has any effect on the poverty trap result.
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6. Results

6.1 Fedesarrollo Longitudinal Social Survey: 2007-2010

Figure 6 shows the result of a kernel-weighted local polynomial smoothing regression

of the adult equivalent per capita income per household divided by the poverty line

in 2010, on the same variable for the year 2007. The top left graph shows the result

of the model estimated using an Epanechnikov kernel while the top right graph shows

the results of the model using a Gaussian kernel. Both graphs on the top, use a rule of

thumb to select the bandwidth and a second-degree polynomial approximation in the

smoothing process. The bottom graphs use data driven, optimal bandwidth selection

methods, a linear local approximation, an Epanechnikov kernel, and restricted the

sample to households with an adult equivalent per capita income divided by the

poverty line less than 15. In terms of the shape of the estimation all results are

very similar: the shape of the estimated function is nonlinear and oscillating around

the 45-degree line showing on some parts of the domain the S-shaped hypothesized

by Carter and Barrett (2006). Every point where the estimated function crosses

the 45-degree line can be considered a dynamic equilibrium of the adult equivalent

per capita income per household. Therefore, after identifying them it should be

identified whether such equilibrium is stable or unstable and whether it is statistically

significant.

One equilibrium can be defined as statistically significant if the punctual estima-

tion crosses the 45-degree line, while also the interval of the estimated function crosses

the 45-degree line completely, before and after the crossing point of the punctual esti-

mation and in different directions. In other words, for instance, an equilibrium would

be significant if the interval containing it, changes from being completely above the

45-degree line to be completely below the 45-degree line.

Following such criteria, the top graph on the left shows only one stable equi-

librium just above one (one being the dotted line) as the estimated interval never

crosses completely above the 45-degree line. The figure on the top right shows in-

stead, between 3 and 4 significant equilibria in an S-shaped function more in line

with what was proposed by Carter and Barrett (2006). In both cases, the lower

equilibrium crosses above 1 implying that despite the non-linearity of the household
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income dynamics, no evidence of a poverty trap is found. The bottom graphs test if

said non-linearities are driven by outlayers in the top portion of the distribution, the

choosing of bandwidths or the polynomial approximation. The result shows that de-

spite the existence of less significant equilibria, the fitted models still show important

non-linearities.
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Figure 6

Non parametric regression of the Household per Capita Income Divided by the Poverty Line
2007 (Horizontal axis) vs. 2010 (Vertical axis)

FLSS: Fedesarrollo Longitudinal Social Survey. 2007-2010
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Table 2 implements the two-step procedure, in fashion of Adato, Carter and May

(2006), Naschold (2012) and Zhou and Turvey (2015). Here, the table shows the

results if the income generating function of the household is approximated using

head of the household variables as proxy for inputs of the household. In particu-

lar, the model controls for age and age square as proxy for work experience, years

of education as human capital input, the employment rate among the members of

the household, calculated with the same formula used by the Colombian statistical

office2, the proportion of members of the household between 0 and 12 years old, the

proportion of members of the household 62+ years old, the number of self-employed

members of the household, using the self-reported status, and two city dummies for

the cities of Bogotá and Cali.

Columns 1 and 2 run the model for the years 2010 and 2007 using OLS allowing

for the coefficients in the income generating function to change between the two

years. Column 3 estimates de model for the four years I have data (2007, 2008,

2009 and 2010) using fixed effects which in turn implies that the effect of the inputs

in the income do not change on different years. Columns 4 and 5 repeat the OLS

exercise for both years, but acknowledging the possible endogeneity of the variable

education in respect to the income. Therefore, an instrument that is correlated only

with education and correlated with the household income only through the education

should be used. In this case, the survey asks for the education of the head of the

household where the head of the household grew up, the working status of the head

of the household where the head of the household grew up and the self-reported

economic status of the household where the head of the household grew up.

2For being more precise with the working status variables, various definitions should be consid-
ered. First of all, the total population can be divided in working age population (people between 12
and 65 years old) and those who don’t belong to the working age population (people below 12 years
and older than 65 years). The working age population is divided among the occupied individuals
(people who declare that they spent most part of the last week working, or people who declare that
they spent most of the time during the last week working in his/her own business), the unemployed
(people who claim that was looking for a job during the last four weeks and who was able to accept
one in case of being offered some but didn’t find one) and the inactive (people who declare that is
permanent unable to work due to physical condition, people who declare that do not want to find
a job or start a business, people who spend most of their time studying, people who haven’t tried
to find a job in the last four weeks, and those who are not available to take a job in case of being
offered). The occupied fraction of the population can be divided in employee, sub-employed, inde-
pendent worker (including employer) and housekeeping activities. The employment rate is defined
as the quotient between the occupied population and the working age population.
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In general, the results show that the variables have the expected sign, or in case

of having the contrary sign, they are not significant. Age of the head of household

have a positive effect on the adult equivalent per capita household income while its

square is negative. In both cases, they are not significant. The years of education

and employment rate of the members of the household have a positive and significant

effect on the income. In the FE model education has a negative sign but it is not

significant. The proportion of members between 0 and 12 years old have a negative

and significant sign as they do not work and therefore, do not bring income home.

The proportion of members 62+ years old is not significant as some of them may not

produce any income at all, but some others are pensioners. Finally, the number of

self-employed members are significant only in the FE model.

This set of estimations were repeated using as inputs the average age of the

working members of the household and the average education of the working members

of the household. Appendix 1 shows the result of such model. In general, the results

are the same as for the model using the head of household variables. All the variables

have the expected sign, but only average years of education, employment rate among

household members and proportion of household members between 0 and 12 years

old are consistently significant among estimation methods. Different from the models

including head of the household variables, in this case in a couple of models the

proportion of members 62+ years old have a significant negative effect on the adult

equivalent per capita income. Appendix 2 repeats the same estimations but now

using total age of the workers among household members and total education of the

workers among household members. The results are basically the same, but now the

total age of the workers seem to have a negative effect on the adult equivalent per

capita income.

Table 2, Appendix 1 and Appendix 2 are different ways to estimate the first

step in the two step approach used by Adato, Carter and May (2006), Naschold

(2012) and Zhou and Turvey (2015). The second step is running a non-parametric

regression between the predicted adult equivalent per capita income divided by the

poverty line in 2010 and the prediction for the same variable in 2007. Figure 7 shows

such regressions using a kernel-weighted local polynomial smoothing regression with a

rectangular kernel, a 4th degree approach polynomial and the bandwidth selected by

a rule of thumb. Row 1 shows the results using averages for the exogenous variables.
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In this case, the results are somehow mixed and show the presence of zero or one

equilibria as the long run income in 2010 tend to be always above the 45-degree line.

In the cases where there is one equilibrium, it is above one, ruling out the presence of

a poverty trap. Row 2 shows results using totals for the exogenous variables. The FE

model shows two equilibria in an S-shaped function while the IV model shows one

unstable equilibrium below 1. When using head of the household exogenous variables

the FE model shows again an S-shaped estimated function with three equilibria two

stable and one unstable. In any case, all of them are well above 1.

The practical use of the predicted income as a proxy for the long run income

deserves further comment as it has many conceptual implications. First, I am using

the covariates with their changes trough time. This, jointly with the fact that the

OLS and IV models are run separately for each year, implies that the structural

income may change due to changes in the covariates or changes in the estimated

coefficients. Second, the FE model use all the 4 years of data for estimating the

structural income. In this case, the estimated coefficient is the same for the four years,

and as a consequence, all the variation in the structural income comes only from the

changes in the covariates. Third, two of the most important variables in the models

are either fixed or have a deterministic trend (age and education) when controlling

for head of the household variables. Fourth, the education and age variables of some

individuals (around 25% of the sample) present some inconsistencies on the reported

data (decreasing age or education in some periods). Hence, a procedure for correcting

this inconsistencies was applied, in an attempt to eliminate spurious variation in the

exogenous variables that would translate into the structural income.

This characteristics are relevant, as most of the models based on Carter and

Barrett (2006) allow covariates and coefficients to change over time, making the

changes in structural income a reflection of the changes in covariates and coefficients.

Nevertheless, some other questions may follow. For instance, what would be the effect

on income for the households with fixed covariates through time?; or what would be

the effect on total income for the population with fixed values of the covariates and

coefficients through time?. In the last case, the structural income of the household

would be the same across periods, and all the fluctuations in the observed income

would be captured by the model error (or income shocks). Indeed, as argued by

Sandoval (2019), to understand the full picture of the evolution of poverty is not
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enough to analyse only the evolution of the structural income, but said analysis should

be complemented with an analysis of the income shocks (or error in the structural

income model). The type of analysis assuming fixed covariates and interactions

between structural income and income shocks are beyond the scope of this study but

is of interest for future research.
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Table 2: Fedesarrollo Longitudinal Social Survey Two step results.

2007-2010.

Dependent variable: Adult equivalent per capita income divided by

the poverty line. Controls: Head of the Household Variables

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

VARIABLES OLS (2007) OLS (2010) FE IV (2007) IV (2010)

Age of head of the household 0.0153 0.0453 0.0061 0.0379 0.0759

(0.036) (0.056) (0.046) (0.039) (0.058)

Age of head of the household 2 -0.0000 -0.0001 -0.0000 -0.0000 -0.0001

(0.000) (0.001) (0.000) (0.000) (0.001)

Education of head of the household 0.1611*** 0.2329*** -0.0239 0.3344*** 0.4006***

(0.017) (0.025) (0.041) (0.034) (0.049)

Employment rate among household members 3.2935*** 2.1784*** 1.6843*** 3.3030*** 2.0646***

(0.292) (0.431) (0.209) (0.313) (0.446)

Proportion of members between 0 and 12 years old -2.3532*** -2.2357*** -0.2528 -1.7377*** -1.5229*

(0.472) (0.782) (0.551) (0.520) (0.835)

Proportion of members 62+ years old -0.3699 0.1582 -0.0942 -0.2610 0.1865

(0.368) (0.513) (0.424) (0.397) (0.530)

Number of self-employed household members 0.0700 0.0440 0.2982*** 0.1305 0.0626

(0.078) (0.132) (0.065) (0.085) (0.136)

Bogota -0.1468 0.4076 -0.3915 0.1894

(0.376) (0.567) (0.404) (0.586)

Cali -0.0800 0.3952 -0.3879 0.0952

(0.377) (0.568) (0.407) (0.589)

Constant -1.7273 -3.6253** 0.8804 -4.6910*** -6.7433***

(1.068) (1.717) (1.471) (1.245) (1.925)

Observations 684 684 2,739 677 677

R-squared 0.30 0.17 0.09 0.19 0.12

F 32.11 15.79 19.56 . .

Number of id hogar1 685

Year FE YES

Standard errors in parentheses

*** p<0.01, ** p<0.05, * p<0.1

Source: Author’s estimations using Fedesarrollo Longitudinal Social Survey. Note: 1/ The table presents the

first step in the multi-step approach proposed by Adato, Carter and May (2006). Columns 1 and 2 present

the results using OLS for estimating the first step for 2007 and 2010 separately. Column 3 show the results,

estimating the first step model using all the years available (2007, 2008, 2009, 2010) through an FE data panel

model. Columns 4 and 5 estimates the first step model using IV for the years 2007 and 2010 assuming that

the education of the head of the household shows reverse causality with respect to the adult equivalent income

divided by the poverty line. Education is instrumented with variables of the parents of the head of the household

such as education of the head of the household where the head of the household grew up, the working status

of the head of the household where the head of the household grew up and the self-reported economic status of

the household where the head of the household grew up.
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Appendix 3 shows the results of different specifications for estimating the poverty

trap model using the Robinson’s semiparametric estimator. Columns 1, 4 and 7

uses averages for exogenous variables, columns 2, 5 and 8 uses totals for exogenous

variables. Columns 3, 6 and 9 uses head of the household controls. Different kernel

methods were also used. Columns 1-3 uses Epanechnikov kernel while columns 4-6

uses Cosine kernel and columns 7-9 uses a Gaussian kernel. The usual variables are

significant with the right sign: education, employment rate among working members

and proportion of members between 0 and 12 years old. When using averages for

the exogenous variables age and age square are also significant with a positive and

negative effect respectively on the adult equivalent per capita income per household

divided by the poverty line in 2010.

Figure 8 shows the non-parametric part of the model for totals on the exogenous

variables and cosine and Gaussian kernels. The graphs at the top correspond to the

columns 5 and 7 on appendix 3, while the graphs at the bottom restrict the sample to

households with income below 15. The figures show the estimated adult equivalent

per capita income per household divided by the poverty line in 2010 as a function

of the observed adult equivalent per capita income per household divided by the

poverty line in 2007 relating them through a non-parametric function. In the graphs

at the top, there exist between 3 and 5 dynamic equilibria, as predicted by Carter

and Barrett (2006). In the graphs at the bottom there is at most one significant

equilibrium. As with the non-parametric specifications and two step specifications,

in all cases the lowest equilibrium is above one, ruling out the existence of a poverty

trap.
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Figure 8

Predicted adult equivalent per capita income divided by the poverty line in 2010
Fedesarrollo Longitudinal Social Survey: Semi-parametric results. 2007-2010.
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Source: Author’s estimations using Fedesarrollo Longitudinal Social Survey. Note: 1/ Result using the Robinson’s
semiparametric estimator. 2/ Variable in the vertical axis is the predicted adult equivalent per capita income in 2010,
while the controls includes in the parametric part the same controls included in Table 2 and in the non-parametric
part the observed adult equivalent per capita income in 2007. 3/ Top graphs uses all the range in all variables, bottom
graphs truncated the range at 15. 4/ All graphs use a rule of thumb for choosing the bandwidth and a polynomial
approximation of the 5th degree. The graphs on the left use a cosine kernel, while the graphs on the right use a
gaussian kernel. 5/ The dashed vertical and horizontal lines represent 1 i.e the point where the adult equivalent per
capita income is equal to the poverty line.
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6.1.1 Income under-report for self-employed households

The purpose of this section is to determine whether household income reported in

the Fedesarrollo Longitudinal Social Survey suffer from the income underreport of

the self-employed households described by Pissarides and Weber (1989). Appendix 4

shows the results of the total income underreport estimation using different estima-

tion methods (OLS, BE and IV) and different self-employed household definitions as

suggested by Kukk and Staehr (2014).

The different self-employment definitions include many variations. Definition 1

implies that a household is self-employed if at least one of the adult members of

the household report being self-employed. In this case a person is considered to

be self-employed if he works as a pawn, he works on his own business, or he is an

employer. In definition 2, I use the proportion of the income that is derived from

business and the fees received from independent work as a measure of the degree on

how self-employed the household is. Right after such a measure is created I define a

threshold above which a given household is considered self-employed.

Kukk and Staehr (2014) claim that the results may vary importantly depend-

ing on whether the household can be permanently classified as self-employed. In

other words, when using longitudinal data, two distinctions should be made: first

a household may be considered self-employed only when it is self-employed in every

single period. In the same way, a household is not self-employed when it is not self-

employed in any of the observed periods. This definition implies that the households

changing self-employed status through time should be ignored, restricting the sample

size. Second, in contraposition to this, if the household is considered self-employed

period by period individually, the sample is unrestricted.

All the possible combinations for such models were estimated. Appendix 4 shows

some of this models, while the others are available on request. In all cases the right-

hand side variable is the household food expenditure. The four years in the panel

were used, leading to a potential of 2740 observations (685 households followed in a

period of 4 years).

Columns 1 and 2 show the results for the OLS models. In this case a three-year

49



average income is used as a proxy for long run income. Column 1 uses the unrestricted

self-employed definition 2, with a threshold of 25%, i.e a household is considered to

be self-employed if more than 25% of its income is derived from business and fees

paid for independent work. Column 2 uses the same specification, but now following

the restricted self-employed definition. In both cases being a married couple, the size

of the household, the years of education of the head of the household and the long

run income have a positive effect on the household food expenditure. In the first

case, the estimated underreport rate is 38.4%. In the second case, it is 70%, but with

a much smaller sample.

Column 3 repeats the exercise but this time using the between effects model. This

type of model uses averages of the variables along the time dimension, mitigating a

little the endogeneity between household income and food expenditure. The signif-

icance and direction of the effects are similar to those on the OLS models. In this

case the estimated underreport rate is 68.1%, using the self-employed definition 1 for

the unrestricted sample.

Columns 4-6 repeat the exercise but now using the IV estimation method. In this

case, the household income is instrumented with variables that are supposed to be

correlated directly with household current income, and with food expenditure only

through long run income. The literature typically uses education of the head of the

household as a determinant of long run income. This survey in particular has other

information like the education of the head of the household where the head of the

household was raised, the working status of the head of the household where the head

of the household was raised and the self-reported economic status of the household

where the head of the household was raised. Using such variables as instruments,

I found that only household income and self-employment status are significant as

explanatory variables of the food expenditure. In those models the underreport rate

varies from 17.3% to 31.6%.

In all models the self-employment status is significant.

After finding the correction factor on the income, the next step is to proceed to

correct the income of the self-employed households inflating their income by the cor-

responding estimated rate and then re estimate the poverty trap models. Appendix

4a and 4b does exactly this, combining the different methods for estimating the un-
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derreport rate (OLS. IV, BE) with non-parametric and semiparametric estimation

methods for the poverty traps. Those two graphs use the long (unrestricted) sample.

In this case, the general result of the poverty trap models holds: they show a highly

nonlinear behaviour of the income dynamics around the 45-degree line with multiple

equilibria. Sometimes with 0, 2 or 3 significant equilibria.

Appendixes 4c and 4d repeat the exercise but using the short (restricted) sample.

In this case the general shape of the function still holds, but the estimation loses

power due to the drastic reduction on the sample size.

Finally, it is important to acknowledge that I am correcting the income vari-

able, only with the punctual estimation of the income underreport rate for the self-

employed households. As such rate is itself an estimation, its own standard error

should also be estimated and in turn, when making the poverty trap estimation,

the standard error of both estimations should be accumulated. In other words, ap-

pendixes 4a-4d shows only the smallest possible interval after correcting for income

underreport of the self-employed, and even in such case, the intervals for the poverty

trap estimations almost always contain the 45-degree line. If I were correcting the

intervals for taking into account the variance of the prediction of the underreport

rate, the amplitude of this interval would almost certainly always contain the 45-

degree line, leading to the conclusion that there is not any statistically significant

equilibrium.

6.2 Colombian Longitudinal Survey by Universidad los Andes:

2010-2013

This section deals with the estimation of poverty traps in urban areas in Colombia,

but using a different survey with more coverage in terms of sample size and rep-

resentativeness. Under this sample the estimations can be made for the 14 main

Colombian cities and other urban areas.

Figure 9 shows the results of repeating the non-parametric estimation conducted

in figure 6, under the same specification, for all the graphs, but in this case using

as dependent variable the adult equivalent per capita income per household divided

by the poverty line in 2013 and as independent variable the adult equivalent per
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capita income per household divided by the poverty line in 2010 for all urban areas

in Colombia, including 14 main cities and other urban areas.

At first sight, the results seem to be very similar of those of the Fedesarrollo

Longitudinal Social Survey. The estimated dynamics of the adult equivalent per

capita income per household fluctuate around the 45-degree line. When using the

Epanechnikov kernel there seems to be only one equilibrium (top left), while when

using the Gaussian kernel there seems to be two or three equilibria (top right). In

any case, none of the equilibria are below one, implying that there is not a poverty

trap despite existing a non-linear behaviour on the income dynamics and an S-shape

in such dynamics as predicted by Carter and Barrett (2006). Nevertheless, when

repeating the exercise restricting the sample to households with an adult equivalent

per capita income divided by the poverty line below 15 and data driven bandwidth

choosing methods, the result indicates that the estimated function is mostly linear.

This is evidence in favour of the hypothesis that the results for the graphs at the

top, are mainly driven by outliers or non-linearities in the highest percentiles of the

distribution. Indeed, when using this database, the households with higher income

in 2010 (households with adult equivalent per capita income in 2010 of 15 and above)

have lost income in 2013 as most of the estimated function above 15 is below the

45-degree line.
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Figure 9

Non parametric regression of the Household per Capita Income Divided by the Poverty Line
2010 (Horizontal axis) vs. 2013 (Vertical axis)

CLSA: Colombian Longitudinal Survey by Universidad los Andes. All urban areas. 2010-2013
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Appendixes 6A and 7A repeat the non-parametric estimation procedure, but now

separating the results between 14 main cities as in the Appendix 6A and other ur-

ban areas as in Appendix 7A. It is not strikingly surprising that the behaviour of

the income dynamics among those two areas is very different. On the one hand,

the 14 main cities estimation shows that there is a stable lower dynamic equilibrium

just above 1, a second nonstable equilibrium around 12 and a third dynamic stable

equilibrium around 14. On the other hand, the estimation for the other urban areas

shows consistently 0 or at most 1 statistically significant dynamic equilibrium, im-

plying that the social mobility on this other urban areas in Colombia is almost null.

In other words, statistically the income of the households in those areas remain the

same in both years, as the 45-degree line is contained by the estimated interval in

almost all the range of the function. Therefore, the result in figure 9 is mainly driven

by the income dynamics on the 14 main cities, implying that those two groups of

cities should be analysed separately.

Table 3 repeats the set of estimations of table 2: the two-step approach using

the 2010 and 2013 data for all urban areas. In this case the Colombian Longitudinal

Survey by Universidad de los Andes do not ask for labour variables to all household

members on both years, which in turn implies that different ways to aggregate the

exogenous variables are not possible. Instead, the survey only asks for such variables

for the head of the household and its partner making only possible to compare among

the results when using only head of the household variables as controls, or head of

the household and partner variables as controls.

Columns 1,2,5, 7 and 8 show the results when controlling only for head of the

household variables, while the remainder columns show the results when controlling

for head of the household and partner variables. As in table 2, IV models were

estimated for acknowledging the endogeneity of education with respect to income.

In this case education of the head of the household is instrumented with education

of the father of the head of the household, education of the mother of the head of

the household, working status of the father of the head of the household and working

status of the mother of the head of the household. When controlling also for partner

variables, the corresponding instruments were used.

The results are similar to those of table 2. Education of the head of the household
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and its partner is always significant and positive on the adult equivalent per capita

income for all specifications except FE, where it is reasonable to assume that the

education effect is being primarily captured by the household fixed effect. A consis-

tently negative effect of the proportion of members between 0 and 12 years old on

the adult equivalent per capita income was also found.

Figure 10 shows the results after applying the two step procedure, adjusting the

kernel-weighted local polynomial smoothing regression with a rectangle kernel and a

4th degree smoothing polynomial on the predictions of the adult equivalent income

in both years. For the models where the first step was estimated using OLS or IV

the results show a non-stable equilibrium above one implying that either the income

tends to zero or it just grow indefinitely. In the case of the FE models, one or three

equilibria are found in an S-shaped way. In any case, none of the equilibria are below

1 ruling out the possibility of a poverty trap.

Appendixes 6B and 7B show the results of the estimation of those two step mod-

els for the 14 main cities and other urban areas respectively. The results remain

unchanged: education of both partners is the most important variable when explain-

ing the adult equivalent adjusted per capita income, followed by the proportion of

household members between 0 and 12 years old.

Appendixes 6C and 7C show the graphical result of the second step in the two

step procedure. In this case, the results are quite mixed for the 14 main cities as some

models show one stable equilibrium, some others one unstable equilibrium and some

others zero equilibrium. The results for the other urban areas are equally mixed:

some of them have an S-shape with multiple equilibria while some others show one

stable equilibria and in other cases the interval of the estimated function covers the

45-degree line over all the range.
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Figure 11 shows the result of the semi-parametric model for all the urban areas.

In this case the adult equivalent income presents multiple equilibria and an S-shape.

As usual, none of the equilibria are below one ruling out the existence of a poverty

trap. Appendix 6D and 7D repeat the estimations separately for 14 main cities and

other urban areas. While the result seems to be consistent with those in figure 11

for the 14 main cities, there seems to be not enough statistical power to identify any

effect in the case of the other urban areas.
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Figure 11

Predicted adult equivalent per capita income divided by the poverty line in 2013
Colombian Longitudinal Survey by Universidad los Andes: Semi-parametric results. 2010-2013.
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Source: Author’s estimations using Colombian Longitudinal Survey by Universidad los Andes. Note: 1/ Result using
the Robinson’s semiparametric estimator. 2/ Variable in the vertical axis is the predicted adult equivalent per capita
income in 2013, while the controls includes in the parametric part the same controls included in Table 2 and in the
non-parametric part the observed adult equivalent per capita income in 2010. 3/ Top graphs uses all the range in all
variables, bottom graphs limited the range at 15. 4/ All graphs use a rule of thumb for choosing the bandwidth and a
polynomial approximation of the 5th degree. The graphs on the left use a cosine kernel, while the graphs on the right
use a gaussian kernel. 5/ The dashed vertical and horizontal lines represent 1 i.e the point where the adult equivalent
per capita income is equal to the poverty line.
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6.3 Robustness checks

Various robustness checks were conducted on the Fedesarrollo Longitudinal Social

Survey results. First, most of the estimations were redone using adult equivalent

per capita expenditure, instead of income. In all of those cases the results tend to

find only one stable equilibrium above 1 or non-equilibria at all, showing always an

increase in the expenditure in 2010 in respect to 2007. As in previous literature, an

Arellano-Bond and Blundell-Bover panel data model was estimated. In these cases,

the results show the existence of a single stable equilibrium above 1.

For being sure that in the case of finding multiple equilibria the result is not be-

ing driven by outliers, the estimations were repeated dropping out 5% of the outliers

(2.5% on every side of the distribution). In this case the shape of the estimated

income dynamics do not change but its significance does. For the non-parametric

and semiparametric estimates, multiple equilibria are found, but now being not sig-

nificant. The parametric results remain very similar after correcting for outliers.

The models were also re estimated using different kernel functions, different de-

grees of the smoothing function and different bandwidths in the non-parametric and

semiparametric steps. The general shape of the estimated function seems to be robust

to the kernel function (epanechnikov, biweight, cosine, gaussian, parzen, rectangle

and triangle) and the degree of the smoothing function. Nevertheless, the number of

significant equilibria are not robust at the degree of the smoothing functions when

they are greater than 2, neither to the kernel function. A parameter that completely

changes the shape and significance of the estimated equilibria is the bandwidth se-

lected for the estimation of the non-parametric function. I allowed this to be selected

by a rule of thumb in the models shown here, but if a different bandwidth is selected

probably the shape and significance of the estimated function will change completely.

In respect to the income underreport for the self-employed, all the specifications

used in the literature were estimated. In around 40% of the models, it was found

some evidence of self-employed household underreport on the income, while in the

other models the self-employed status was not significant and sometimes had the

opposite sign.
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Originally, the Fedesarrollo Longitudinal Social Survey follows a panel of 685

households through a period of 4 years (2007 to 2010) across 3 cities. In 2008 the

sample was increased to cover 14 cities, so when using such sample, I had data for

2.066 households across 3 years. The reason for not using such sample in the main

estimations is that for being able to capture long run dynamics of income is much

preferred to have observations as far as possible on time. Despite this, some authors

have estimated such poverty trap models over shorter spans of time, ignoring the fact

that it should be procured to capture changes in the structural income on the long

run. Nevertheless, I repeat the estimation of the models for this three-year sample.

In this case the results are better than with the 4-year sample. The non-parametric,

the parametric and the semi-parametric models show an S-shaped dynamic of the

income, in most of the cases with three significant equilibria.

7. Conclusions

This paper has tested the existence of poverty traps in Colombian urban areas using

the only two household data panels existing for the country, covering the years 2007-

2010 and 2010-2013. The main result is that for the 14 main cities no poverty trap

of the type hypothesized by Carter and Barrett (2006) exists. For the other urban

areas in Colombia the evidence is mixed.

This is the first paper, to the best of my knowledge, to test the existence of

poverty traps in urban areas using a reliable measure of the total income of the

household. This implied that several practical issues should be addressed. First, the

poverty asset based approach works well in rural contexts where most of the income

is derived from rural assets and there exist detailed information on such assets. As

a consequence the variation of the income explained by the productive assets tends

to be high, typically between 20% and 55%. In this paper, I found that the part

of income that can be explained by assets varies between 14% and 37% for the

urban areas. Second, there is an aggregation problem. Different from rural areas,

in urban areas, members of the household typically work on different sectors of the

economy, therefore, it is not reliable to assume that all the members of the household

have the same income generating function as farmer workers. In this case, different

aggregations for the exogenous variables were controlled for: head of the household
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variables, average variables for the workers and total variables for the workers. Those

different aggregations do not change the substance of the results.

Another problem related with the origin of the household income was first pointed

out by Pissarides and Weber (1998). They noted that self-employed households

tend to underreport their income, which is something that may affect the poverty

trap results. I found that even if I correct for such self-employed household income

underreport, the main results do not change. There is no evidence of a poverty trap.

Something that affects the shape of the estimated income dynamics is the econo-

metric method. The main hypothesis of Carter and Barrett (2006) is that if there

exist a poverty trap, the long run income dynamics should behave in an S-shaped way,

and have multiple equilibria: two of them stable and one non-stable. In the poverty

trap case the lowest stable equilibrium is supposed to be below the monetary poverty

line and the highest stable equilibrium above the monetary poverty line. When using

more flexible estimation methods, like non-parametric or semi-parametric it is typical

to find two or more significant equilibria whit an S-shape like the one hypothesised

by Carter and Barrett (2006). When using two step methods, which combines in

a first step a parametric method and in the second step a non-parametric method,

the results consistently show one or at most two-significant equilibria. Under any

estimation method used and independently of the number of equilibria found, always

the lowest stable equilibrium is above 1, ruling out the existence of a poverty trap.

Other robust checks were made. Mainly to different specifications of the non-

parametric and semiparametric parts (kernel function, bandwidth and degree of the

smoothing function). Those changes affect the significance of the equilibria found,

but not the general shape of the estimated function of the income dynamics.

Despite not having found a poverty trap, this paper opens the question under

which conditions the household per capita income would converge to a low or a high

equilibria. In other words, this paper diagnosed that only under certain flexible

estimation methods there exist a multiple equilibrium on the income dynamics of the

household. Nevertheless, the theoretical model resulting in such multiple equilibrium

is yet to be found. A model like that would allow to answer to what extent exogenous

income shocks have the power to determine to which equilibrium the income of a given

household converges. The most interesting case would be if a poverty trap is found

62



and an S-shaped income dynamics function with a multiple equilibrium is estimated.

In such case a fourth-generation model of poverty measurement may be estimated,

allowing to distinguish the structural foundations of poverty and giving a glance at

the long-term persistence of structural poverty.

8.

References

[1] Adato, Michelle, Michael Carter and Julian May. Exploring poverty traps and

social exclusion in South Africa using qualitative and quantitative data. The

Journal of Development Studies. 42(2): 226-247. 2006

[2] Antman, Francisca and David McKenzie. Poverty traps and nonlinear income

dynamics with measurement error and individual heterogeneity. The Journal of

Development Studies. 43(6): 1057-1083. 2007

[3] Arunachalama, Raj and Ajay Shenoyb. Poverty traps, convergence, and the dy-

namics of household income. Journal of Development Economics. Volume 126:

215-230. 2017

[4] Azarides, Costas and John Stachurski. Poverty traps. In Philippe Aghion and

Steven Durlauf (Eds.), Handbook of Economic Growth, Volume 1A. 2005

[5] Barrett, Christopher, Paswel Marenya, John Mcpeak , Bart Minten ,Festus Mu-

rithi , Willis Oluoch-Kosura, Frank Place , Jean Claude Randrianarisoa , Jhon

Rasambainarivo and Justine Wangila. Welfare dynamics in rural Kenya and

Madagascar. The Journal of Development Studies. 42(2): 248-277. 2006

[6] Barrett, Christopher and Michael Carter. The Economics of Poverty Traps and

Persistent Poverty: Empirical and Policy Implications. The Journal of Develop-

ment Studies. 49(7): 976-990. 2013

[7] Banerjee, Abhijit and Andrew Newman. Occupational Choice and the Process of

Development. Journal of Political Economy, 101(2): 274–298. 1993

[8] Bourguignon, Francois and Satya R. Chakravarty. The Measurement of Multidi-

mensional Poverty. Journal of Economic Inequality. 1(1): 25-49. 2003

63



[9] Bourguignon, Francois and Christian Morrison. Inequality among World Citizens:

1820-1992. American Economic Review. 92(4):727–744. 2002

[10] Calvo, Cesar and Stefan Dercon. Chronic Poverty and All That: The Mea-

surement of Poverty over Time. CSAE Working Paper Series, Oxford University.

2007(4), 2007

[11] Carter, Michael and Christopher Barrett. The economics of poverty traps and

persistent poverty: An asset-based approach. The Journal of Development Stud-

ies. 42(2): 178-199. 2006

[12] Carter, Michael and Travis Lybbert. Consumption versus asset smoothing: test-

ing the implications of poverty trap theory in Burkina Faso. Journal of Develop-

ment Economics. 99(2012): 255–264. 2012

[13] Dasgupta, Partha and Debraj Ray. Inequality as a Determinant of Malnutrition

and Unemployment: Theory. The Economic Journal. 96(384): 1011–1034. 1986

[14] Dutta, Swati. Identifying Single or Multiple Poverty Trap: An Application to

Indian Household Panel Data. Social Indicators Research. 120(1): 157–179. 2015

[15] Engstrom, Per and Johannes Hagen. Income underreporting among the self-

employed: A permanent income approach. European Economic Review. 92(2017):

92-109. 2017
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Figure 17: Appendix 6A

Non parametric regression of the Household per Capita Income Divided by the
Poverty Line

2010 (Horizontal axis) vs. 2013 (Vertical axis)
CLSA: Colombian Longitudinal Survey by Universidad los Andes. 14 main cities.
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Source: Author’s estimations using Colombian Longitudinal Survey by Universidad los Andes
(CLSA). Note: 1/ Kernel-weighted local polynomial smoothing regression of the adult equivalent
per capita income per household divided by the poverty line in 2013, on the same variable for the
year 2010. 2/ In both graphs a rule of thumb were used to select the bandwidth and a second-
degree polynomial was used in the smoothing process. 3/ The left graph was estimated using an
Epanechnikov kernel while the graph on the right use a Gaussian kernel. 4/ The dashed vertical
and horizontal lines represent 1 i.e the point where the adult equivalent per capita income is equal
to the poverty line.
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Figure 20: Appendix 7A: CLSA

Non parametric regression of the Household per Capita Income Divided by the
Poverty Line

2010 (Horizontal axis) vs. 2013 (Vertical axis)
CLSA: Colombian Longitudinal Survey by Universidad los Andes. Other urban areas.
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Source: Author’s estimations using Colombian Longitudinal Survey by Universidad los Andes
(CLSA). Note: 1/ Kernel-weighted local polynomial smoothing regression of the adult equivalent
per capita income per household divided by the poverty line in 2013, on the same variable for the
year 2010. 2/ In both graphs a rule of thumb were used to select the bandwidth and a second-
degree polynomial was used in the smoothing process. 3/ The left graph was estimated using an
Epanechnikov kernel while the graph on the right use a Gaussian kernel. 4/ The dashed vertical
and horizontal lines represent 1 i.e the point where the adult equivalent per capita income is equal
to the poverty line.
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Chapter 3. Household income dynamics and

income convergence: a new way to measure

poverty

Abstract

This paper proposes a new methodology for measuring poverty. The methodology

is based on the theoretical framework of asset dynamic poverty traps. The estima-

tion approach follows a two-step methodology. In the first step an asset index -or

structural income- is found regressing the household per capita income on the as-

sets that it possesses using a Generalized Linear Model (GLM). In the second step

I estimate the dynamics of the structural income. This paper suggests estimating

that dynamics using a methodology which classifies the households according to a

common growth component of the asset index -or structural income-, along the lines

of the literature of “growth convergence clubs” from global economic theory. Such

analysis of the structural income is complemented with the analysis of the transitory

income -or income shocks- using a panel quantile autoregression method allowing

to measure the income shocks persistence. The method is applied to a panel data

survey for three main urban areas in Colombia for the years 2007-2010. The results

show that 5.8% of the households in these three urban areas are trapped in dynamic

structural poverty (i.e, their structural income converges dynamically to an equilib-

rium below the monetary poverty line) and also that for those households trapped

in dynamic structural poverty the transitory income tends to be less persistent com-

pared with the households not trapped in dynamic structural poverty. This implies

that households trapped in structural poverty facing a positive transitory income, are

temporary lifted out of monetary poverty, but the dynamics of the structural income

push them below the monetary poverty line again.

Keywords: Poverty trap, income dynamics, growth convergence, quantile autore-

gression

JEL classification: I32, O12, O47, B41, C10, C14, C22, C23, C38
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1. Introduction

The literature on poverty measurement is rich and has a long tradition. In its cur-

rent state, it is based on the idea that any poverty measurement should be able to

distinguish the structural roots of poverty and investigate the long-term persistence

of structural poverty as theorized by Carter and Barrett (2006). This conception

of poverty is based on the idea that the more relevant variable when dealing with

poverty is not only the level of the current income of households, but also possession

of the assets necessary to produce such income. From an applied perspective this im-

plies that the variable to analyse is either an index of productive assets on possession

of the household, or the part of the household income that is explained by the asset

possession. Carter and Barrett (2006) and Adato, Carter and May (2006) propose

to estimate an index of productive assets in possession of the households and analyse

the dynamics of said asset index.

Various papers have estimated the existence of poverty traps following the the-

oretical framework of Carter and Barrett (2006). Their theory helps to determine

not only the existence of poverty traps, but also helps identifying the households

caught in such a poverty trap, creating in the process a poverty measurement. If a

poverty trap exists in the Carter and Barrett (2006) fashion, S-shaped income dy-

namics with multiple equilibria should be found. Not only that, but the lowest stable

equilibrium would be below the monetary poverty line. On the empirical side, the

estimation of this kind of poverty traps has been made, mainly, through two-step

methods. The first step consists of estimating the structural income -or asset index-.

The second step estimates the dynamic relationship between the structural income

-or asset index- at two points in time (Carter and Barrett, 2006; Naschold, 2012;

Giesbert and Schindler, 2012 and Sandoval, 2019). The most common economet-

ric methods to estimate these poverty traps are non-parametric methods (Lybbert

et. al , 2004; Barrett et. al, 2006; Quisumbing and Baulch, 2013; Sandoval, 2019)

and semiparametric methods (Kwak and Smith, 2013; Gomez and Lopez, 2013; You,

2014; Sandoval, 2019).

This literature does a remarkable effort on including economic modelling, dy-

namics and the fundamental causes of poverty in a poverty measure, despite being

limited by the econometric methods. Nevertheless, looking for S-shaped dynamics of
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the structural income (or asset dynamics) has some pitfalls. First, even if a poverty

trap exists, an S-shaped curve is only one of the many possible dynamic shapes of the

income dynamics. Second, this method assumes that there is only one dynamic path

for the average household in the sample, ignoring the distribution of income across

households. Third, such models do not take into account the possibility of discrete

jumps in the dynamics of the structural income, which may lead to households’

structural incomes converging to different dynamic equilibria. Fourth, most of this

literature uses only two points on time (two cohorts) for estimating the structural

income dynamics, assuming that all households follow the same average dynamic

path through time.

Some of the most recent literature has dealt with the first two points exposed here,

through the use of some form of conditional or unconditional quantile regression

(see Hien, 2011; Kwak and Smith, 2013; Zhou and Turvey, 2015). Indeed, using

quantile regression for estimating the dynamics of the structural income improves on

previous literature, as it allows for a shape of the dynamics different than an S and

models the possibility of multiple dynamic paths for structural income according to

the distribution of structural income. Despite such effort, these methodologies have

some shortcomings derived from the econometric methodology. First, the quantile

regression methods do not allow to interpret the fitted functions for each quantile

as the dynamic convergence path for the households belonging to such a quantile.

Second, if the quantile to be estimated is chosen low enough, the method will always

find a certain proportion of the households trapped in structural poverty. Third, as

a consequence of the first two points, these models do not allow to classify which

households are indeed trapped in structural poverty.

This paper adds to the current literature on structural poverty traps and poverty

measurement in several fronts. First, for estimating the dynamics of structural in-

come, I suggest to follow the method proposed by Phillips and Sul (2007, 2009).

This method is based on a neoclassical growth model that allows for heterogeneous

technological progress on the income generating process. From here, the authors

show that countries (in our case households) can be classified in convergence clubs

according to a common growth component of income, using a statistical test devel-

oped by them. If the structural income dynamics of some of the growth convergence

clubs cross the 45 degree line below the monetary poverty line, those households are
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indeed trapped in structural dynamic poverty. Second, the method proposed here

self-selects the households belonging to each convergence club, instead of classifying

them into a certain percentile of the structural income distribution, as the quantile

regression methods do. Third, the method itself allows to conclude that the struc-

tural incomes of the households belonging to a given club indeed converge to a certain

dynamic equilibrium, i.e, the interpretation of the growth convergence clubs is unam-

biguous. Fourth, this method uses as many observations trough the time dimension

as possible, to have a better estimation of the dynamic convergence of the structural

income. This contrasts with the methods used in previous literature which in general

use only two observations over the time dimension -two survey cohorts-. Fifth, this

paper recognizes the possibility of the existence of discrete jumps in the dynamics

of structural income and allows the estimation method to capture them accordingly.

Sixth, the analysis of structural, income is complemented by the analysis of persis-

tence of the income shocks developed by Arellano, Blundell and Bonhomme (2017).

This method uses a panel quantile autoregression to measure the persistence of the

income shocks -or transitory income- according to the quantiles of previous income

shocks and according to the percentiles of the shocks of the quantile autoregressive

process.

The poverty measure proposed here intends to be a complement to the variety

of poverty measurements already in existence. As argued by Carter and Barrett

(2006) a poverty measurement like the one in this paper, belonging to the fourth

generation of poverty measures, distinguishes the structural roots of poverty and in-

vestigates the long-term persistence of structural poverty. This characteristic adds

to the traditional poverty headcount proposed by Foster, Greer, Thorbecke (1984),

to the chronic poverty measurement formalized by Foster (2009) and to the multidi-

mensional poverty index by Alkire and Foster (2011). Indeed, the measure proposed

here is a headcount, as it allows to know which households are trapped in structural

poverty; it is dynamic, in the same way as the chronic poverty measure, as it takes

into account the poverty status in various periods of time; and it is multidimensional,

as it is based on the structural income or an asset index. Nevertheless, this work goes

beyond these characteristics as it takes into account also the dynamic evolution of

the structural income through its growth and the persistence of the structural income

across different periods of time.
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From a public policy perspective, this measure brings additional information when

compared to the traditional poverty headcount (FGT(0)) and the multidimensional

poverty measurements which are two of the most popular measurements implemented

for evaluating anti poor programs. Mainly, because using the FGT(0) only takes into

consideration the poverty status in one period without studying the dynamic evolu-

tion of the income. In this respect, households that are never trapped in monetary

poverty according to the FGT(0), may have a permanently decreasing structural

income, dragging them into monetary poverty in the long run. A similar analysis

applies to the multidimensional poverty index. From a theoretical perspective the

decomposition of income proposed by Carter and Barrett (2006) into structural in-

come -or asset index- and transitory income -or income shocks- follows the ideas of

Friedman’s permanent income hypothesis, who recognises that the most important

determinant of an individual’s consumption is permanent income, (instead of current

income) which is in turn a function of the assets possessed by the individual. From

an applied perspective the current study uses ground breaking econometric methods

which can be applied to a wide variety of econometric problems. Finally, as all the

fourth generation of poverty measures, the one in this work is based on economic

modelling.

The method proposed here is applied to a panel data survey for three main urban

areas in Colombia (the cities of Bogotá, Cali and Bucaramanga) for the years 2007-

2010. The growth convergence club method finds the existence of four convergence

clubs. These four clubs may be interpreted as a growth convergence club for the

households with high structural income, a second and third growth convergence club

for the households with middle-high and middle-low structural income and a fourth

growth convergence club for the households with low structural income. Further-

more, the dynamics of structural income of the last club converge to a value below

the monetary poverty line. I find that 5.8% of the households belong to the low-

est convergence club and therefore are trapped in dynamic structural poverty. The

analysis of the transitory income for these households trapped in dynamic structural

poverty shows that their transitory income tend to be less persistent compared with

the transitory income of the households not trapped in dynamic structural poverty.

This has some negative and some positive consequences for the households trapped in

structural dynamic poverty: on the one hand, for households with positive transitory

income this may lift them out of poverty transiently, but the dynamics of the struc-
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tural income will push them back, below the monetary poverty line in the long run,

even if that process takes a long time. On the other hand, for the households with

negative transitory income, these negative income shocks tend to disappear quickly

and sometimes even reverse through time.

The remainder of this paper is organized as follows: section 2 presents the the-

oretical framework, section 3 briefly summarizes the literature on poverty trap esti-

mations using household data, section 4 describes the urban Colombian survey used

to estimate the method proposed here; section 5 explains in detail the methods used

in the paper. Section 6 shows the results of estimating the structural poverty trap

presented in section 5 with the data described in section 4. Finally, section 7 briefly

presents the conclusions.

2. Theoretical Framework

As Sandoval (2019) points out, the general notion of poverty trap is based on macroe-

conomics’ growth theory, and in particular on the idea of clubs of countries by eco-

nomic growth. A poverty trap operates as an attractor that does not allow countries

to escape from poverty due to its vicious cycle nature (Azariadis and Stachurski,

2005). Arunachalam and Shenoy (2016) classifies macroeconomic poverty traps ac-

cording to its causes in geographical (Krugman, 1991), imperfect credit (Matsuyama,

2004; Quah, 1996), and coordination failure (Murphy et al., 1989) causes. From a

microeconomic perspective the poverty trap theory focuses on households. The more

popular approaches include (Sandoval, 2019) models of occupational choice and lack

of physical capital (Banerjee and Newman, 1993), lack and quality of human capital

accumulation (Galor and Zeira, 1993), malnutrition impeding human capital forma-

tion and access to high return activities (Dasgupta and Ray, 1986), and contractual

distortions resulting from moral hazard (Mookherjee and Ray, 2002).

The current trend in poverty and inequality measurement recognizes that a good

poverty measurement should allow to distinguish the structural roots of poverty1

1Sandoval (2019) summarizes the Carter and Barrett (2006) idea of an asset based poverty line as
a “poverty line that is able to distinguish whether a household is poor due to structural conditions
or stochastic shocks. The idea behind this approach is that the productive assets that a household
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and investigate the long-term persistence of structural poverty (Carter and Barrett,

2006). A dynamic asset poverty line separates those households “caught in a long-

term structural poverty trap” from those expected to have a sustained improvement

on their structural economic conditions. This section explains the theoretical founda-

tions for the dynamic asset poverty line as developed by Carter and Barrett (2006).

Such an asset poverty line is in simple words the “threshold at which accumulation

dynamics bifurcate, leading to multiple dynamic welfare equilibria, including the

possibility of a poverty trap” (Carter and Barrett, 2006).

Figure 1 shows this situation and the corresponding asset dynamics. It shows

clearly how the critical threshold for structural poverty dynamics is not related in

any way to the monetary poverty line, which is the most used poverty line. Figure 1

shows on the horizontal axis the household assets in a given initial period t, while the

vertical axe shows the household assets in a final period, t+k (Sandoval, 2019). The

model proposed by Carter and Barrett (2006) is illustrated in the asset dynamics aa’.

Here it can be seen that the dynamic asset poverty line corresponds to the critical

threshold Am, which is the unstable dynamic asset equilibrium and the threshold

where the asset accumulation dynamics diverges. A household with wealth above

Am in t would accumulate assets, and ultimately reach a long-term equilibrium asset

stock of AH , generating a steady-state income above the monetary poverty line. In

contrast, a household with initial wealth below Am would give up assets to AL, and

settle at an equilibrium income below the monetary poverty line (Carter and Barrett,

2006).

possesses map into the income through certain income generating function, allowing to isolate which
part of the income is due to productive assets -structural income- from the portion of the income
which is only transitory. Those poverty measurements allow to isolate the structural poverty from
the poverty due to stochastic events in a single period”.
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Figure 1: Different patterns of asset dynamics
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Sandoval (2019) argues that the Carter and Barrett (2006) model considers only

the possibility of a poverty trap based on the idea of two stable and one unstable equi-

libria. Nevertheless, this is only one possibility among the infinite possible trajectories

of the asset dynamics. In particular, a poverty trap may exist even in the context of

a single stable dynamic equilibrium as in Figure 1 (Dutta, 2015). For instance, if the

household livelihood function is cc’ there is no poverty trap and households converge

to the equilibrium point A2 which is above the monetary poverty line. In contrast, if

the household livelihood function is like bb’, it would be expected to reach at point

A1, a single steady-state level of equilibrium located below the monetary poverty line

(Dutta, 2015). In general, Kwak and Smith (2013) conclude that irrespectively of

the number of equilibria there is not reason for the lowest equilibrium in Figure 1

(AL) to be below a given monetary poverty line.
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3. Empirical Literature Review

Many attempts have been made to estimate poverty traps using a wide variety of

econometric methods. All the methods described here follow the theoretical perspec-

tive of the asset based trap poverty proposed by Carter and Barrett (2006).

The most common method proposed by Barrett et. al (2006) consists of a two-

step approach. In the first step an estimation of the so-called “structural income”

or “asset based income” is conducted. That is, the part of the income that can be

predicted by the productive assets that the household possesses. Such as prediction

has been made using OLS models of the household per capita income on physical

assets (farm land area, equipment, crops, livestock, inputs for agricultural production,

etc.), non physical assets (education, tenure, composition of the work force, etc.) and

demographic variables (age composition of the household, gender of the head of the

household, etc.) (Barrett et.al, 2006; Adato, Carter and May, 2006; Naschold, 2012;

Giesbert and Schindler, 2012; Gomez and Lopez, 2013; You, 2014; and Sandoval,

2019). In the second step, after obtaining such “structural income”, an estimation of

the dynamics of that variable using a nonparametric method is conducted. Usually

a Locally Weighted Scatterplot Smoothing (LOWESS) regression of the “structural

income” on its own lags is used for allowing a flexible enough functional form of the

estimated dynamics.

In such two-step methods, many other approaches have been used for estimat-

ing the first step. Among others, panel data models with fixed effects (Naschold,

2012; Mukasa, 2015; and Sandoval, 2019), panel data models with random effects

(Quisumbing and Baulch, 2012) and 3SLS for taking into account the endogene-

ity between income and educational status (Zhou and Turvey, 2015; and Sandoval,

2019). Other empirical approaches to the estimation of poverty traps include mod-

els that do not distinguish among structural income and income shocks, but focus

only on estimating the dynamics of the total income using nonparametric methods

(Lybbert et.al, 2004; Kwak and Smith, 2011; Maxwell, 2013), parametric methods

including GMM (Jalan and Ravallion, 2002; Kwak and Smith, 2013; Mukasa, 2015;

Rodriguez and Gonzales, 2004), models considering only labour income using a panel

data method which corrects for measurement error (Antman and Mc-Kenzie, 2007)

and dynamic data panel methods (Zerfu, 2012; Rodriguez and Gonzales, 2004).
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On a different approach Arunachalam and Shenoy (2017) develop their own

method for detecting poverty traps based on the idea that if far from a low attrac-

tor, the probability of a negative income shock should decrease in a two equilibria

environment. Dutta (2015) uses a local polynomial regression for estimating multi-

dimensional poverty traps on the dimensions of illiteracy and undernutrition.

Most of the literature previously mentioned searches for a trap in the way pro-

posed by Carter and Barrett (2006), i.e, those papers look for S-shape dynamics of

the “structural income”. In case of existence of a poverty trap, two stable equilib-

ria should exist: one below the monetary poverty line and one above the monetary

poverty line while there should be an unstable equilibrium between those two. Some

other works look for a single equilibrium, assuming that all the households in the

database converge to the same equilibrium.

Nevertheless, such methods ignore the possibility of discrete jumps in the dy-

namics of the structural income, which would lead to the possibility of household

structural income converging to different dynamic equilibria, in the same way that

was first proposed by the literature on growth convergence clubs in global growth

theory.

Only few papers have acknowledge of the possibility of such discrete jumps in

the convergence of the income dynamics of the households. Usually, these papers

estimate the income dynamics using conditional quantile regression, or some form of

unconditional quantile regression. Hien (2011) uses conditional quantile regression

to estimate five quantiles of the Vietnamese household income for the years 2004,

2006 and 2008, using as control lagged income. The author finds that households

belonging to the lowest income quintile in the last period have a hindered income

growth when compared to other less poor households by initial income level.

Kwak and Smith (2013) examine changes in patterns of equilibria over time and

across regions, applied to Ethiopian rural regions. The authors revisit incidence

of multiple equilibria using nonparametric quantile regression and find that there

is a single equilibrium that remains stagnant below the monetary poverty line for

households in the lowest 25 percentile of the structural income in the final year.

Zhou and Turvey (2015) quantify the link between agricultural income, caloric in-
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take, and asset-based poverty in rural China. The models reveal the role that various

shocks play in determining the asset dynamics between different income groups using

four different asset indexes which cover comprehensive, fixed, productive, and con-

sumable assets through a fourth-degree polynomial function and a three-stage least

squares system to account for endogeneity. The authors include quintile dummies

according the household asset index in different years. In that way, they estimate the

dynamic transition of the households among different asset quintiles. The empirical

results do not show evidence of a poverty trap based on multiple equilibria.

The fact that these papers recognize the possible existence of discrete jumps in the

dynamics of structural income, jointly with modelling not only the persistence of the

poverty status but also the income distribution, force these authors to implement

estimation methods accordingly, and can be considered as an improvement with

respect to previous literature. Nevertheless, most of them use quantile regression

as estimation method which comes with various disadvantages. First, the quantile

regression methods do not allow to interpret the fitted functions for each quantile as

the dynamic convergence path for the households belonging to such quantile.

When the estimation method for finding dynamic structural poverty traps was

first introduced by Adato, Carter and May (2006), they estimated the dynamics of

the structural income using the whole sample, implying that the fitted curve can

be interpreted as the dynamics of the structural income for the average household

in the sample2. Nonetheless, this very same interpretation does not translate when

using the quantile regression approach for estimating the structural income dynamics.

Mainly because for estimating the dynamics of each conditional quantile of interest

the whole sample is used, and the econometric interpretation of the fitted dynamics

(the fitted line for the Qth quantile) is the function that leaves below such line Q%

of the sample conditional on the exogenous variables. In this case that exogenous

variable is the lag of the structural income. In other words, the fitted function for the

Q quantile cannot be interpreted as the convergence trajectory of the Q quantile of

the structural income, but only the fitted line that leaves below Q% of the structural

income conditional on the values of the lagged structural income.

2Estimating the dynamics of the structural income refers to estimating, for instance, the line
aa’ in the figure 1 using as dependent variable the structural income at t + k and as regressor the
structural income at t.
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Second, as the quantile regression method fits a regression of the Q quantile of

the endogenous variable conditional on the exogenous variable, it is always possible

to find and adjust a model for a quantile low enough such that the adjusted function

crosses the 45 degree line below the monetary poverty line. That is to say, if the

quantile is chosen low enough, the method will always find a certain proportion of

the households trapped in dynamic structural poverty.

Third, as a consequence of the first two points, the models that use quantile

regression as estimation method, do not allow to classify which households are really

trapped in structural poverty, which should be the final goal of a poverty measurement

with this feature.

The present work aims at improving the literature previously mentioned in var-

ious aspects. First, the method proposed here allows to clearly identify households

that are trapped in structural dynamic poverty, following the method developed by

Phillips and Sul (2007, 2009). This method finds income growth convergence clubs

among nations -households in this case- and allows the data to self-select the num-

ber of growth convergence clubs and the households belonging to each club. If the

structural income dynamics of some of the clubs cross the 45 degree line below the

monetary poverty line, the households belonging to these clubs are indeed trapped

in structural dynamic poverty. Second, the interpretation of the clubs itself is con-

vergence to certain dynamic equilibria, by construction of the method, instead of the

fuzzy and unclear interpretation of the quantile regression approach. Third, the anal-

ysis of structural income is complemented here by the analysis of the persistence of

transitory income -or income shocks- proposed by Arellano, Blundell and Bonhomme

(2017). Fourth, this paper does not limit the search of a poverty trap to finding an

S shaped structural income dynamics, but recognizes the possibility of the existence

of discrete jumps on the dynamics of the structural income.

4. Data

The method proposed here for estimating poverty traps requires at least 4 observa-

tions through the time dimension to be implemented. Therefore, this paper uses the

panel of the Fedesarrollo Longitudinal Social Survey which follows Colombian urban

12



households. This section discuss the definitions of the variables used in the econo-

metric models, shows descriptive statistics of those variables and discusses technical

aspects of the survey. This paper uses the same data and most of the same vari-

ables as Sandoval (2019), mainly to keep comparability across the methods in both

studies. For this reason, the data section here follows closely the data section in

Sandoval (2019). The variable definitions and descriptive statistics are in most cases

a reproduction of the text in Sandoval (2019).

4.1 Fedesarrollo Longitudinal Social Survey

The Fedesarrollo Longitudinal Social Survey (FLSS) followed a panel of urban house-

holds in Colombia from 2004 to 2010. (Fedesarrollo, 2010). This survey asks yearly

info in aspects as dwelling quality, welfare conditions, demographic conditions, health,

education and labour market. In 2007 the survey sampled the urban population of

Bogotá, Bucaramanga and Cali. Thereafter the universe was expanded to 10 addi-

tional main Colombian cities. In 2010 -the last year when the survey was conducted-

it was representative for the urban population of 13 cities, approximately for 39.2%

of the Colombian population (Sandoval, 2019).

Given the rotating panel design of the FLSS, it is exposed to attrition. According

to the technical documentation (Fedesarrollo, 2010), in 2010 only 43.2% (802 house-

holds) of the original sample in 2007 is observed in 2010 (Sandoval, 2019). These 802

households constitute the balanced sample for the period 2007-2010. Nevertheless,

the effective sample is 684 households as not all the 802 households have information

for all the variables to include in the econometric models (Sandoval, 2019). With

this in mind, the final sample covers the years 2007-2010 and the cities of Bogotá,

Bucaramanga and Cali and it is representative of the population of these three cities

(22.3% of the total population in Colombia)3.

Table 1 shows the basic descriptives of the variables used in the econometric mod-

els for the FLSS. First, it is important to note that I am only considering households

that did not move across cities between any of the four rounds of the survey, so the

3The Phillips and Sul (2007) method requires at least 4 observations across the time dimension
for being implemented. Additionally, there are households that are followed from 2004 to 2010.
Nevertheless using such sample would greatly reduce the cross section dimension to around 200
households.
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distribution of the households in the whole period when the survey was conducted

remains the same. 50.3% is located in Bogotá, 45.3% is located in Cali and the

remaining 4.4% is living in Bucaramanga. The employment rate among household

members4 decreased yearly in a sustained way from 49.8% in 2007 up to reaching

47.9% in 2010. The age of the head of the household increases by approximately 4

years as is expected between 2007 and 2010, while the education of the head of the

household increases only in 0.3 years of education5 during the same period. This

small increment in head of household’s education is due, mainly, to the average age

of the head of the household. The proportion of members between 0 and 12 years

old decreases from 15.8% in 2007 to 13.9% in 2008 up to reaching 11.7% in 2010,

which is an expected characteristic in urban populations with low birth rates. Such a

characteristic is complemented with an increase in the proportion of members of 62+

years old going from 17.5% in 2007 to 21.8% in 2010 with a sustained decrease rate

of one percent point per year. The per capita income adjusted by adult equivalence

and standardized by the monetary poverty line6 increases from 1.9 in 2007 to 2.5 in

4To be precise with the working status variables, various definitions should be considered. First
of all, the total population can be divided in working age population (people between 12 and 65 years
old) and those who do not belong to the working age population (people below 12 years and older
than 65 years). The working age population is divided among the occupied individuals (people who
declare that they spent most part of the last week working, or people who declare that they spent
most of the time during the last week working in his/her own business), the unemployed (people who
claim that was looking for a job during the last four weeks and who was able to accept one in case
of being offered some but didn’t find one) and the inactive (people who declare that is permanent
unable to work due to physical condition, people who declare that do not want to find a job or start
a business, people who spend most of their time studying, people who haven’t tried to find a job
in the last four weeks, and those who are not available to take a job in case of being offered). The
occupied fraction of the population can be divided in employee, sub-employed, independent worker
(including employer) and housekeeping activities. The employment rate is defined as the quotient
between the occupied population and the working age population.

5Years of education was constructed using two questions. The first asks what is the highest
educational attainment of the individual (either complete or incomplete). Those include no edu-
cation, pre-primary school, primary school, lower secondary education, upper secondary education,
technical education, bachelor and graduate school. The second question asks for the highest year
reached in said level of educational attainment. Combining these two questions and knowing the
typical correlative between educational attainment and years needed to complete said attainments
in Colombia, allows to construct the years of education.

6The per capita income adjusted by adult equivalence and standardized by the monetary poverty
line (Yit) is calculated based on the adult equivalence scale estimated by Muñoz (2014) for Colombia:

Yit =
(

Total Household Incomeit
1+0.7089∗(Adultsit−1)+0.6822∗Childrenit+0.6628∗Teenagersit

)(
1

Poverty linet

)
where Total Household Incomeit is the household income from all sources and all members, for

the household i at period t, Adultsit is the number of household members 18+ years old for the
household i at period t, Childrenit is the number of household members between 0 and 7 years old
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2008 and remains around the same value for the years 2009 and 2010. In other words,

the average income of the household changes from 1.9 times the monetary poverty

line to 2.5 times the monetary poverty line between the initial and the final year of

the survey. Finally, the number of self-employed7 household members decreases from

almost 1.1 in 2007 to 0.9 in 2010 showing a decreasing trend during the whole period.

and Teenagersit is the number of household members between 8 and 17 years old. Poverty lineit is
the urban poverty line for the year t.

7A household member is considered self-employed if he declares receiving zero income as wage
for being employed in a third party firm and he/she declares working as pawn, on his own business
or is an employer. A household member is also considered self-employed if he declares receiving
zero income as wage for being employed in a third party firm and he/she declares perceiving income
only from its own business, leasing, pensions, other households, government, interest, profit and
dividends. Including in this definition as self-employed households who perceive income only from
pensions, other households and government is not ideal, but they cannot be separated from the
households with other source of income due to how the questions were asked.
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5. Methodology

This paper follows the two-step approach proposed by Adato, Carter and May (2006)

for measuring poverty traps through asset dynamics. In the first step, an asset index

-or structural income- is estimated for each household, and in the second step the

dynamics of such asset index is estimated.

The observed per capita income of household i in year t, Yit, can be decomposed

into structural income, i.e the portion of the income that depends on productive

assets (Y S
it ), and the portion of the income which is only transitory, i.e income shocks

(Y T
it ):

Yit = Y S
it + Y T

it (Eq.1).

Carter and Barrett (2006) and Adato, Carter and May (2006) propose to construct

the structural part of the income Y S
it , either, as a unidimensional asset index Λ(Ait)

aggregating the productive assets of household i at time t, represented by the vector

Ait, or finding the part of the total income (Yit) that can be explained by such vector

of assets (Ait). In this paper I follow the second approach.

When following this method Adato, Carter and May (2006) argue that the iden-

tification of an asset poverty line can be done through the estimation of a model that

uses as dependent variable some proxy for the livelihood of household i at time t, lit,

and as explanatory variables the set of assets in possession of the household during

the same period of time (Ait)

lit = f
(∑

j

βjAijt

)
+ εit (Eq.2).

I measure household livelihood (lit) or material well-being as the household per

capita income adjusted by adult equivalence and divided by the monetary poverty

line (Yit) of the corresponding year (i.e lit = Yit)
8. Therefore, the dependent variable

is equal to one if the household per capita income equals the monetary poverty line.

Most of the previous literature uses some form of linear regression for estimating

8See the data section for the precise definition.
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the structural part of the income, Y S
it (i.e f

(∑
j βjAijt

)
=
∑

j βjAijt). Nevertheless,

some studies uses some nonlinear approach to the problem, including quadratic and

cubic terms of the j-th asset. If the linear approach is used, the coefficients of

the regression relationship, βj, give the marginal contribution to livelihood of the j

different assets. In general, such marginal contribution for a household with J assets

is given by

δf

(∑J
j=1 βjAijt

)
δAijt

for j = 1, ..., J

Given estimates of the βj, I can then calculate the fitted value of the regression

function, Λit or equivalently Y S
it , defined as:

Y S
it = Λit = E

{
f
(∑

j

β̂jAijt

)}
(Eq.3).

Where E(.) represents the expected value operator.

There are two different interpretations for such estimation. The first interpreta-

tion is that Y S
it can be seen as the part of the observed income that can be predicted

by the productive assets in possession of the household, i.e the structural income.

The second interpretation is that Λit is an asset index, in which the assets are ac-

companied by a weight load representing “its marginal contribution to livelihood as

given by the estimated coefficients, β̂j” (Adato, Carter and May, 2006) and filtered

by the function f(.).

Analogously, the income shocks or transitory income can be seen as the residuals

of the regression previously described:

Y T
it = ε̂it = Yit − E

{
f
(∑

j

β̂jAijt

)}
(Eq.4).

The remainder of this section explains in detail how the structural income, Y S
it ,

and the transitory income, Y T
it , will be analysed, and how this allows to create a

structural dynamic poverty measure based on assets. The structural income, Y S
it will

be studied following the “growth convergence club” classification method proposed

by Phillips and Sul (2007, 2009) while the transitory income, Y T
it will be explored fol-

lowing the non-linear dynamic quantile panel method proposed by Arellano, Blundell

and Bonhomme (2017).
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5.1 Analysis of structural income Y S
it and the existence of

poverty traps through household asset dynamics

This subsection explains in detail the growth convergence classification method by

Phillips and Sul (2007); The general theoretical method is developed in Phillips and

Sul (2007), while its application to growth convergence theory is explained in Phillips

and Sul (2009). This paper borrows most of the notation and equations from the

later work. The application developed for growth convergence clubs among countries

is motivated from a neoclassical growth model with labour augmented technological

progress (see the technical appendix of Phillips and Sul, 2009) and time heterogeneous

technology by allowing technological progress. Nevertheless, the general statistical

method is a classification method for individuals in a panel allowing to categorize

them in groups according to the growth of a given variable across time.

Let Y S
it be the observation for individual, country or household i at time t belong-

ing to a panel data set observed across N individuals and T periods of time. Here

Y S
it represents the household’s structural income. Phillips and Sul (2009) propose

to decompose Y S
it as logY S

it = bit ∗ µt where µt is a common factor of the structural

income among households and bit is an idiosyncratic loading factor that measures the

distance of logY S
it to the common component µt (Panopoulou and Pantelidis, 2009).

Phillips and Sul (2007) and Phillips and Sul (2009) propose to model the idiosyn-

cratic loading factor bit as the following “relative transition coefficient”:

hit =
logY S

it

N−1
∑N

i=1 logY
S
it

=
bit

N−1
∑N

i=1 bit
(Eq.5).

it is straightforward to show that this quotient eliminates the common component

µt resulting in a measure of the idiosyncratic component of the structural income of

household i at time t, bit in respect with the average of the transitory component

across households at time t, N−1
∑N

i=1 bit (Phillips and Sul, 2009). In Phillips and Sul

(2009) words “The variable hit traces out an individual trajectory for each i relative

to the average, so we call hit the ’relative transition path’. At the same time, hit

measures household i′s relative departure from a common steady-state growth path

µt”. As Phillips and Sul (2009) show if the transition behaviour of the structural
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income of all households is similar asymptotically (when t → ∞), hit = ht for all

i. Moreover, if the structural income of all households tends to the same value

when t → ∞, then the numerator and denominator of hit would be the same, and

consequently hit → 1, for all i, as t → ∞. This is what Phillips and Sul (2009) call

“ultimate growth convergence”. Phillips and Sul (2007) show that the conditions

hit → 1 and bit → b imply that under heterogeneity:

limt→∞
logY S

it

logY S
i′t

= 1 for all i and i′ (Eq.6).

5.1.1 The Log t convergence test

Phillips and Sul (2007) show that if the condition bit−bi′t →p 0 holds, a mean square

measure can be developed that eventually may be operationalized as a test. This

measure is given by (Phillips and Sul, 2009):

Ht = N−1

N∑
i=1

(hit − 1)2 (Eq.7).

On the one hand, from equation 7, it is clear that if there is convergence each

hit → 1 for all i, as t → ∞ and therefore Ht → 0 as t → ∞ (Phillips and Sul,

2007). On the other hand, if there is no convergence Phillips and Sul (2009) argue

that there are three possibilities: first, the quantity Ht converges to a constant,

second it is bounded but does not converge and third, it diverges. In the case of club

convergence Phillips and Sul (2007) show that Ht usually converges to a positive

constant.

To formulate a null hypothesis of growth convergence Phillips and Sul (2009) use

a semiparametric model for the transition coefficients that allows for heterogeneity

over time and across individuals, where under the null of convergence:

Ht ∼
C

L(t)2t2α
as t→∞ (Eq.8).

for some constant C > 0. L(t) is a function with the property that L(t) → ∞
as t → ∞ (Phillips and Sul, 2009), α governs the rate at which the cross-section

variation over the transition decays to zero over time (Panopoulou and Pantelidis,

2009). Defining L(t) =log t and creating the log ratio logH1

Ht
the following ’log t’
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regression model can be estimated:

log
H1

Ht

− 2log(logt) = a+ γlog(t) + ut, for t = T0, ..., T (Eq.9).

where Ht follows the definition in 7. Phillips and Sul (2007) show thorough

montecarlo simulations that for small samples (T < 50) the r% initial observations

across the time dimension should be dropped for the estimators to keep desirable

properties in terms of size and power of the test (Panopoulou and Pantelidis, 2009).

For this reason the initial observation in 9 is T0 = [rT ].

According to Phillips and Sul (2007) if the null hypothesis of growth convergence

is true, then γ̂
p→ 2α. The key for identifying convergence, club convergence or

divergence is the behaviour of the corresponding t-statistic for γ̂, which should be

estimated using HAC standard errors. Let {tγ̂} be the t-statistic for γ̂. In the case

of α > 0 then {tγ̂} → +∞ as t→∞. If α = 0, {tγ̂} converges to a standard normal

distribution. With this peculiar characteristic in mind, Phillips and Sul (2009) show

that “the convergence test then proceeds as a one-sided t-test of α ≥ 0. Under

the alternative of growth divergence or club convergence, the point estimate of γ

converges to zero regardless of the true value of α, but its t-statistic diverges to

negative infinity, thereby giving the one-sided t-test discriminatory power against

alternatives”.

Before proceeding with the growth club convergence classification algorithm it is

important to discuss how the theoretical background behind this method applies to

household income generating functions instead of aggregated production functions for

countries. The model developed by Phillips and Sul (2007) is based on the general

idea of separating a panel data on a component common to all individuals from

an idiosyncratic component particular to each individual. The relative transition

concept and its convergence properties as described in equations 5 and 6 are developed

as general concepts that apply to any data panel. Furthermore, Phillips and Sul

(2007) recognize that this concept may be applied to areas such as economic growth,

labour income and stock price factor modelling.

It is important to understand how the neoclassical growth model described in

Phillips and Sul (2007) maps into the income generating process of the household.

As shown in the technical appendix of Phillips and Sul (2009) the growth model

21



starts with a production function with labour augmented technological progress. In

this case such a production function would be the income generating function of the

household as a function of capital stock, labour, human capital and the technology

(A). In the household case it is reasonable to assume that the household income

depends on the corresponding variables at the household level like physical capital

stock, years of education of the household (average, total or head of the household),

labour volume and other variables like the age composition of the household and work

experience. Two variables represent a major concern in respect to the aggregated

growth model: the stock of physical capital and the level of technology.

First, the stock of productive physical capital in possession of the household is

a variable that usually is not asked in typical household surveys, mainly because

most households are presumed to derive their income from being employed in a third

party company -specially in urban areas- instead of having their own business. The

main exception to this rule would be the households that derive their income from

self-employment, which typically would be a low percentage of the urban households.

This implies, that even if a household survey asks for the physical capital stock, most

of the urban households would report a value of zero. This has two consequences,

one practical and one theoretical: first, when estimating the structural income, Y S
it ,

I will not be able to control for the productive physical capital stock Kit. Second,

the speed of convergence parameter of the equation describing the evolution of Y S
it

depends on the differential between the initial capital stock and the steady-state

capital stock of household i. The last point seems to be less important, as the

convergence club classification method is still implementable without estimating this

convergence parameter. Indeed, Phillips and Sul (2009) use this neoclassical growth

model mainly to motivate the use of the econometric technique they propose to

the economic growth problem. In this case it is more concerning not to control for

the stock of physical productive capital as it may lead to omitted variable bias and

inconsistency of β̂j in equation 3.

Second, the level of technology for producing income is assumed to be heteroge-

neous (πit = πi0e
xitt were πit is the level of technology for household i at time t).

This is a fundamental assumption as it allows to represent the structural income as

logY S
it = bit ∗ µt. When talking about countries this is a reasonable assumption as

given different levels of initial technology, slow rates of technological transference and
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different rates of technological progress would lead to different trajectories of techno-

logical progress. Nevertheless, this interpretation does not translate perfectly to the

household level, as it is expected that the technology to produce income of different

households is relatively similar. The most logical way to assume a different technol-

ogy on the household income production would be to recognize that employed and

self-employed households face different technologies and that there is a difference in

technology sophistication according to the particular industry in which the members

of the household are currently engaged. Additionally, this difference in technology

across industries where distinct households are employed translates into a difference

in the technology of the household income generating function.

Finally, as in any neoclassical growth model there is an equation for the evolution

of capital stock which is a function of the saving rate, population growth, and the

depreciation rate. Here, the mapping of the variables is straightforward compared

with the macroeconomic model.

5.1.2 Growth convergence clubs and economic transitions

A detailed analysis of the clustering procedure is given by Phillips and Sul (2007).

The steps for implementing the procedure are briefly summarized by Phillips and Sul

(2009).

The clustering procedure has four steps. First, order the households according to

the amount of final period structural income (Y S
iT ). Second, run the log t regression

adding one observation at a time, in descending order, starting from the household

with the highest income in the final period. Compare all the N−2 t statistics. Among

the t statistics such that {tk} > −1.65 choose the highest one. The corresponding

group forms the core convergence group of size k∗. If {tk} < −1.65 for the two

households with the highest income in the final period, drop the highest one and

restart the procedure starting with the second one. Repeat until finding a pair of

adjacent observations such that {tk} > −1.65. If there is no such pair of observations

in the entire sample, conclude that there is no convergence. Third, sieve the data

for new club members. Include all households in the sample to the core group, but

including one household at a time. Every time a new household is included in the

core group, run the log t-test again. If the estimated t-statistic is greater than a given

23



criterion, let’s say c∗9, include this new household in the core convergence club, which

previous to its inclusion had k∗ members according to step 2. Fourth. After forming

the core convergence club (if it exists) following the steps 1 to 3, there are two groups;

the core convergence club with size k∗∗ (after including new members in step 3) and

a group of households not converging with the core group with N − k∗∗ members for

which convergence was rejected in step 3. For this last group of households run the

log t-test to see if {tγ̂} > −1.65. If the hypothesis of club convergence is not rejected

among this second group, it can be concluded that there are two convergence clubs:

the core convergence group formed in first iteration of steps 1 to 3 and the second

group formed in step 4. If no convergence is found among all N − k∗∗ members

of group 2, repeat steps 1 to 3 to see if the second group can be partitioned into

convergence clubs. If no k is found when applying step 2 for which {tk} > −1.65

among the members of group 2 with size N − k∗∗, then those remaining households

do not contain a subgroup exhibiting growth convergence behaviour and therefore it

can be concluded that they diverge.

After obtaining the convergence clubs, for instance M convergence clubs, Phillips

and Sul (2009) propose to check if some convergence clubs may be merged. With

this in mind they propose running the log t test merging the two highest convergence

clubs, and to keep merging additional clubs (in descending order) as long as the t-

statistics are higher than -1,65. Conclude that these convergence clubs form a new

single convergence club. Finally, repeat the process but this time starting with the

highest club of the remaining convergence clubs, i.e, starting with the club for which

the null hypothesis of convergence was rejected in the previous step. Let M∗ be the

number of final convergence clubs after doing such convergence test among clubs.

9The criterion here was developed assuming t → ∞. Phillips and Sul (2007) show using mon-
tecarlo simulations that the size of the clustering test -measuring the failure rate of including con-
vergence members in the correct subconvergence club- goes to zero under the null of convergence
as t → ∞. On the contrary, in small samples a nominal size of the test of 0.05 usually implies an
actual size of 0.2 when r (i.e the proportion of initial periods discarded data) is 0.3. In the same
way, the power of the clustering test -the success rate in excluding nonconvergence members from
the correct subconvergence club- goes to unity asymptotically regardless of the critical values used.
In finite samples, test power is less than unity and, as larger critical values are employed in the
selection procedure higher power of the test is found. In the third step, the choice of the sieve
criterion c∗ is associated with the degree of conservativeness in the clustering method (Phillips and
Sul, 2009). Higher c∗ implies less risk of including a wrong member of the convergence club. As c∗

approaches zero from below, the sieve condition becomes more conservative. When t is small, the
sieve criterion c∗ can be set to zero to ensure that it is highly conservative. Therefore, in this case
as t=4, I am setting c∗=0.
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5.2 Analysis of the transitory income Y T
it and the persistence

of income shocks

Arellano, Blundell and Bonhomme (2017) propose a method to analyse transitory

income and the persistence of income shocks based on a quantile-based panel data

framework. The first step is to construct Y T
it as the residuals from regressing some

kind of household income on a set of demographics. Such method corresponds to the

definition given in equation 4. The equations and notation in this subsection follow

closely Arellano, Blundell and Bonhomme (2017).

5.2.1 Quantile-based panel data model

Arellano, Blundell and Bonhomme (2017) propose to decompose Y T
it in two additively

separable components. The first one represents the part of the shocks that persist

through time (ηit) and the second one represents a random component (υit) with zero

mean, independent across the time dimension and independent of ηis for all s10:

Y T
it = ηit + υit, i = 1, ..., N, t = 1, ..., T (Eq.10).

Arellano, Blundell and Bonhomme (2017) assume that ηit follows a general first-

order Markov process. The general idea of this method is modelling the persistence

of the quantile of the income shocks (Y T
it ). In other words, find out if there is

a different pattern in the persistence of the income shocks, Y T
it according to the

quantile of the distribution they belong to. This is a relevant question as it would

allow to distinguish, for instance if negative income shocks (income shocks in the

lowest quantiles of the distribution) are more or less persistent in comparison with

positive income shocks (income shocks in the highest quantiles of the distribution).

For this reason, Arellano, Blundell and Bonhomme (2017) proceed defining the τth

conditional quantile of the persistent component in t, ηit given (or conditional on) the

lag of the persistent component ηi,t−1 as Qt(ηi,t−1, τ) which, as any quantile function,

is defined for every τ ∈ (0, 1). Combining these ideas, the conditional quantile

function can be written as an autoregressive process as:

10Arellano, Blundell and Bonhomme (2017) claim that as in any regression model υit represents
a mixture of innovations and measurement error.
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ηit = Qt(ηi,t−1, ωit), (ωit|ηi,t−1, ηi,t−2, ...) ∼ Uniform(0, 1), t = 2, ..., T (Eq.11).

Intuitively this function describes the conditional quantile function (ηit) in t as

a function of the conditional quantile function in t − 1 (ηi,t−1) and a shock ωit to

the quantile autoregressive process. Arellano, Blundell and Bonhomme (2017) show

that for identifying the corresponding parameters to estimate in the process it is only

required that ηit shows some form of dependence over time.

5.2.2 Nonlinear dynamics

The equations 10 and 11 describe the autoregressive process assumed by Arellano,

Blundell and Bonhomme (2017). Furthermore, as the purpose of the exercise is to

determine the persistence of income shocks according top the quantile they belong

to, it is important to allow for a flexible functional form in the persistence of the

autorregresive process. In particular, the model described so far allows for nonlin-

ear dynamics of the transitory income. Arellano, Blundell and Bonhomme (2017)

assert that this model “focuses on the ability of this specification to capture nonlin-

ear persistence, and general forms of conditional heteroscedasticity”. Following this

idea, Arellano, Blundell and Bonhomme (2017) propose to measure the non-linear

autoregressive persistence as:

ρt(ηi,t−1, τ) =
δQt(ηi,t−1, τ)

δηi,t−1

, ρt(τ) = E

[
δQt(ηi,t−1, τ)

δηi,t−1

]
(Eq.12).

where δQt/δηi,t−1 is the derivative of Qt with respect to ηi,t−1 and taking the ex-

pected value with respect to the distribution of ηi,t−1 in the right hand side equation.

Given the definitions in equation 11, ρt(ηi,t−1, τ) may be interpreted as the persis-

tence of ηi,t−1 when it is hit by a shock in period t (ωit), where ωit corresponds to the

τth quantile of the distribution of the shocks to the conditional quantile autoregres-

sive process (Arellano, Blundell and Bonhomme, 2017). The right hand side equation

in 12 (ρt(τ)) can be interpreted as the average persistence across the distribution of
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η. Accordingly, the persistence of the histories of ηi,t−1 depends not only on its own

lags, but also on whether the shock ωit is positive or negative, and on its scale.

So far, Arellano, Blundell and Bonhomme (2017) are still very general about

the form of the model they propose. The next equation proposed by them gives a

particular form for the conditional quantile autoregressive process:

Qt(ηi,t−1, τ) = ψt(τ) + φt(τ)′h(ηi,t−1) (Eq.13).

where h is a polynomial function. Taking the derivatives in equation 13 with

respect to ηi,t−1 and its expected value one can find the persistence and average

persistence associated with this polynomial function:

ρt(ηi,t−1, τ) = φt(τ)′
δh(ηi,t−1)

δηi,t−1

, ρt(τ) = φt(τ)′E

[
δh(ηi,t−1)

δηi,t−1

]

Traditional quantile autoregressive models consider only the case where the au-

toregressive coefficients are independent of the quantiles where they are estimated

(Koenker and Xiao, 2006). In this context, this would imply φt instead of φt(τ).

Koenker and Xiao (2006) develop a modification of this allowing the autoregressive

coefficients to vary with the quantiles (φt(τ) with τ ∈ [0, 1]). Arellano, Blundell and

Bonhomme (2017) argue that this allows “shocks to affect the persistence of ηi,t−1 in

a flexible way”.

6. Results

6.1 Results of the analysis of the structural income Y S
it and

the existence of poverty traps

This section shows the results of the methods for estimating poverty traps and

analysing the household income shocks proposed in section 5. Here, I am using

as lit (the measure of livelihood or material well-being) the household per capita in-

come adjusted by adult equivalence and divided by the monetary poverty line of the

corresponding year.
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Additionally, a Generalized Linear Model (GLM) with a Gamma distribution

function and a logarithmic link function was used for obtaining the structural income

Y S
it . This is due to some useful properties of said model, mainly:

Y S
it = E(Yit) = E(lit) = eβ0+

∑
j βjAijt

Where e represents the exponential function and β0 is the equivalent to the in-

tercept in a linear model.

First, assuming a gamma-distributed dependant variable is the right choice when

the dependant variable is real valued in the range [0,∞), which is the case when

modelling the household per capita income as, by definition, it cannot take negative

values. Second, by the properties of the gamma distribution, the expected value of the

random variable is proportional to its variance. In this case it implies that households

with a low expected household per capita income, should also expect a low variability

in the observed values of the per capita income. Conversely, households with a

large expected value of the per capita income, should also expect a large variability

among the observed values. This is the typical behaviour on the observed distribution

of the household per capita income, where the distribution usually shows positive

skewness with a longer right tail, reflecting higher variability between higher values

of the household per capita income. Third, the application of the club convergence

algorithm by Phillips and Sul (2007) requires positive values of the structural income

Y S
it , which are guaranteed by the gamma model11. Finally, different from its closest

counterpart, the log-linear model, the gamma model allows to recover the level of

the household per capita income directly without intermediate corrections as those

required by the log-linear model.

Table 2 and appendix 1 show the results of the regression proposed in equation

2 using a Generalized Linear Model assuming a Gamma distribution of the house-

11Other model specifications were fitted for estimating the structural income Y Sit . Initially a
linear model was estimated using OLS. Nevertheless, this option was discarded as it produces a
considerable portion of negative values among the structural income (i.e Y Sit < 0). This result not
only hampers the implementation of the Phillips and Sul (2007) method, but it is also counter
intuitive: the structural income is the part of income that depends on structural characteristics of
the household, which, in the worst case scenario may lead to a zero per capita income. A log-linear
model for the household per capita income was also considered. In this case, it was ruled out due
to its difficulty in recovering the levels of the dependant variable, a mandatory requirement when
implementing the Phillips and Sul (2007) methodology.
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hold per capita income adjusted by adult equivalence and divided by the monetary

poverty line with a logarithmic link function. The regressors are a set of demo-

graphic variables of the head of the household, a set of human capital variables like

years of education and age as a proxy for work experience, variables describing the

labour market situation of the household and fixed effects by city. Table 2 shows the

marginal effects of the model (given the non-linearity of its nature) and appendix 1

presents the estimated coefficients. As expected the years of education of the head

of the household and the employment rate among household members have a pos-

itive and significant effect on the expected household per capita income, while the

proportion of household members between 0 and 12 years old has a negative and

significant effect, as such members do not participate in the labour market. These

three variables have a statistically significant and stable effect (in terms of direction)

during all the periods.

Of the remaining variables, households with a male head of the household have

a positive and significant effect in 2007 and 2009 on household income, while on the

other two years seem to have no significant effect, despite of conserving the same

sign of the coefficients. The proportion of members 62+ years old have a negative

and significant effect on the expected household per capita income in 2007 only. On

the other years, it does not have any statistically significant effect on the expected

household per capita income while the sign of the effect becomes positive. Further-

more, the expected sign of the effect of this explanatory variable on the household per

capita income is not clear: if the 62+ years old member is a pensioner with a pension

above the average household income the sign would be positive. On the contrary, if

the old household member did not reach a pension, or, he reached it but is below the

average household income, its effect would be negative. The same analysis applies

for the number of self-employed household members, as their effect on the per capita

household income depends on what is the income of the self-employed in comparison

with the average income of the other members of the household.

The age and age square of the head of the household were included to capture the

positive but decreasing effect of the head of the household tenure on the household

income. In three out of the fours years the effect of the linear term is positive,

while the effect of the squared term is negative as expected. Fixed effects by city

were included to capture regional effects. Nevertheless, none of these variables have
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a statistically significant effect on the expected value of the per capita household

income

Figure 2 shows the kernel density estimates of the structural household income

(Y S
it ), or in other words, the predicted household per capita income adjusted by adult

equivalence an divided by the monetary poverty line. The density shows a little

displacement year by year to the right, indicating that there has been an increase in

the structural income of the households trough time. Figure 3 shows the scatter plot

between the structural income of the year 2007 and 2010 (Y S
i,2007 vs Y S

i,2010). Again,

as expected, there is a positive correlation between the variable in these two years

as this is the portion of the income that depends on structural characteristics of the

household and that are not expected to fluctuate greatly year by year.

30



Table 2: Fedesarrollo Longitudinal Social Survey

Estimation of the Household Per capita Income Adjusted by Adult

Equivalence and Divided by the Monetary Poverty Line (lit)

Marginal Effects of a Generalized Linear Model

Distribution: Gamma. Link Function: Logarithmic. 2007-2010.

Main Urban Areas

(1) (2) (3) (4)

VARIABLES 2007 2008 2009 2010

Male head of the household 0.3661*** 0.0515 0.3000** 0.2094

(0.109) (0.158) (0.144) (0.173)

Years of Education of head of the household 0.1181*** 0.2034*** 0.1652*** 0.1803***

(0.012) (0.017) (0.016) (0.019)

Age of head of the household 0.0262 0.0436 -0.0026 0.0338

(0.026) (0.037) (0.036) (0.042)

Age of head of the household 2 -0.0000 -0.0001 0.0003 -0.0000

(0.000) (0.000) (0.000) (0.000)

Employment rate among household members 3.4503*** 1.9039*** 1.7930*** 1.9719***

(0.281) (0.292) (0.279) (0.326)

Proportion of members between 0 and 12 years old -1.1667*** -1.7227*** -2.7919*** -2.6004***

(0.338) (0.474) (0.461) (0.575)

Proportion of members 62+ years old -1.1433*** 0.1665 0.1027 0.4389

(0.270) (0.359) (0.336) (0.381)

Number of self-employed household members 0.2094*** -0.0157 0.0158 0.1213

(0.064) (0.088) (0.084) (0.097)

Bogota 0.0617 0.2114 0.1828 0.4137

(0.268) (0.367) (0.348) (0.417)

Cali -0.0012 0.4363 0.2601 0.3387

(0.269) (0.380) (0.356) (0.425)

Observations 684 684 684 684

F . . . .

Standard errors in parentheses

*** p<0.01, ** p<0.05, * p<0.1

Source: Author’s estimations using Fedesarrollo Longitudinal Social Survey. Note: 1/ The table presents

the first step in the two-step approach proposed by Adato, Carter and May (2006). 2/ Columns 1-4 present

the marginal effects of the control variables using a Generalized Linear Model with a Gamma distribution and

a Logarithmic link function. 3/ Estimations for all the years available (2007, 2008, 2009, 2010). 4/ For the

precise definition of the variables used here see section 4 (data section). 5/ A dummy variable for the city of

Bucaramanga is left out
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Figure 2: Kernel density estimates of the Structural (or predicted) household income (Y S
it )

2007-2010
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Source: Author’s estimations using Fedesarrollo Longitudinal Social Survey (FLSS) for the years 2007-2010.
Note: 1./ Kernel density estimates of the structural household income (Y Sit ) using epanechnikov kernel and
data driven bandwidth selection method. 2/ The structural household income (Y Sit ) was estimated using the
coefficients of the Generalized Linear Model in Table 2.

Figure 3: Scatter plot of the Structural (or predicted) household income (Y S
it )

2007 vs 2010
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structural household income (Y Sit ) was estimated using the coefficients of the Generalized Linear Model in Table
2.
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Figure 4 and appendix 2 show the results of applying the four-step algorithm detailed

in section 5.1.2 to the structural (or predicted) household income (Y S
it ). Various

details of such outcome deserve further comment.

First, the result of applying the Phillips and Sul (2007) algorithm is a classifica-

tion of all the households in the database on different groups or convergence clubs.

Therefore, each household belongs to only one growth convergence club across the

time dimension. Second, in this particular case the algorithm found six growth con-

vergence clubs for the household structural income in the database. Third, appendix

2 shows the scatter plot between the structural (or predicted) income (Y S
it ) on the

last year I have data for (Y S
i,2010) on the vertical axis, versus the same variable on the

first year for which I have data (Y S
i,2007) but in this case distinguishing to what growth

convergence club each household belongs to. A non-parametric regression was run in

the way proposed by Adato, Carter and May (2006) between the variables on the two

axes for every club separately. From here, I can conclude that households classified on

the convergence club six are trapped in dynamic structural poverty, as the estimated

dynamics of the structural income crosses the 45 degrees line below the poverty line

(the dotted line, which represents one). Fourth, after applying the log t test among

convergence clubs as suggested by Phillips and Sul (2009), the algorithm find a fi-

nal number of four convergence clubs: club one∗, including households converging

to a high structural income, club two∗, composed by households converging to a

medium-high structural income, club three∗, comprised by households converging to

a medium-low structural income and club four∗ including the households belonging

to the club six of the original algorithm and being trapped in structural poverty.

Figure 4 shows the estimated dynamics of the structural income for these four

merged clubs. Club one∗ seems to have a dynamic convergence to a structural per

capita household income around 4.5 times the monetary poverty line; club two∗ con-

verges dynamically to a structural per capita household income of around 3.5 times

the monetary poverty line; club three∗ converges dynamically to a structural per

capita income of around 2.2 times the monetary poverty line and club four∗ con-

verges to a structural income of around 0.8 times the poverty line. These conclusions

can be drawn observing where the adjusted non-parametric line on the scatter plot

of each club crosses the 45 degree line. In conclusion, all the households belonging

to club four∗ are trapped in dynamic structural poverty.
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Furthermore, the outcome presented here is in principle more robust than any

of the results in previous papers using only the method proposed by Adato, Carter

and May (2006). This is due to the fact that the method proposed here uses all the

data available when finding the convergence clubs. In contrast, the nonparametric

regression proposed by Adato, Carter and May (2006) only uses the first and last

observations of the data, even when they have more than two observations, as its

ultimate porpouse is only to estimate the point where the income dynamics function

of the average household crosses the 45 degrees line.
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Figure 4: Club convergence result on the Structural (or predicted) income (Y S
it )

2007 vs 2010

0
1

2
3

4
5

6

S
tr

uc
tu

ra
l a

du
lt 

eq
ui

va
le

nt
 p

er
 c

ap
ita

 in
co

m
e 

as
 p

ro
po

rt
io

n 
of

 th
e 

po
ve

rt
y 

lin
e

20
10

0 1 2 3 4 5 6
Structural adult equivalent per capita income as proportion of the poverty line

2007

Estimated dynamic − Club 1* Estimated dynamic − Club 2*

Estimated dynamic − Club 3* Estimated dynamic − Club 4*

Club 1 Club 2

Club 3 Club 4

45 degree line

Source: Author’s estimations using Fedesarrollo Longitudinal Social Survey (FLSS) for the years 2007 (horizontal axe) and
2010 (vertical axe). Note: 1/ The graph presents the second step in the multi-step approach proposed by Adato, Carter
and May (2006) using the convergence club classification method by Phillips and Sul (2007). The vertical axis variable is
the structural income (Y Sit ) in 2010 and the horizontal axis variable is the structural income (Y Sit ) in 2007. 2/ The adjusted
model is a nonparametric model estimated using a kernel-weighted local polynomial smoothing regression with a rectangle
kernel, a 4th degree approach polynomial and the bandwidth selected by a rule of thumb for each club separately. 3/ The
dashed vertical and horizontal line represent 1, i.e, the point where the structural income (Y Sit ) is equal to the monetary
poverty line. 4/ The Phillips and Sul (2007) algorithm found 6 convergence clubs. Those clubs were merged into for clubs
following the results of the log t test. Club one∗ has a dynamic convergence to a structural per capita household income
around 4.5 times the monetary poverty line; club two∗ converges dynamically to a structural per capita household income of
around 3.5 times the monetary poverty line; club three∗ converges dynamically to a structural per capita income of around
2.2 times the monetary poverty line and club four∗ converges to a structural income of around 0.8 times the poverty line.
5/ The households belonging to club four∗ are trapped in dynamic structural poverty.
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Figure 4 also elucidates how the club convergence algorithm by Phillips and

Sul (2007) operates. For instance, households belonging to the growth convergence

club four∗ are households that have a very low structural income (Y S
it ) in the fi-

nal year (2010), typically below 1.2 times the monetary poverty line. Nevertheless

these households come from a variety of income backgrounds in the initial year (2007).

Some of them had a relatively high income in 2007 (between 2 and 5 times the poverty

line), but suffered from negative growth rates of structural income, and therefore end

up in structural poverty in the final year (2010) and classified as dynamic structurally

poor along the whole period. Some other households are in structural poverty in both

years, had a very low or null growth of the structural income and as a consequence are

also trapped in dynamic structural poverty. It is remarkable that most of the house-

holds in structural poverty in both years are classified as dynamically structurally

poor. Nevertheless, there is also a portion of the households that are in structural

poverty in both years but are not classified as structurally poor. There is a final set

of households that are out of structural poverty in both years but are classified as

being trapped in dynamic structural poverty. This result is probably a consequence

of a very negative growth rate of the structural income on the years not shown in

the graph (2008 and 2009).

The convergence clubs one∗, two∗ and three∗ have two important characteristics:

First, most of the households classified on these convergence clubs are not in struc-

tural poverty in both years shown here (2007 and 2010), with some exceptions on

households classified among club three∗. Second, the majority of the households be-

longing to these clubs which are in structural poverty in 2007 increased their struc-

tural income and leave structural poverty in 2010, implying that they have faced

positive growth of the structural income between these two periods and showing that

the algorithm is doing properly the work it was intended for.

Table 3 shows the evolution of different poverty rates through time for the bal-

anced sample used in the econometric models. Row 1 shows the poverty headcount

(FGT(0) by Foster, Greer, Thorbecke, 1984) which estimates the percentage of house-

holds with a per capita income adjusted by adult equivalence below the monetary

poverty line. Rows 2-4 estimate the number of households who are chronically poor.

This method counts the number of periods that a household is poor and then accord-

ing to a predetermined threshold, a household is classified as chronically poor or not.
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The results are presented for the cases when a household is considered chronically

poor if it is in monetary poverty in two periods or more, three periods or more or four

periods out of four. This kind of measure was proposed and used by Foster (2009),

Levy (1977) and Duncan and Rodgers (1991).

Row one of table 3 shows the poverty headcount (FGT(0)) for the observed income

(Yit). The proportion of households in monetary poverty plummeted from 2007 to

2008 from 35% to 25%, falling another percentage point the next year up to around

24% where it stagnated around the same value in 2010. Rows two to four show the

result of estimating the chronic poverty measurement explained previously using the

structural income. Row two estimates the number of households considered to be

chronically poor, if they are classified as chronically poor when have been in poverty

at least two periods (out of four). In this case 9% of households have been in such

situation. When the criteria is strengthened to consider a household chronically poor

if it has been in poverty for at least three periods, the chronic poverty rate decreases

to 4.5% (Row three). If considering chronically poor the households who have been

in poverty four periods the chronic poverty rate is reduced to 3% (Row four).

Finally, and most importantly, the row five shows the poverty rate estimated using

the method proposed here. From a theoretical perspective, those are the households

trapped in dynamic structural poverty, while, from an econometric perspective, those

are the households belonging to the merged convergence club four∗ according to the

method proposed by Phillips and Sul (2007). In this case, 5.8% of the households

(out of 684) are trapped in dynamic structural poverty.

Besides the poverty rate trends estimated in table 3, it is important to compare

how these poverty indices relate to each other. In particular, it is important to

understand how the poverty measurement proposed here contrasts with traditional

poverty rates.
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Table 3: Poverty rate estimates

Poverty Rate 2007 2008 2009 2010 Obs.

1. Poverty rate for the observed income (FGT(0)) 35.67 25.58 23.83 24.42 684

2. Chronically poor if poor for two or more periods (Structural income) 8.918 8.918 8.918 8.918 684

3. Chronically poor if poor for three or more periods (Structural income) 4.532 4.532 4.532 4.532 684

4. Chronically poor if poor for four periods (Structural income) 2.924 2.924 2.924 2.924 684

5. Dynamic structurally poor (trapped in structural poverty) 5.848 5.848 5.848 5.848 684

Source: Author’s estimations using Fedesarrollo Longitudinal Social Survey. Note: 1/ Row 1 shows

the monetary poverty headcount proposed by Foster, Greer, Thorbecke (1984) for the observed

income (Yit). 2/ Rows 2-4 shows the chronic poverty measurement proposed by Foster (2009)

assuming that households are considered chronically poor, if they fall in poverty in different number

of periods using the structural income (Y Sit ). 3/ Row 5 shows the poverty rate proposed here, i.e

the proportion of households trapped in dynamic structural poverty.

Table 4 compares the poverty status of the households in each year according to

different traditional poverty measurements (in the rows) and the dynamic structural

poverty status (in the columns). Row one estimates the traditional poverty head-

count (FGT(0)) on the observed income (Yit), year by year and compares it with

the poverty measure proposed here, i.e, the poverty rate according to the dynamic

structural measurement. In 2007, 3.6% of the households are poor according to both

measures, while 32% of the households are poor according to the traditional mone-

tary measurement (FGT(0)) only. This can be interpreted as 32% of the households

being non structural but transiently poor, having a per capita income below the mon-

etary poverty line in 2007. Likewise, 2.1% of households are dynamically structurally

poor, but not poor according to the traditional monetary poverty rate (FGT(0)). In

other words, 2.1% of the households have a per capita income above the monetary

poverty line, but are considered to be trapped in dynamic structural poverty. These

households are transiently out of monetary poverty, but their condition of being

structurally and dynamically poor eventually will drag them to monetary poverty.

The distribution of those poverty statuses remain relatively constant across the whole

period.

Row number two cross tabulates the measure of chronic poverty explained before

with the dynamic structural poverty measurement proposed here. In the case when

a household is considered chronically poor if its structural income (Y S
it ) is below the

monetary poverty line for 2 periods or more, 89% of the households are not poor
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according to any of the two poverty measurements, while 4.2% of the households are

poor according to both measures. Around 1.6% are trapped in dynamic structural

poverty but are not considered chronically poor and 4.6% of the households are

chronically poor but not trapped in dynamic structural poverty. When the concept

of chronically poor is more restrictive to include only households with structural

income below the monetary poverty line during three or more periods (row three),

93% of the households are not poor according to any of the two poverty measures

while 1.3% of the households are chronically poor according to the traditional measure

but not dynamic structurally trapped in poverty. 2.6% of the households are trapped

in structural dynamic poverty but not chronically poor, while 3.2% of households are

trapped in structural dynamic poverty and are chronically poor. When a household

is considered chronically poor if its structural income is below the monetary poverty

line in the four periods, 93% of the households are not poor according to any of

the two poverty measures, while 0.7% are poor according to the chronically measure

but not poor according to the dynamic structural measure. 3.6% of the households

are not poor according to the chronic poverty measure but are trapped in structural

dynamic poverty. Finally, 2.1% of the households are chronically poor and trapped

in dynamic structural poverty.

This analysis is important as it shows the difference between the chronic poverty

measurement and the dynamic structural poverty measure: those numbers differ

because the dynamic structural measurement also takes into account the persistence

of the structural poverty status and does not count the number of periods in structural

poverty as independent events.
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6.2 Results of the analysis of the transitory income Y T
it and

the persistence of income shocks

This subsection presents the results of the method proposed by Arellano, Blundell

and Bonhomme (2017) for analysing Y T
it . This analysis is an important complement

to the analysis in the previous section as here I can understand the persistence of

the transitory income, Y T
it , along the whole distribution of the observed income, Yit

and conditional to the convergence clubs. This allows me to understand whether

the persistence and direction of the income shocks reinforce the dynamics of the

structural income, or conversely, they act as opposite forces on the observed income.

In this section I am using the ordinary residuals12 of the gamma model to estimate

the transitory income, Y T
it , in order to maintain the additivity among the structural

income and transitory income:

Y T
it = ε̂it = Yit − E

{
f
(∑

j

β̂jAijt

)}
= Yit − eβ̂0+

∑
j β̂jAijt

Intuitively Arellano, Blundell and Bonhomme (2017) propose as a first step stan-

dardizing the income shocks (Y T
it ) in the traditional way:

Y T∗
it =

Y T
it − Y T

it

SDY T
it

(Eq.14).

Where Y T
it is the sample average of Y T

it over i and t and SDY T
it

is the standard

deviation over i and t.

The next step proposed by Arellano, Blundell and Bonhomme (2017) is to run a

regression of the standardized income shocks on its own lags in the form of a third

degree Hermite polynomial for different conditional quantiles of Y T∗
it on Y T∗

it−1. The

cth conditional quantile function is defined as:

12The ordinary residuals are not recommended as a measure of fitness of a Generalized Linear
Model. Instead, McCullagh and Nelders (1989) propose the Pearson residuals, Anscombe residuals
or deviance residuals.

41



QY T∗
it |Y T∗

it−1
(c) = ψc + φ1,cY

T∗
it−1 + φ2,c[(Y

T∗
it−1)2 − 1] + φ3,c[(Y

T∗
it−1)3 − 3Y T∗

it−1]

(Eq.15).

where c is the cth quantile of the shock of the conditional quantile function ωit and

the parameters to estimate are ψc, φ1,c, φ2,c and φ3,c. In this case, such parameters

were estimated for 20 quantiles, i.e c = 1, 2, ..., 19. The maximization problem that

the conditional quantile regression has to solve in this case is:

Φ̂c = arg min
Φ∈R4

N∑
i=1

2010∑
t=2008

θc{Y T∗
it −ψc−φ1,cY

T∗
it−1−φ2,c[(Y

T∗
it−1)2−1]−φ3,c[(Y

T∗
it−1)3−3Y T∗

it−1]}

(Eq.16).

where Φ̂c = [ψ̂c ˆφ1,c
ˆφ2,c

ˆφ3,c]
′ and θc is the tilted absolute value function13.

Let Y T∗
it,r be the rth quantile of the entire distribution of the standardized tran-

sitory income over all individuals and all years. Arellano, Blundell and Bonhomme

(2017) measure the persistence of the income shocks or transitory income Y T
it as a

19x19 matrix with element (r, c) given by the derivative of the conditional quan-

tile function QY T∗
it |Y T∗

it−1
(c) with respect to Y T∗

it−1, and evaluating it on the different r

quantiles of the distribution of standardized transitory income, given the non-linear

nature of such derivative:

δQY T∗
it,r|Y T∗

it−1,r
(c)

δY T∗
it−1,r

= ˆφ1,c + 2 ˆφ2,cY
T∗
it−1,r + 3 ˆφ3,c[(Y

T∗
it,r)

2 − 1] for r, c = 1, 2, ...19

(Eq.17).

13The tilted absolute value function is defined as:

θc(ζ) =

{
(τ − 1)ζ if ζ < 0

for ζ ∈ (−∞,∞)
τζ if ζ ≥ 0
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This equation corresponds to ρt(τ) in 12 and can be interpreted as the average

persistence across η when is hit by a current shock ωit with rank c (Arellano, Blundell

and Bonhomme, 2017). In other words, if ωit,c represents the cth quantile of the shock

of the conditional quantile function, ρt(τ) is the persistence of Yit−1 when it is hit by

the shock on the cth quantile, ωit,c.

Figures 5 and 6 shows the estimation of the persistence ρt(τ) as defined by equa-

tion 12. That is to say, how the conditional quantile function of current transitory

income Y T∗
i given Y T∗

it−1 changes, when Y T∗
it−1 changes (Arellano, Blundell and Bon-

homme, 2017). The left horizontal axis shows the percentile of Y T∗
it−1 (i.e Y T∗

it−1,r),

while the right horizontal axis draws the percentile of the innovation of the quantile

process, ωit (i.e ωit,c) after re-scaling the axis between 0 and 1 (instead of the original

0 to 20 due to the 20 quantiles). In line with the findings of Arellano, Blundell and

Bonhomme (2017), the graph shows various characteristics: first, the persistence of

the conditional quantile autoregressive process changes accordingly to the quantile r

of the lagged transitory income (Y T∗
it−1,r) and the quantile c of ωit (ωit,c). Second, the

persistence of transitory income (or income shocks) is highest when high transitory

income households (i.e high r of Y T∗
it−1 or equivalently positive transitory income) are

hit by a positive shock (high c of ωit), and when low-transitory income households

(low r of Y T∗
it−1 or equivalently negative transitory income) are hit by a negative shock

(low c of ωit) (Arellano, Blundell and Bonhomme, 2017). The first case is the most

persistent with a persistence close to 0.6, while in the second case the persistence

is around 0.35. Third, negative shocks hitting high transitory income households,

and positive shocks hitting low transitory income households are associated with a

lower persistence of transitory income, reaching levels of 0.05 (Arellano, Blundell and

Bonhomme, 2017).
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Figure 5: Persistence of a quantile autoregression of transitory income Y T
it
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Figure 6: Persistence of a quantile autoregression of transitory income Y T
it
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This pattern of persistence on the transitory income coincides with the pattern

found by Arellano, Blundell and Bonhomme (2017) for the period 1999-2009 using

US data and for the period 2005-2006 with Norwegian data.

Despite these promising results, the analysis in this section is only partial, as I am

using the distribution of the transitory income over the whole sample, without taking

into consideration how the transitory income is related to the structural income.

The possible relation between the structural income and the transitory income is

relevant, as, on the one hand, the persistence of the transitory income Y T
it−1 may lead

to a permanent jump in the observed household per capita income Yit, causing that a

household trapped in dynamic structural poverty never appears as being in monetary

poverty (according to FGT(0) on the observed income Yit) due to the persistence of

such a shock. On the other hand, it may happen that households trapped in dynamic

structural poverty also have more persistent negative transitory income pushing them

to an even lower observed household per capita income.

A separate analysis of the transitory and structural income is incomplete as it

only presents a partial picture of the poverty status of the households. The next

subsection presents a joint analysis of both types of income and identifies patterns

of the transitory income within and between convergence clubs.

6.3 Joint analysis of the structural income Y S
it and transitory

income Y T
it

The way I propose to analyse jointly the transitory income (Y T
it ) and the structural

income (Y S
it ) is repeating the analysis of the transitory income, conditioning on the

convergence club.

Figure 7 shows the density of the transitory income conditional on the merged

convergence club to which the household belongs to, i.e Y T
it for i ∈ GM∗ and M∗ =

1∗, 2∗, 3∗, 4∗ where GM∗ refers to the merged convergence club. Table 5 presents some

basic location and dispersion statistics of these variables. From the figure, it is appar-

ent that the transitory income of each of the four clubs has the same general shape

of the distribution as they are centered around the mean with a heavy upper tail.

Nevertheless, the mean of the distribution of the transitory income of the households
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belonging to club one∗ is higher than the mean of the distribution of the other three

clubs. In turn, club three∗, has a highest mean of the distribution compared with the

other two clubs, followed by club four∗ and club two∗. In other words, the average

transitory income of the households trapped in dynamic structural poverty is higher

than the average transitory income of the households belonging to club two∗ but lower

than the average transitory income of the households belonging to club one∗, the club

that converges to the highest structural income. Furthermore, the quantiles 10 to

50 of the transitory income of the households belonging to convergence club four∗

are higher when compared with the same quantiles of the transitory income for the

households belonging to the other three convergence clubs. Additionally, the disper-

sion of the transitory income is lowest for the households belonging to the club four∗

and increases progressively up to reach its highest on the club one∗. Moreover, the

median value of the transitory income is negative for the four convergence clubs,

implying that households are more prone to face negative income shocks across the

entire income distribution.
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Figure 7: Conditional Kernel density estimates of transitory household income (Y T
it )

by merged convergence club of structural income (Y S
it )

(Y T
it | i ∈ GM∗ for M∗ = 1∗, 2∗, 3∗, 4∗)
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Source: Author’s estimations using Fedesarrollo Longitudinal Social Survey. Note: 1/ Kernel
density estimates of the transitory household income (Y Tit ) using epanechnikov kernel and data
driven bandwidth selection method. 2/ The observations of the transitory income (Y Tit ) are pooled
trough time, as every households belongs to only one convergence club across all periods.

Table 5: Descriptive statistics of transitory household

income (Y T
it ) by convergence club of structural income (Y S

it )

(Y T
it | i ∈ GM∗ for M ∗ = 1∗, 2∗, 3∗, 4∗))

Club Q(0.10) Q(0.25) Q(0.50) Q(0.75) Q(0.90) Mean S.D N

Club 1* -3.768 -2.246 -0.741 1.345 4.323 0.111 4.477 324

Club 2* -2.250 -1.333 -0.518 0.268 1.865 -0.146 3.121 344

Club 3* -1.607 -0.885 -0.272 0.343 1.476 -0.0509 2.020 1908

Club 4* -0.808 -0.475 -0.157 0.221 0.632 -0.125 0.769 160

Source: Author’s estimations using Fedesarrollo Longitudinal Social Survey. Note: 1/ Q(0.10)

to Q(0.90) represent the quantile 10 to quantile 90 of the transitory income (Y Tit ) for each merged

convergence club of the structural income (Y Sit ). 2/ The observations of the transitory income (Y Tit )

are pooled trough time, as every households belongs to only one convergence club across all periods.

47



Finally, it is also important to take into account that 58.3% of the households be-

longing to convergence club one∗ have a negative transitory income (Y T
it < 0), while

this percentage is 66.5% and 62.2% for the households belonging to convergence

clubs two∗ and three∗ respectively. In respect to the convergence clubs four∗, 61.2%

of the households trapped in dynamic structural poverty, have also experienced a

negative transitory income.

Appendix 3 and figures 8 and 9 shows the transitory income persistence estimated

by convergence club. Clubs one∗, two∗ and three∗ have a similar persistence pattern

than the whole sample. Nevertheless, the persistence of the transitory income of

households belonging to convergence club four∗ (figure 9), follows a similar pattern

than that of the whole sample only when households with high transitory income

are hit by a positive shock (high c of ωit): the persistence of transitory income is

highest (around 0.9) when high-transitory income households (i.e high r of Y T∗
it−1) are

hit by a positive shock (high c of ωit). Nevertheless, the persistence is the lowest

when negative transitory income households are hit by a negative shock (between

-.0.5 and 0.1). Those are good news for the households belonging to this club, as it

implies that the negative occurrences of the transitory income and negative shocks

to it, tend to disappear quickly, or even reverse. For the households with positive

transitory income and good shocks, the persistence of these, will help the household

to leave monetary poverty transiently, for a relatively long period due to its high

persistence, but in the long run the dynamics of the structural income will drag

them below the poverty line again.

Finally, figure 10 compares the persistence of the transitory income between con-

vergence clubs. The highest persistence of the transitory income is in general for the

households belonging to the convergence club one∗ and club two∗ (compared with

the other two convergence clubs). Convergence club four∗ (households trapped in

dynamic structural poverty) presents the lowest persistence of the transitory income,

except when they face a very positive transitory income and a very good shock, in

which case the transitory income helps to lift them out of monetary poverty tran-

siently, even if the dynamics of the structural income tend to drag them into poverty

again.
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Figure 8: Persistence of a quantile autoregression of the transitory income for convergence
Club 3∗
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Figure 9: Persistence of a quantile autoregression of the transitory income for convergence
Club 4∗

(Y T
it | i ∈ G4∗)

0
1

0.2

0.8

0.4

1

P
er

si
st

en
ce

 
t(

)

0.6

0.6 0.8

Percentile r of Y
it-1
T*  = Y

it-1,r
T*

0.8

0.6

Percentile c of 
it
 = 

it,c

0.4
0.40.2 0.2

0 0

Source: Author’s estimations using Fedesarrollo Longitudinal Social Survey. Note: 1./ Quantile autoregression
of the transitory income Y T∗

it using the method proposed by Arellano, Blundell and Bonhomme (2017) 2./
Right axis: Percentiles of the shock of the quantile autoregressive process, ωit. Left axis: Percentiles of the
lagged standardized transitory income Y T∗

it−1. Vertical axis: persistence of the transitory income process, ρt(τ) =
δQ

Y T∗
it,r
|Y T∗

it−1,r
(c)

δY T∗
it−1,r

.
49



Figure 10: Persistence of a quantile autoregression of the transitory income
Overlapped surfaces

(Y T
it | i ∈ GM∗ for M∗ = 1∗(green), 2∗(red), 3∗(blue), 4∗(black)))
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7. Conclusions

This paper has proposed a new methodology for measuring poverty, following the

theoretical framework of Carter and Barrett (2006). They propose to measure poverty

through the dynamics of the assets that allow a household to produce enough income

to be consistently above a given monetary poverty line. The estimation and analysis

of such asset dynamics has been previously made following a two-step estimation

method: in the first step an asset index -or structural income- is estimated. This

paper uses a Generalized Linear Model for estimating such asset index -or structural

income-. The second step consist on estimating the dynamics of this asset index -or

structural income-. As a novelty, this paper proposes to estimate the dynamics of this

asset index using the methodology developed by Phillips and Sul (2007) for classifying

countries in convergence clubs. Such methodology was designed for a Solow growth

model and proposes to classify countries (in our case households) according to a

common growth component of the structural income.

This study also recommends to complement the analysis of the asset index -

structural income- with an analysis of the transitory income -residuals of the re-

gression for estimating the asset index-. For this purpose I use the panel quantile

autoregressive methodology proposed by Arellano, Blundell and Bonhomme (2017).

This method allows to estimate the persistence and direction of the transitory income

at which households are subjected.

The measure proposed here brings additional information on the poverty sta-

tus beyond the traditional poverty headcount -FGT(0)- and the multidimensional

poverty index, as it takes into account the dynamic evolution and persistence of

the structural income. It is based on the ideas of Friedman’s permanent income

hypothesis, who recognises that the most important determinant of an individual’s

consumption is the permanent income, instead of the current income, which is in turn

a function of the assets possessed by the individual. From an applied perspective this

poverty measurement uses ground breaking econometric methods which can be ap-

plied to a wide variety of econometric problems. Finally, as all the fourth generation

of poverty measures, the one in this work is based on economic modelling.

The technique proposed here was applied to a panel (with 4 cohorts) of Colombian
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urban households for the years 2007-2010 for the cities of Bogotá, Bucaramanga and

Cali. The results suggests the existence of four convergence clubs for the structural

income among urban households on this cities. The first convergence club (club one∗)

is for the households with a high quantity of assets at their disposal, that allow them

to produce an income well above the monetary poverty line. Not only that, but

its estimated dynamics imply that the households in this club will converge to a

dynamic equilibrium of the structural income well above the monetary poverty line.

The club two∗ and club three∗ includes households whose assets are in a medium-high

and medium low range, below the assets possessed by the club one∗, but above the

monetary poverty line. These households have the capacity to produce structural

income above the monetary poverty line but below the structural income of the

club one∗. It is important to say that the households with the lowest structural income

among club three∗ may fall temporarily in monetary poverty, as their structural

income may fall temporarily below the monetary poverty line, but the estimated

growth component will lift them out of poverty.

The final club (club four∗), is composed by households that do not have enough

assets for generating a structural income above the monetary poverty line. Further-

more, the structural income of the households belonging to this club have a dynamic

of the structural income that converges below the monetary poverty line. These

households may have a structural income temporarily above the monetary poverty

line; nevertheless, the (negative) growth pattern of the structural income of this club

will pull them below the monetary poverty line on the long run. The households

belonging to convergence club four∗ are said to be trapped in dynamic structural

poverty, representing 5.8% of the households in the sample (out of 684 households).

This percentage is the new poverty measurement proposed in this paper.

When analysing the transitory income for the full sample (i.e including the house-

holds belonging to the four convergence clubs) it is found that there exist differences

in the impact of an innovation to the quantile process according to the direction and

magnitude of the percentile of the past level of the transitory income. Persistence

of transitory income is highest when high-transitory income households (households

with positive transitory income) are hit by a good shock, and when low-transitory in-

come households (households with negative transitory income) are hit by a bad shock.

In contrast, bad shocks hitting high transitory income households, and good shocks
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hitting low transitory income households are associated with much lower persistence

of transitory income histories.

If the transitory income analysis is repeated separately for each convergence club,

the results show that, for convergence club one∗, two∗ and three∗ (the clubs with

the structural income converging above the monetary poverty line) the transitory

income have a similar persistence and shock pattern than for the whole sample. For

convergence club four∗ (the households trapped in structural dynamic poverty) the

persistence of transitory income is also highest when high-transitory income house-

holds are hit by a good shock. Nevertheless, the persistence is the lowest when

negative transitory income households are hit by a bad shock. This implies that

negative occurrences of the transitory income and negative shocks to it, tend to dis-

appear quickly, or even reverse. For the households with positive transitory income

and good shocks, the persistence of these, will help the household to leave monetary

poverty transiently, but in the long run the dynamics of the structural income will

drag them below the poverty line again.

Finally, some disadvantages of the method proposed here are its computational

complexity, its high requirement of information, as it needs a panel data with at least

4 cohorts of information on household income (or expenditure), a set of demographic

controls and its variation through time. Additionally, Phillips and Sul (2007, 2009)

method was developed for large samples across the time dimension. Here, the ap-

proach for small samples proposed by the authors was used. Nevertheless, a panel

data with a longer time dimension is required to draw final conclusions on the perfor-

mance of the method. Despite this, the method seems to perform well in comparison

with other traditional poverty measurements given the behaviour of the dynamics of

the structural income of the households between and within convergence clubs.
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9. Appendix

9.1 Appendix 1

Fedesarrollo Longitudinal Social Survey

Estimation of the Household Per capita Income Adjusted by Adult

Equivalence and Divided by the Monetary Poverty Line (lit)

Generalized Linear Model

Distribution: Gamma. Link Function: Logarithmic. 2007-2010.

Main Urban Areas

(1) (2) (3) (4)

VARIABLES GLM (2007) GLM (2008) 2009 GLM (2010)

Male head of the household 0.2615*** 0.0241 0.1413** 0.0966

(0.080) (0.074) (0.069) (0.081)

Years of Education of head of the household 0.0810*** 0.0946*** 0.0763*** 0.0822***

(0.008) (0.007) (0.007) (0.008)

Age of head of the household 0.0180 0.0203 -0.0012 0.0154

(0.018) (0.017) (0.017) (0.019)

Age of head of the household 2 -0.0000 -0.0000 0.0001 -0.0000

(0.000) (0.000) (0.000) (0.000)

Employment rate among household members 2.3668*** 0.8849*** 0.8285*** 0.8985***

(0.172) (0.132) (0.126) (0.145)

Proportion of members between 0 and 12 years old -0.8003*** -0.8006*** -1.2901*** -1.1849***

(0.230) (0.219) (0.209) (0.258)

Proportion of members 62+ years old -0.7842*** 0.0774 0.0475 0.2000

(0.183) (0.167) (0.155) (0.173)

Number of self-employed household members 0.1437*** -0.0073 0.0073 0.0553

(0.043) (0.041) (0.039) (0.044)

Bogota 0.0423 0.0982 0.0844 0.1883

(0.184) (0.171) (0.161) (0.189)

Cali -0.0008 0.2006 0.1195 0.1531

(0.185) (0.172) (0.162) (0.190)

Constant -2.6859*** -1.7823*** -0.8590* -1.5529***

(0.542) (0.516) (0.504) (0.582)

Observations 684 684 684 684

F . . . .

Standard errors in parentheses

*** p<0.01, ** p<0.05, * p<0.1

Source: Author’s estimations using Fedesarrollo Longitudinal Social Survey. Note: 1/ The table presents the

first step in the two-step approach proposed by Adato, Carter and May (2006). 2/ Columns 1-4 present the

estimated coefficients of the control variables using a Generalized Linear Model with a Gamma distribution and

a Logarithmic link function. 3/ Estimations for all the years available (2007, 2008, 2009, 2010). 4/ For the

precise definition of the variables used here see section 4 (data section). 5/ A dummy variable for the city of

Bucaramanga is left out
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9.3 Appendix 3

Figure 12: Persistence of a quantile autoregression of the transitory income for convergence
Club 1∗
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Figure 13: Persistence of a quantile autoregression of the transitory income for convergence
Club 2∗
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Source: Author’s estimations using Fedesarrollo Longitudinal Social Survey. Note: 1./ Quantile autoregression
of the transitory income Y T∗

it using the method proposed by Arellano, Blundell and Bonhomme (2017) 2./
Right axis: Percentiles of the shock of the quantile autoregressive process, ωit. Left axis: Percentiles of the
lagged standardized transitory income Y T∗

it−1. Vertical axis: persistence of the transitory income process, ρt(τ) =
δQ
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it,r
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it−1,r
(c)

δY T∗
it−1,r

.

60



Chapter 4. The effect of different types of health

insurance on health outcomes, medical care use,

and risk protection: evidence from Colombia

Abstract

There are three types of health insurance status for the Colombian population:

individuals with private insurance, individuals on public funded health insurance

for the poor and the uninsured population. Previous studies have found that right

after its introduction the health insurance for the poor increased the use of pre-

ventive healthcare services when comparing them with individuals belonging to

the private insurance, or those who were uninsured. This paper re evaluates the

differences in the effect of the public health insurance for the poor, the private

health insurance and the uninsured population in Colombia along a wide variety

of dimensions, using recent data from the Colombian Longitudinal Survey by Uni-

versidad de los Andes (CLSA) for the years 2010, 2013 and 2016 through a Fuzzy

Regression Discontinuity design. The results show that in 2010 and onwards, there

is no significant difference among the three possible health insurance types in out-

comes related to health status, medical care use, risk protection against illness and

behavioural distortions in urban areas. This may be due to the universal coverage

reached by the health system in 2009 and the equalization of the scope among the

three health insurance types proposed by the public health policy at the end of

the 2000’s.

Keywords: Health insurance, risk protection, regression discontinuity.

JEL classification: I12, I13, I18, C14, C21, C26
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1. Introduction

Access to affordable healthcare is one of the main components of any egalitarian

society, as it protect its members from negative financial shocks due to catastrophic

illnesses. Most of the countries belonging to the OECD have reached universal health

coverage which is also fully public funded in many cases (World Health Organiza-

tion and World Bank, 2017 ). Nowadays the idea of universal health coverage have

expanded to developing countries were public funding is scarce and healthcare can

not be fully funded by the government. Nevertheless, intermediate solutions to the

funding problem have been worked out. There are systems were the part of the pop-

ulation with enough income pays its own private health insurance, while the poorest

part of the population receives public funded or subsidized healthcare. Colombia is

one of those cases.

In 1993 the Colombian health system went through a deep reform with the goal

of reaching universal healthcare access, in particular for the most vulnerable popu-

lation. Prior to the reform, only 25% of the population had access to formal health

insurance (Miller et. al, 2013), while for 2009 universal health coverage was reached,

mainly through the expansion of a health insurance scheme for the poorest popula-

tion (Ministerio de Salud y Protección Social, 2012), called the Subsidized Health

Regime (SR). The Subsidized Health Regime is financed through taxes and cross

subsidies from individuals who can afford paying the health insurance scheme from

private companies, i.e, individuals on the Contributive Health Regime (CR).

The initial goal of the government was to cover the poorest part of the population

with health insurance and, after reaching universal coverage for the poor, equalize

the Subsidized and Contributive Health Regime in terms of quality, use of medical

services, financial risk protection and health status of the population belonging to

each regime. In Escobar et. al (2009) words, “according to the law, the supply-

side subsidies should gradually transform into demand-side subsidies as insurance

coverage expanded, eventually leading to universal coverage with a uniform package

for everyone”. In 2009, the universal healthcare coverage was reached and afterwards

the main goal of the public health policy has been to equalize the reach of the rights,

medicines and services for which the users are entitled in both, the Contributive and

Subsidized Health Regimes.
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Previous studies have shown that before reaching universal health coverage, those

affiliated to the Subsidized Health Regime had a greater medical care use (Trujillo,

Portillo, and Vernon, 2005), better self-reported health status, more preventive and

curative outpatient care, and fewer hospitalizations (Gaviria, Medina and Mej́ıa,

2007), access to prenatal and neonatal care services (Giedion et al, 2009), a higher

birthweight (Camacho and Conover, 2013) and a lower financial risk (Miller et al.,

2013).

In the evaluation of the Subsidized Health Regime, all of the studies mentioned

above use as control group a combination of the individuals belonging to the Con-

tributive Health Regime and Uninsured individuals, leading to some difficulties: when

using such combination of individuals as control group the effect on some variables

may go in one direction due to one subgroup, while it may go on the other direction

due to the other subgroup.

Additionally, the most recent evaluation using Regression discontinuity methods

was made using data from 2003 and 2005 (Miller et al, 2013). At that moment,

the subsidized regime was still expanding and didn’t cover the complete eligible

population. Furthermore, a positive result on the evaluation of the Subsidized Health

Regime close to the time of its implementation may be due to the improvement in

the health care services for those who were previously uninsured, without clarifying

what was the effect in respect to those who were affiliated to the Contributive Health

Regime.

The present paper re evaluates the effect of the Subsidized Health Regime in

Colombia, recognizing the fact that there may be differences among the control

groups when evaluating the Subsidized Health Regime. In other words, this pa-

per evaluates the different effect of the three insurance status, i.e belonging to the

Subsidized Health Regime, Contributive Health Regime or being uninsured, on a

wide selection of variables following the Miller et. al (2013) categorization, includ-

ing proxys for health status (i.e circulatory system diseases, other chronic diseases

excluding those related with the circulatory system, infectious diseases, activities

of daily living and health events during last year), behavioural distortions (i.e fruit

consumption. vegetable consumption, fried food consumption and physical activity),

medical care use variables and risk protection and consumption smoothing (i.e total,

3



health and food expenditure). The difference in the effect is tested using a Fuzzy

Regression Discontinuity (FRDD) design.

Indeed, given the design of the Subsidized Health Regime this is the appropriate

econometric technique to to find the effect of each health insurance type on different

response variables. In particular, the assignation to the Subsidized Health Regime is

done through a poverty-targeting index called SISBEN score (Miller et.al, 2013). If

a household has a score of the SISBEN index below a certain threshold it is eligible

to the Subsidized Health Regime in a non deterministic way1, creating the perfect

setting for using the FRDD method. The SISBEN score can operate as an instrument

for the affiliation status to each type of health insurance. After having said estimation

on the first stage, a second stage estimation may be conducted using the prediction

of the affiliation status as exogenous variable on a Fuzzy Regression Discontinuity

that uses as endogenous variables a set of response variables including health status,

behavioural distortion, medical care use and risk protection related variables.

Additionaly, this paper uses more recent data (compared with other studies)

from the Colombian Longitudinal Survey by Universidad de los Andes (CLSA) for

the years 2010, 2013 and 2016 -after reaching universal health coverage in Colombia

in 2009-. This implies that the results should focus more on finding whether the

different health insurance regimes have been equalized according to the policy goal

of the government.

The results support the health insurance regime equalization’ hypothesis and al-

low me to conclude that the differences that existed among the Subsidized Health

Regime and its control group, do not exist any more, after reaching universal health-

care coverage. Furthermore, there are no significant differences among being affiliated

to the Contributive Health Regime, Subsidized Health Regime or being uninsured.

This is due mainly to the fact that after reaching universal healthcare, the health-

care providers should provide basic health services, even to the population that is

not insured.

Various robustness checks were conducted to test the stability of the results.

1Not everybody with a score below the eligibility threshold of the poverty-index is on the Subsi-
dized Health regime and some households are part of it irrespectively of their score for administrative
rules that will be explained in section 2.2.
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First, different specifications for the approximation degree, bandwidth selection and

kernel function used on the Fuzzy Regression Discontinuity setting were attempted.

Second, the models were estimated for each year separately, and only for the years

2010 and 2013. Third, the models were estimated for the head of the household and

partner only. Fourth, a Bonferroni test were conducted for taking into account the

sequentiality of the test carried for each one of the three health insurance regimes.

Fifth, the models were estimated only for insured individuals, dropping the uninsured

population. The results are always the same: there is no difference on the response

variables according to what type of health insurance the individual possesses.

The remainder of this paper is organized as follows: section 2 presents the policy

background, section 3 makes a brief literature review of previous studies, section 4

describes the data; section 5 describes the econometric method and the results of the

evaluation of the three possible health insurance types in Colombia. Finally, section

6 presents briefly the conclusions and outlook.

2. Policy background

The modern Colombian health system had its origins in 1993, when the prior health

system went through a structural reform in the context of a decentralization and

other state modernization reforms (Escobar et. al, 2009).

Prior to the Reform in 1993, roughly 25% of Colombians (a proportion of the

population with formal jobs) had some kind of “explicit health insurance” (Miller et.

al, 2013). The remaining 75% of the Colombian population had what Miller et. al

(2013) call “implicit insurance” as they could effectively use medical care services in

public institutions paying only a part of the cost-recovering fee and given that out-

of-pocket payments were based on economic status. Nevertheless, more than half of

total spending on health was out of pocket and used to represent an actual barrier

to access medical care services, specially among the poorest population (Escobar et.

al, 2009). The health care system was funded by tax revenue, payroll contributions,

and out-of-pocket expenditures with no pooling of the funding or the risk (Escobar

et. al, 2009).

5



Under Law 100 in 1993, three types of health insurance affiliation were created:

first, the Contributive Regime (CR), aimed at formal employees and their families, or

independent workers with enough income to pay for health insurance. It is financed

with the premium from companies and workers. Premiums are tied to payroll in

the case of formally employed individuals, or income for the case of independent

workers. In both cases they should pay 12.5% of their income as premium. It is

mandatory for anyone formally employed (Ministerio de Salud y Protección Social,

2012; Camacho and Conover, 2013). Second, the Subsidized Regime (SR) for the

poor and unemployed with no ability to pay. Funded by a cross subsidy from workers

in the formal sector and contributions of the central and local governments through

taxes. The Subsidized Regime works through subsidies at the demand. The selection

of the population eligible for the Subsidized Regime is made through the SISBEN

survey (Beneficiary Identification System) and with census of vulnerable individuals

like those belonging to indigenous and displaced population (Ministerio de Salud y

Protección Social, 2012; Camacho and Conover, 2013). These individuals do not

make any insurance contributions (do not pay premium). Third, the Special Health

Regime (SpecR) for workers of some public institutions such as the army, the national

oil company (Ecopetrol), teachers in public schools, employees of public universities,

the police force and some other public servants (Ministerio de Salud y Protección

Social, 2012). These three types of health insurance affiliation provide health services

and medicine plans. Lastly, the uninsured individuals are known as vinculados and

“can go to hospitals and clinics for public assistance” (Camacho and Conover, 2013).

As the system is designed to subsidise the demand, the insured individuals may

choose the insurer, care provider and receive a set of health benefits called the Manda-

tory Health Plan (MHP)2 (Escobar et. al, 2009). Insured individuals can enrol their

family unit. Escobar et. al (2009) estimate that for the contributory regime the

health insurance package had a premium of U$207 annually in 2007 covering all lev-

2The Mandatory Health Plan is comprised by the rights and services that a person affiliated to
either the contributive or subsidized health regime is entitled. It covers the family of the affiliated
member of the household including the spouse or permanent partner of the affiliated; those children
under 18 years of either the spouse or the affiliated who are part of the household and are econom-
ically dependent from the couple; children over 18 years with permanent disability or those with
less than 25 years that are full-time students and financially dependent on the affiliated. If there
is no spouse, permanent partner or entitled children, the health insurance family coverage may be
extended to parents of the affiliated that have no pension and depend on the affiliated economically
(Ministerio de Salud y Protección Social, 2012).
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els of care, while the premium was U$117 for the subsidized regime covering “primary

care, some inpatient care, and emergency care”. After reaching the near-universal

coverage of the system, the idea was to close the gap in the MHP between the Sub-

sidized and Contributive health regime.

Miller et. al (2013) describe the SR “as a variant of the ‘managed competition’

model”. Enthoven (1993) summarizes such model as one where an intermediary (the

government in this case), acting on behalf of the users of the healthcare system,

regulate the market to promote price competition among insurance companies. The

government “establishes rules of equity”, selects the mandatory health plan (MHP),

is in charge of enrolling users of the healthcare into the system, define the respective

price-elastic demand, and “manages risk selection”. The organizations under this

model should integrate financing functions (represented by the insurance companies

here) and the delivery of healthcare services (hospitals, clinics and doctors hired by

the insurance company).

The health insurance coverage jump in Colombia from around 25% of the popula-

tion in 1993 to 91% in 2009, mainly due to the rapid growth of the Subsidized Health

Regime (Miller et. al, 2013). Thereafter the general insurance coverage has fluc-

tuated around 90% of the total population, showing mainly re-compositions among

SR and CR, but holding the total percentage of insured population approximately

constant (see figure 1).

Once the near-universal coverage of the formal health insurance system in Colom-

bia were reached in 2009 the policy focused on equalizing the scope of the MHP

among the Contributive and Subsidized Health Insurance Regime. The MHP for

the Contributive Regime and the Subsidized Regime were different in reach when

the Subsidized Regime was first implemented due to budgetary limitations. As ex-

pected, the MHP used to cover a wider range of procedures and medicines for the

Contributive Regime (Ministerio de Salud y Protección Social, 2012).

The equalization process of the MHPs started as an implicit rule of investment for

the resources initially intended to the expansion of the SR once the universal coverage

was reached. It started in 2009 with the population of 18 years old and younger and

in 2012 it ended when the rest of the population was included (Ministerio de Salud

y Protección Social, 2017).
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To assure the permanent equalization of the MHPs among both health insurance

regimes such equalization was introduced as a permanent law in 2011 (Ministerio de

Salud y Protección Social, 2012).

Figure 1: Insured Population

Source: Ministerio de Salud y Protección Social (2012).

2.1 Price structure: Premium, copayment, sliding scale fees,

deductibles and cost-recovery fees

In the Colombian Health System the population and beneficiaries are subject to

premium, copayments, sliding scale fees, cost-recovery fees and deductibles according

to what regime the individuals are affiliated (or if they are insured or not at all).

For the Contributive Regime the payment changes according to weather the per-

son is the directly affiliated to the Health System (the contributing working member)
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or one of the beneficiaries (part of the family of the affiliated that can be covered by

the health insurance of the affiliated). The premium is paid by all of those who are

formally employed and by the independent workers with a monthly income higher

than the minimum legal monthly wage. The formally employed should contribute

12.5% of the total wage, while the independent workers should contribute 5% (or

12.5% of 40%) of the total monthly income.

There are two types of fees that should be paid by all the Health System cus-

tomers: the copayment and sliding scale fees. The later is applied with the sole

objective of rationalizing the use of system (Ministerio de Salud y Protección Social,

2012). The copayment, which is the value paid by the individual every time he uses a

health service, should be paid only by the beneficiary members (not by the affiliated

member) depending on the income range of the affiliated member 3.The sliding scale

fee, should be paid by both, the affiliated and the beneficiaries, per each event 4.

For the beneficiaries, those payments help financing of the Mandatory Health Plan.

In any case the sliding scale fees nor the copayments can be a barrier to access the

health services for the poorest population. For this reason the people belonging to

the level 1 of the SISBEN (SISBEN ranges between level 1 and 6, being 1 for the

poorest people) in the Subsidized Health Regime are excluded from the moderator

fees and copayments (Ministerio de Salud y Protección Social, 2012) 5. The unin-

sured people have to pay a cost-recovery fee every time they need medical attention
6.

3If the affiliated’s member income ranges between 1 and 2 minimum legal wages, the beneficiary
should pay 11.5% of a minimum legal daily wage (MLDW), if the income goes from 2 to 5 minimum
legal wages the copayment should be 17.3% of a MLDW. Finally, if the wage is higher than 5
minimum legal wages the copayment should be 23% of a MLDW. The copayments amount has a
maximum limit for each event and per year (Ministerio de Salud y Protección Social, 2004)

4If the affiliated’s member income ranges between 1 and 2 minimum legal wages, the individual
should pay 11.7% of a MLDW, if the income goes from 2 to 5 minimum legal wages the sliding scale
fee should be 46.1% of a MLDW. Finally, if the wage is higher than 5 minimum legal wages the
moderation fee should be 121.5% of a MLDW (Ministerio de Salud y Protección Social, 2004)

5Nevertheless, people belonging to the SISBEN level 2 and 3 have copayments of 10% of the
total cost of the service with a maximum amount of 50% of a minimum legal monthly wage per
event and a maximum cost of one minimum legal monthly wage per year (Ministerio de Salud y
Protección Social, 2004).

6Population non-affiliated to the SR belonging to the SISBEN level 1 would pay 5% of the
total cost without exceeding one minimum legal monthly wage per event. People belonging to the
SISBEN level 2 would pay 10% of the total cost without exceeding two minimum legal monthly
wage per event. Individuals belonging to the SISBEN level 3 would pay up to 30% of the total cost
without exceeding three minimum legal monthly wage per event. People belonging to the SISBEN
levels 4, 5 or 6 or with payment capacity would pay the full cost of the healthcare service per event

9



Copayments are applied to all services covered by the MHP in the Contributive

Regime, with the exception of health promotion and prevention services, maternal

and child care, care of communicable diseases, catastrophic or high cost illness and

emergency care (Ministerio de Salud y Protección Social, 2012). Any service, activ-

ity, procedure and intervention included in the Subsidized Mandatory Health Plan is

free and there are no moderator fees or copayment for the children during the first

year of life, for everyone of SISBEN level 1 (at any age) and special populations 7.

Attention is also free in the Subsidized Regime for services including the prenatal

care, delivery care, preventive health services, control programs in care of communi-

cable diseases, catastrophic diseases and dental consultation (Ministerio de Salud y

Protección Social, 2012).

2.2 Eligibility for the Subsidized Regime

As previously explained the eligibility for the SR depends on whether a household

is above or below a preset threshold in a poverty-targeting index called SISBEN
8 (Miller et al., 2013). The SISBEN phase I (1995-2005) was based on fourteen

components capturing different aspects of socio-economic status at the household

level 9 (Department of National Planning, 2008a). A SISBEN score per household

was then calculated by using principal components across this fourteen dimensions
10. The corresponding SISBEN score of the households were then clustered into 6

levels, and those households belonging to the levels 1 and 2 were eligible for the SR

(Miller et al., 2013) (See Figure 2).

Nevertheless, local politicians and potential beneficiaries had incentives to ma-

nipulate the SISBEN score for increasing the enrolment to the SR 11 (Camacho and

(Ministerio de Salud y Protección Social, 2013).
7Special populations include indigenous communities, workers of the public kindergartens, dis-

placed population and homeless population.
8SISBEN is the acronym in Spanish for Sistema de Identificación de Beneficiarios
9Dwelling material, access to public services, assets possession, demographic composition, edu-

cation, and labour market variables (Miller et al., 2013).
10The scale of the scores goes from 0 to 100 where the wealth of the household increases as the

score approaches 100 (Miller et al., 2013)
11In 1998 the algorithm to calculate the SISBEN score was released to the officials in charge of

making the surveys for measuring eligibility at county level. At the same time, the distribution of
the SISBEN score phase I started showing a sharp discontinuity on the SISBEN score at the cutoff
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Conover, 2011) which, combined with the low discriminatory power of some variables

made necessary to reform the SISBEN index. With this in mind, the SISBEN phase

II (2005-2011) was introduced. In this version of the SISBEN, the principal com-

ponents methodology and the thresholds for the full eligibility to the SR remained

unmodified (Department of National Planning, 2008a) while the set of variables used

for calculating the score changed. Between 2009 and 2011 partial health subsidies

were introduced to the strata 3 of the SISBEN phase II 12. After 2011 the SISBEN

phase III was implemented for improving the discrimination power of the index. This

version of the index is estimated using fuzzy sets and it focuses in the quality of life

and the capacities of the individuals to generate welfare (Department of National

Planning, 2008a). There are now three domains: 14 main cities, other municipalities

and rural areas 13 (See Figure 2).

Miller et. al (2013) argue that the correlation between eligibility for the SR and

effective enrolment is not perfect due to errors in household classification, manipula-

tion of SISBEN scores, lack of public funding, enrolment prior to the SISBEN survey

baseline (Miller et. al, 2013) and automatic inclusion to the SR of special populations

irrespectively of their SISBEN score. For the SISBEN II and SISBEN III, there was

still some manipulation of the index at a lesser degree than the SISBEN I index.

From 2006 the budget of local governments was not an obstacle anymore for the

enrolment of eligible individuals and since 2009 Colombia has reached universal cov-

erage on healthcare services (Ministerio de Salud y Protección Social, 2012) 14. This

had implications for the identification strategies on past works on the topic (Miller

et. al, 2013), and will have implications on the identification strategy followed on

this paper, as we will be able to assume that every person who is eligible for the SR

has a chance to be selected for the SR greater than 0.

thresholds.
12This implies that households with SISBEN scores between 48 to 58 in the urban areas and 30

to 45 in the rural areas started to have access to partial subsidies in the SR (see Figure 2).
13Households are eligible for the SR if they are below 54.86 on the 14 main cities, 51.57 on other

municipalities and 37.80 on rural areas.
14Adding up the number of insured individuals among CR, SR and SpecR.
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Figure 2: Elegibility to the Subsidized Regime according to SISBEN score

Source: Department of National Planning (2008a,2008b), Ministerio de Salud y Protección Social
(2004).
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3 Literature review

Previous empirical papers have studied Colombia’s SR, but very few works have com-

pared explicitly the SR, CR and the uninsured individuals. In particular three works

use propensity score matching as their main econometric method. First, Trujillo,

Portillo, and Vernon (2005) compare SR enrollees to uninsured individuals, finding

that the SR is associated with greater medical care use. Second, Giedion and Uribe

(2009) and third, Giedion et. al (2009) estimate the impact of the SR on healthcare

access and use. For a wide range of variables the authors found that being affili-

ated to the SR increases the access to healthcare services and reduces the number of

individuals reporting not seeking medical care for financial reasons.

Gaviria, Medina, and Mej́ıa (2007) found that that SR enrolment is associated

with better self-reported health, fewer hospitalizations and more medical care use

through instrumental variables. Santa Maŕıa et al. (2015) evaluate Colombia’s health

reform implemented in 1993 using a diff in diff setting. They found that the intro-

duction and increase in coverage of the SR has a positive effect on access to health

services, health outcomes and quality of service.

Three previous works have been done using a regression discontinuity design.

Matching official SISBEN score data with birth records, Camacho and Conover (2013)

find that SR enrolment is associated with increased birth weight and better APGAR

scores but not prenatal care use, medical supervision of deliveries, or probability of

hospital delivery. Miller et. al (2013) find that the SR was able to mitigate the

financial risk among the poor and increased the use of preventive healthcare services

with significant improvements in health status. De la Mata and Gaviria (2015)

measure the exogenous effect of losing health insurance coverage when turning 18

years old. They find that the lack of coverage increases the visits to the emergency

room and reduces the use of preventive and curative healthcare services.

Finally, Houweling et al. (2015) use Poisson regression to measure the effect of the

health insurance coverage scheme (SR, CR or uninsured) of the mother in neonatal

mortality in Colombia. As expected, the authors find a lower mortality rate among

infants born from mothers in the CR compared with uninsured mothers or mothers

in the SR. They conclude that despite the SR not being sufficient to “close the gap in
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newborn mortality between socioeconomic groups”, it is an improvement in respect

with those uninsured.

This paper differs from the existing literature and contributes to it in at least two

fronts. First, it re evaluates the effect of the Subsidized Health Regime in Colombia,

but modelling explicitly the fact that may be differences among the control groups

when evaluating it. In particular it evaluates the differences among the three main

health insurance regimes that a person can be part of: Contributive Health Regime,

Subsidized Health Regime or Uninsured (excluding the SpecR which represent a

minority of the population). Second, this paper uses more recent data compared

with similar studies. In particular it uses household surveys for the years 2010,

2013 and 2016, after reaching universal coverage of the Health System in Colombia

in 2009. This implies that the results should focus more on finding whether the

different health insurance regimes have been equalized according to the initial goal

of the government. In particular, after 2009 the government has been implementing

what is called the unification of the Mandatory Health Plan (MHP) among the users

of the Contributive and Subsidized Health Regime.

4. Data

Colombian Longitudinal Survey by Universidad de los Andes

This paper uses the same data than Sandoval (2019). For this reason some of the

text here is similar to the data section in that study.

The Colombian Longitudinal Survey by Universidad de los Andes (CLSA) had

its first round in 2010, a second round in 2013 and its more recent round in 2016.

It is designed as a panel survey where some of the households in the original cohort

(2010) are intended to be followed through time. On its first round, it interviewed in

total 10.168 households with representativeness on five regions (Atlántica, Paćıfica,

Central, Oriental y Bogotá), where 53.5% of the households were located in urban

areas and 46.5% in rural areas (Universidad de los Andes, 2011; Sandoval, 2019). In

2013 the sample was composed by 9.262 households. Of these households, 8.848 were

14



intended to be part of the panel in 2010 and were able to be effectively interviewed

(Universidad de los Andes, 2014). In 2016, 8.818 households were interviewed, 50%

on each area. This implies that the attrition rate of the survey was 6% during the

period 2010-2013 and 4.8% between 2013-2016 (Universidad de los Andes, 2017).

This work uses these three cohorts to evaluate the effect of the different health in-

surance regimes in Colombia, using the pooled sample, i.e, treating each observation

as independent across time. This gives a potential sample of 28.248 observations cor-

responding to each household on each year. Moreover, most of the response variables

evaluated here are asked at individual level, which implies that I have a potential

of 118.824 observations at individual level. Nevertheless due to the sample design

of the survey not all variables are asked to all members of the household, and not

all variables are asked on all the cohorts. Basic data like gender and age is asked

to all household members in all cohorts, but detailed data like labour status, eco-

nomic status and health insurance information is asked only to certain members of

the household 15.

Given this sampling design, and considering also the non-response rates in the

survey, it is expected to have a smaller sample in respect to the numbers described in

the previous paragraph. Appendixes 1A-1F shows the exact definition, target pop-

ulation and cohort availability for each of the questions that were used to construct

the variables used in the econometric models. Table 1 shows the descriptives of the

variables used for estimating the econometric models. Panels A to D of table 1 shows

the descriptive statistics of the response variables of the econometric section, divided

according to Miller et. al (2013) in health status variables, medical care use variables,

behavioural distortion variables and risk protection variables.

Of the 28.248 household-year observations, 53% are urban, comprising the final

sample of interest in the econometric models due to reasons that will be explained

15In 2010 such detailed information is asked only to the head of the household and partner
regarding themselves and children 0 to 9 years old. In 2013, said information was collected for the
head of the household and partner in 2013 (that may be different from the persons with the same
status in 2010), children from 0 to 13 years old that were selected as part of the panel in 2010 and
people from 0 to 64 years old that were not selected as part of the panel in 2010. For 2016, this
information set is asked to head of the household and partner in 2010 selected as part of the panel,
children 6 to 16 years old that were part of the panel, people from 0 to 64 years old that were not
selected as part of the panel in 2010 and persons 10 to 16 years old that were selected as part of
the panel.
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later. Unfortunately, not all those households have the required variables for the

econometric models I am running. This fact, combined with the changing structure

of the survey and the non response rates, leave me with a final effective sample of 629

observations, for the variable with less observations and 5.089 for the variables with

most observations 16. In terms of the structure of the survey it asks for welfare con-

ditions, demographic conditions, health and education for the head of the household

and its partner in 2010 and for every member of the household in 2013.

Panel A of table 1 shows the descriptive statistics for the health status variables.

Such health status variables can also be divided in categories according to circulatory

system diseases 17, chronic diseases 18, infectious diseases 19, difficulties to perform

activities of daily living 20 and health events during last year 21. In most of the cases

the health status variables are balanced according to the health insurance status,

meaning that the incidence of each of those health conditions is similar among the

individuals belonging to the CR, SR and uninsured22. The only variable that shows

imbalance among insurance status are the hypertension which have an incidence of

10% for uninsured people while in the CR is 15% and in the SR is 17%.

Panel B shows descriptives for medical care use variables 23. Three variables in

this category show some type of imbalance among household insurance types. First,

64% of individuals in the SR has visited the doctor during last year, while 70% have

16In total, this paper is estimating the effects of the SR, CR and uninsured status on 59 variables.
This implies that there is a lot of variation in the number of effective observations we have for each
variable. This is due to the fact that each estimation requires information on three variables: The
SISBEN score, the insurance affiliation status of the individual and the response variable. The main
issue is that not all of the individuals has observations for the three variables. Additional to this
not all the variables exist in all years. 27% were asked in all years, and the other 73% only in 2013
and 2016. 50% of the variables have around 1.783 observations, while 15% have 4.084 observations,
15% have 1.547 observations and only one variable has 629 observations. The variable with 629
observations have such a small sample due that it was collected only in 2013 and 2016 at a household
level. 58 out of 59 variables have a number of observations between 1.449 and 5.089.

17Including thrombosis, hearth attack, hearth conditions and hypertension.
18Including asthma, emphysema, diabetes, ulcer, epilepsy and cancer.
19Tuberculosis only.
20Including movement difficulties, showering difficulties, learning disabilities and blindness.
21Including illness, accident, surgery or pregnancy.
22To establish an objective criteria I consider that the variables are balanced among different

health insurance regimes if the incidence on each regime do not differ by more than 5%.
23This category includes a question on whether the person has been hospitalized during the last

12 months, and the use of preventive medicine including visits to doctor, visits to the dentist, visit
to the optometrist, use of alternative medicine, use of contraceptives and the use of other preventive
medicine.
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done it in the contributive regime and 47% among uninsured people. Following the

same pattern, 50% of individuals in the SR visited the dentist in the last year, while

55% did it in the CR and only 36% among the uninsured. A pattern in the same

direction was followed by those who visited the optometrist.

Panel C of table 1 shows the descriptives for the behavioural distortion variables
24. Most of the variables in this category do not show differences according to the

insurance type. Nevertheless, uninsured individuals consume more fruit in lower

frequencies than the individuals in the other two insurance regimes, while the daily

fruit consumption is higher for the individuals in the CR. In respect to the fried

food, the uninsured individuals consume less fried food twice a week. Finally, the

uninsured individuals tend to have less moderate physical activity during the last

week compared to either the households in the SR and CR.

Panel D shows the descriptives for risk protection and consumption smoothing. In

this case, as expected, the households in the CR have the highest household monthly

expenditure, followed by the uninsured households who have the second highest total

expenditure per capita, and finalizing with the households in the SR who have the

lowest per capita expenditure. In the same direction, the households on the CR have

the highest health annual expenditure, followed by the households in the SR, while

the uninsured households have the lowest annual health expenditure. The household

monthly food expenditure is higher for households in the CR, followed by households

in the SR and uninsured households.

24This category includes fruit consumption, vegetable consumption, fried food consumption and
physical activity
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5 Econometric strategy

Given the design of the health insurance system in Colombia, the appropriate method

to evaluate the difference among different insurance types is the Fuzzy Regression

Discontinuity design. In this case it is clear that there is a jump in the probability

for being affiliated to the Subsidized Health Regime as soon as the household is be-

low a predetermined threshold in the SISBEN score. Nevertheless, the jump in such

probability is not from zero to one, given that there are some other rules for inclusion

in the subsidized regime that do not depend on the SISBEN score. For instance, on

the one hand, if an individual has formal employment he should be affiliated to the

Contributive Regime irrespectively of the SISBEN score of the household. On the

other hand, indigenous communities and workers of public kindergartens are auto-

matically affiliated to the Subsidized Regime irrespectively of their SISBEN score.

Additionally, after 2009 (the implementation of the SISBEN phase II), households

belonging to the SISBEN level 3 started being eligible for the Subsidized Health

Regime receiving partial subsidies.

As explained in section 3, there may also be administrative reasons for an in-

dividual belonging to a particular health insurance type to be misclassified. Those

reasons include, among others, classification errors on the Subsidized Health Regime

and the lack of funding to enrol all the individuals who where supposed to be enrolled

on the Subsidized Health Regime. Those situations were common during the initial

phase of the implementation of the SR. Nevertheless, some households may still not

be affiliated to the Subsidized Health Regime, despite being eligible (Miller et. al,

2013).

This section is largely based on Imbens and Lemieux (2007), Lee and Lemieux

(2010) and Calonico et.al (2014a, 2014b) who explain in detail the ideas behind the

Sharp Regression Discontinuity Design and Fuzzy Regression Discontinuity Design,

the estimation procedure and inference methods. Most of the equations and exposi-

tion here reproduce those in this papers.

Lee and Lemieux (2010) argue that to estimate the treatment effect in this quasi

experimental design, it is necessary to combine the Fuzzy Regression Discontinuity

(FRD) method with IV. In the IV framework, the estimated treatment effect can be
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interpreted as the local average treatment. Following Imbens and Lemieux (2007)

notation let Yi be the observed outcome of interest for the individual i (for instance,

health status variables). Let Wi ∈ {0, 1} be a variable representing the treatment

status, i.e, Wi = 0 if unit i was not part of the treatment group, and Wi = 1 otherwise

(belonging to the SR, CR or been uninsured in this case). In addition, Imbens and

Lemieux (2007) define a vector of covariates represented by (Xi, Zi), where Xi is a

scalar and Zi is a vector with m elements. Neither Xi nor Zi have been influenced

by the treatment status of the individual i. While Zi can be seen as a set of regular

covariates, Xi plays the most important role in the regression discontinuity design,

as it is assumed that the assignment to the treatment (in this case the insurance

type) is determined, partially or totally by the value of Xi “being on either side of

a fixed threshold” c (Imbens and Lemieux, 2007). Xi in this setting corresponds to

the SISBEN score. Finally, Lee and Lemieux (2010) propose to define a variable Ti,

where Ti = 1[Xi ≥ c] if the assignment variable take a value above the eligibility

threshold c for the individual i. If that is the case, the probability of receiving the

treatment can be written as Pr(Wi = 1|Xi = x) = γ + δTi + g(Xi − c) where g(.) is

any continuous function in the assignment variable (Lee and Lemieux, 2010).

Lee and Lemieux (2010) define the Fuzzy Regression Discontinuity Design (FRDD)

as the equations system:

Wi = γ + δTi + g(Xi − c) + νi (Eq.1).

Yi = α + τWi + f(Xi − c) + εi (Eq.2).

where γ, δ, α and τ are parameters to be estimated, νi and εi are error terms

independent of X while εi is also independent from Wi. In this setting the most

important parameter is τ which can be interpreted as the treatment effect.

In the context of this paper Yi is one variable in the set of response variables

which can be grouped into health status variables, behavioural distortion variables,

medical care use variables and risk protection and consumption smoothing variables.

For each variable belonging to each group, either Yi(1) or Yi(0) is observed depending

on whether the individual i belongs to the treatment group (Wi = 1) or the control
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group (Wi = 0) (Imbens and Lemieux, 2007). In this particular case, there are three

possible treatments: belonging to the CR, belonging to the SR or being uninsured.

Let j represent the treatment, i.e j ∈ {CR, SR,Uninsured}, then let Wi,j = 1 if the

individual i was exposed to treatment j. For instance, Wi,CR = 1 identifies an indi-

vidual who was affiliated to the Contributive Regime, while Wi,CR = 0 implies that

the individual i was not affiliated to the Contributive Regime (then, individual i was

either affiliated to the Subsidized Regime or Uninsured). Zi are the “pretreatment

variables” that are not affected by the treatment (Imbens and Lemieux, 2007) like

age of the head of household, age composition of the household, gender, household

size and occupation status. Finally, Xi is the centered SISBEN score around zero

(c = 0), on the threshold where the SISBEN level cross from 2 to 3 (See Figure 2).

A critical part of the Fuzzy Regression discontinuity method is the bandwidth

selection. Given that the FRD method estimates the “intention to treat” in a vicinity

of the threshold c, local polynomial regressions are needed to be conducted on each

side of c. For this porpoise a bandwidth25 of data should be selected to adjust said

regression on each side of the cutoff c, allowing for different slopes and intercepts on

either side.

Calonico et.al (2014a, 2014b) show the various options to choose said bandwidth.

Lets assume that a bandwidth of size h is selected then c−h ≤ Xi ≤ c+h. The first

bandwidth selection option is based on the conventional estimator for the treatment

effect in the FRD. Nevertheless the FRD estimator in this case is biased and this

bias is translated to the bandwidth and confidence intervals (Calonico et.al, 2014a).

The second option constructs confidence intervals that are bias corrected using MSE-

optimal bandwidth choices, at the cost of efficiency (Calonico et.al, 2014a), leading

to wider bandwidth choices and confidence intervals. The third option is proposed

by Calonico et.al (2014a, 2014b) and is called “robust”. They present an alter-

native asymptotic approximation at the MSE bias correction, taking into account

the variability of the original FRD treatment-effect estimator and the variability of

the bias-correction term in the distributional approximation of the Studentized test

(Calonico et.al, 2014b). Therefore this estimator is more efficient than the second

one and correct the bias in the confidence intervals.

25A bandwidth is the interval around c, of size h, to fit a linear regression model.
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For this reason, this work present two types of estimators when reporting the

results: first, the conventional estimator with conventional variance estimator and

bandwidth selector and, second, a “robust” estimator following Calonico et.al (2014a)

which includes bias-corrected FRD estimates with MSE bias correction and the as-

sociated variance robust estimator.

5.1 Assumptions

The present section borrows from Imbens and Lemieux (2007) for giving a theoret-

ical overview of the assumptions behind the Fuzzy Regression Discontinuity (FRD)

method. Furthermore, the section explores whether the data complies with the nec-

essary assumptions for being able to measure the effect of the health insurance type

on different response variables using the FDR. Three main assumptions will be dealt

with: First, the existence of a discontinuity or a jump in the treatment variable at

a given value of the running variable. Second, the non-existence of a discontinuity

in variables that are assumed to be exogenous. Third, the non-manipulation of the

running variable (Imbens and Lemieux, 2007).

In the FRDD design, the probability of receiving the treatment changes in a

proportion less than one at the threshold (Imbens and Lemieux, 2007). In other

words, the assignment to the treatment group is not perfectly correlated with the

crossing of the threshold:

limx↓cPr(Wi = 1|Xi = x) 6= limx↑cPr(Wi = 1|Xi = x) (Eq.4).

Let the change in a regression of the outcome variable (Y ) on the assignment

variable (X) at each side of the threshold (c) be limx↓c E[Y |X = x]− limx↑c E[Y |X =

x]. Analogously, the change in a regression of the treatment variable (W ) on the

assignment variable (X) at each side of the threshold (c) be limx↓c E[W |X = x] −
limx↑c E[W |X = x]. Imbens and Lemieux (2007) propose to estimate the “average

causal effect of the treatment” as the quotient between change in the regression of the

outcome variables as numerator and the change in the regression on the assignment

variable as the denominator. That is to say:
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τFRD =
limx↓c E[Y |X = x]− limx↑c E[Y |X = x]

limx↓c E[W |X = x]− limx↑c E[W |X = x]

Imbens and Lemieux (2007) also present the estimation and inference methods as-

sociated with the Fuzzy Regression Discontinuity design. For the estimation method,

they present the local linear regression method along with the bandwidth selection

method associated with this local linear regression and develop the asymptotic vari-

ance estimator.

The assumptions are first stated formally in the way proposed by Imbens and

Lemieux (2007), and then explored from the data perspective.

Assumption 5.1.1 (Continuity of conditional Regression Functions)

E[Y (0)|X = c] = limx↑c E[Y (0)|X = x] = limx↑c E[Y (0)|W = 0, X = x] =

limx↑c E[Y |X = x]

As Lee and Lemieux (2010) pointed out, this assumption is necessary as the pair

Yi(0), Yi(1) is not observable; only E[Y (0)|X = x] and E[Y (1)|X = x] over sub-

populations are comparable. Such comparison is only possible if the expected values

of the outcomes are continuous around the threshold. In Lee and Lemieux (2010)

words “this continuity condition allows to use the average outcome of those right

below the cutoff [...] as a counterfactual for those right above the cutoff”. Such

continuity assumption is necessary, so there are no tests for the validity of the design

more than applying the FRD design itself. Lee and Lemieux (2010) also recognizes

that it is not clear which behavioural assumptions on the economic agents involved

are required to justify the continuity assumption around the threshold c.

Assumption 5.1.2 Wi(x) is non increasing in x at x = c

This assumption is cited and explained by Imbens and Lemieux (2007). Basically,

it is the same assumption used in the general IV setting representing monotonicity.

For explaining the intuition it is important to recall that in the IV framework, the

defiers are those individuals that would not take the treatment if they were assigned

to the treatment group and individuals who would take the treatment if they were

assigned to the control group. The monotonicity assumption in 5.1.2 implies that
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there are no defiers in the population (Oldenburg et. al, 2016).

Imbens and Lemieux (2007) propose to test this theoretical assumptions by means

of graphical analysis. First, based on equation 4, the main identification assumption

will be proved: the presence of a jump in the probability of being assigned to the

treatment (W ) as function of the running variable (X) on the threshold (x = c). Sec-

ond, the continuity of the pretreatment and exogenous variables (Z) at the threshold

(x = c) of the assignment variable (X) will be tested for identifying “possible speci-

fication problems” (Imbens and Lemieux, 2007). Third, the no manipulation of the

running variable (X) will be tested examining its density and running the manipu-

lation testing procedure proposed by Cattaneo, Jansson and Ma (2018).

Figure 3 and appendix 2 try to identify the presence of a jump of the treatment

variable (belonging to the Subsidized or Contributive regime or being uninsured)

as a function of the running variable (the SISBEN score) on the urban areas. The

figure 3 shows the probability of having each type of insurance as a function of the

SISBEN score. The top left graphic shows the result of this exercise for the subsidized

regime. It shows that there is a jump down of around 20%, of the probability of

being affiliated to the subsidized regime around zero. Such jump is implied by the

non overlapping intervals around both sides of the threshold. Besides this, there is

not only a jump in the probability of being affiliated to the subsidized regime but

also a change on the trend, which changes from being decreasing, to almost flat

above the zero threshold. The top left graph shows the same estimation for the

contributive regime. In this case, there is also a jump upwards on the probability of

being affiliated to the contributive regime of around 15%, again with non overlapping

intervals. Furthermore, there is also a change in trend around the zero threshold.

Finally, the left bottom graph repeats the exercise for the uninsured individuals.

In this case, there is not an statistical significant jump on the probability of being

uninsured around the threshold.26

26The size of the jump in the affiliation to the Subsidized Health Regime is similar to the one
in Miller et. al, 2013 (20%) and Camacho and Conover (2013) (15%). Additionally, various in-
stitutional arrangements make the classification of individuals among Subsidized and Contributive
regime not a one to one occurrence with the SISBEN score. First, if an individual has formal employ-
ment he should be affiliated to the Contributive Regime irrespectively of the SISBEN score of the
household. Second, indigenous communities and workers of public kindergartens are automatically
affiliated to the Subsidized Regime irrespectively of their SISBEN score. After 2009, households
belonging to the SISBEN level 3 started being eligible for the Subsidized Health Regime receiving
partial services (before 2009 only SISBEN levels 1 and 2 had access to the Subsidized Regime).
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The appendix 2A to 2C repeat the figure 3, but using different bandwidth selection

methods, as the wideness of the intervals is very sensitive to the choice of bandwidth.

Appendix 2A shows this exercise for the Subsidized Regime in urban areas, appendix

2B for the Contributive Regime in urban areas and the appendix 2C for the uninsured

individuals in urban areas. In general, it can be said that the magnitude of the jump

is similar in every case, despite the significance of such jump being different according

to the bandwidth selection method.

Appendixes 2D to 2F repeat the exercise of appendixes 2A to 2C for rural areas.

The graphs show in general that around the zero threshold there is no statistically

significant jump in the probability of either being in the subsidized regime, contribu-

tive regime or uninsured. Nevertheless, in some cases there is a change in the trend

around such threshold, every time on the expected direction.

Additionally, there were enrolment in the Subsidized Health Regime prior to the SISBEN survey
baseline (Miller et. al, 2013). In terms of classic measurement error, Miller et al. (2013) argue that
errors in household classification, manipulation of SISBEN scores and lack of public funding use to
be a problem in the SISBEN I. For the other versions of the SISBEN, this may be reinforced by a
lack of frequent update of the SISBEN score through a resurveying process, reporting errors in the
variables on the CLSA survey and errors due to the change in the sample design of the CLSA (see
Appendix 1). Finally, some gate-crashers were detected in the lowest levels of SISBEN for getting
benefits from various social programs.
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Appendixes 3A to 3C estimate the existence of a jump for the exogenous variables

that should have no direct influence on the probability of being affiliated to a par-

ticular insurance regime, as function of the running variable. In general, most of the

exogenous variables do not show a statistically significant jump on the SISBEN score

at the zero threshold. Specifically we look at variables including age, age composi-

tion of the household, years of education, income, gender, occupation and economic

status of the members of the household. On the one hand, among those variables

that do not present an statistically significant jump (using a linear approximation

and an epanechnikov kernel) are the age of the head of the household, the proportion

of the members of the household between 0 and 12 years old, proportion of 62+ years

old household members, the gender of the head of the household, the proportion of

the people who do not earn income and whether the person is employed, unemployed

or inactive. On the other hand, the variables that present a jump are those that

are used to calculated the SISBEN score. In this case, there is a jump downwards

in the the household size above the zero threshold on the SISBEN score, while the

direction of the jump is upwards above the zero threshold for the years of education,

per capita income and the proportion of wage earners among household members.

Table 2 repeats the same exercise but estimating the descriptive statistics of the

exogenous variables for each health insurance type. In this particular case, variables

related to age (age of the head of the household, proportion of members of the house-

hold between 0-12 years old and proportion of members of the household older than

62 years old) seem to be balanced according to the treatment status. In other words,

those variables are similar irrespective of whether the household or the individual

belongs to the Contributive or Subsidized Regimes, or it is uninsured. The same can

be said with respect to gender of the head of the household and household size.

Other socio economic status variables, seem to be unbalanced according to the

insurance status. This may be due to the fact that some of those variables are used

for either calculating the score of the running variable (SISBEN score) or because

they determine directly the insurance status in some cases (like being an employee

or unemployed). Here, the members of the households belonging to the Contribu-

tive Regime seem to have around three more years of education (12.08 years) when

compared with the members of the households belonging to the Subsidized Regime

(8.93 years). The members belonging to the uninsured households are in the middle
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between the last two (9.8 years of education). The same pattern is present in the

average per-capita income divided by the poverty line as the households belonging to

the Subsidized Regime have a much lower income on average when compared with

households in the Contributive Regime (0.81 for the SR versus 1.41 for the SR). In

the same direction, the household per capita income of the uninsured households are

in the middle between the last two (0.91). In respect to the occupation status, 67%

of members of the households belonging to the CR are wage earners, while 79% of the

members of the households belonging to the SR are self-employees. Finally, 67% of

the members belonging to households in the CR are employed, while this percentage

decreases to 55% among members of households belonging to the SR. Similarly, the

unemployment rate tends to be higher among members of households belonging to

the SR.
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Finally, figure 4 and appendix 4A and 4B try to identify the existence of ma-

nipulation in the running variable (the SISBEN score) for the three phases of the

SISBEN. Camacho and Conover (2011) have documented well the existence of ma-

nipulation of the SISBEN score phase I, as both, households and local authorities

had the incentives to include more households on the subsidized health regime plus

the fact that the algorithm to calculate the SISBEN phase I score was released to

the public, allowing them to manipulate certain variables in order to be included in

the subsidized health regime. What the authors found is a strong accumulation of

observations just before the cuttoff point where the households are eligible for the

subsidized regime, and a huge fall in the number of observations just after such point.

They use administrative data of the SISBEN score. Figure 4 shows the histogram

and kernel density estimates for the SISBEN scores on its three different phases for

the urban areas. The top left graph on figure 4 shows the density for the SISBEN

phase I. Here, the density of the score shows a certain anomaly before the centred

cutting point of zero. The kernel density estimates have a flat zone, while the his-

togram presents a spike just before zero. The top left graph shows the density of

the SISBEN score phase II. Here the kernel estimate is much flatter respect to the

SISBEN I score, and there is a peak around the zero threshold. Here, it is not clear

whether there is evidence of manipulation on this version of the SISBEN, as the peak

is before and after zero. The same is true for the SISBEN III, where the evidence of

such an anomaly is even lower.

Appendix 4A repeat the same exercise for rural areas, and it appears to show

less evidence for the manipulation of the SISBEN score, even for the SISBEN score

phase I. In any case, only 4.7% of the individuals in the database report having

the SISBEN score phase I as the current SISBEN score in 2013, while 58.8% of the

individuals are part of the SISBEN score phase II and 36% report having as valid

score, the SISBEN phase III. Appendix 4B show the running variable manipulation

test developed by Cattaneo et.al (2017) and implemented by Cattaneo et.al (2018).

The density graphs of the running variable indicate that there is some evidence of

SISBEN score manipulation for the SISBEN I and III for the urban areas. To confirm

this, the corresponding statistical test was conducted. Under the null hypothesis of

said test, there is no manipulation in the running variable. The corresponding p-

values in the urban areas are 0.0027 for the SISBEN I, 0.32 for the SISBEN II and

0.88 for the SISBEN III.
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This implies that in case of having any manipulation of the SISBEN score, it

would be driven by the SISBEN phase I, which represent only a small fraction of the

sample and therefore can be ignored safely. As a robustness check for our econometric

results, the models were also run ignoring individuals who are part of the SISBEN

phase I score, and the results remain unchanged.
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5.2 Empirical predictions of the effect of different types of

health insurance

Health condition variables are the output on the health production function, while

the preventive and curative services work as inputs in that production function.

Such inputs in turn depend on the type of insurance the individual has in terms of

quality and reach, so they should be analysed through their particular effect among

CR, SR and uninsured status. Medical care use variables can be affected throught

preventive services and curative services. For the preventive services, they are free

in the CR, SR and even for the uninsured individuals. At first sight there should be

no difference in the use of preventive healthcare services from the demand side, while

the individuals on the SR may have less incentives to use the preventive services, as

the curative services are free for them. For the curative health services the SR has

a reduced price compared with the CR and the uninsured individuals which should

increase their use on the SR. In any case, the uninsured individuals pay the more

expensive curative healthcare services, so I expect a lower use of curative services on

this population.

One of the main purposes of the health insurance is to protect households against

the medical care cost associated with unexpected illness. In that sense, the individ-

uals on the SR and CR are expected to have lower out of pocket medical expenses

per episode of illness in comparison with those expenses for the uninsured individu-

als. Pointing towards the same direction, all of the other household expenses of the

insured households should suffer less when confronting an unexpected illness. The

behavioural distortions may be triggered indirectly by the prices faced by the indi-

viduals according to the health insurance type they have. For instance, uninsured

individuals may have more incentives for following a healthy style of life as they face

higher prices for the curative healthcare services, while individuals on the SR would

have less incentives for having such healthy life style.
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5.3 Results

This section presents the results of the econometric models for evaluating the effect

of the different types of health insurance on various response variables. This is

done using the Fuzzy Regression Discontinuity method combined with instrumental

variables in a 2SLS setting as explained in section 5.

In the first stage, a regression of the treatment variable (either belonging to

the Subsidized Regime, Contributive Regime or being uninsured) is run using as

exogenous variable the SISBEN score. Then, in the second stage, and assuming

that the assignation on any of the treatments is random in a vicinity around the

zero threshold of the centred SISBEN score, a regression of the response variable

(for instance health status variable) on the prediction of the health insurance status

variable in the first stage is run. Previous works have used as treatment group the

individuals belonging to the Subsidized Health Regime and as control groups any

other health insurance alternative (belonging to the Contributive Regime or being

uninsured) (see Camacho and Conover, 2013 and Miller, et. al, 2013). Here I run the

models for the three possible treatments using as controls the other two insurance

types.

In other words, in this paper, when evaluating the Subsidized Regime I use as

control group a combination of the Contributive Regime and uninsured individuals.

When evaluating the Contributive Regime, I use as control group a combination of the

individuals belonging to the Subsidized Regime and those who are uninsured. Finally,

when evaluating the uninsured group as treatment the control group is composed by

a combination of the Contributive and Subsidized Regimes. Tables 3 to 6 present

the results of such econometric models

Columns 1 and 2 of tables 3 to 6 show the results of the fuzzy regression dis-

continuity model for the Subsidized Regime as treatment. Column 1 present the

conventional Fuzzy Regression Discontinuity estimators with the conventional stan-

dard error, while column 2 presents the bias-corrected Fuzzy Regression Discontinuity

estimates with standard error estimators that are asymptotically robust as explained

in section 5.1. Columns 3 and 4 repeat the same procedure, but using as treatment

the Contributive Regime, while columns 5 and 6 do the same using as treatment
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group the uninsured individuals. Column 7 shows the number of observations.

It is important to note that the SISBEN score was only asked as a retrospective

question in 2013 when people was inquired about the score and the year when the

last SISBEN interview was conducted to the household. With this information I can

assume with precision which version of the SISBEN score the household has (I, II or

III) for the years before 2013. For the year 2016 I assume that the SISBEN score

is the same than in 2013. This assumption, despite being strong, do not alter the

results importantly.

In general, the results show that there are no significant differences in any of

the response variables evaluated here between the Subsidized Health Regime, the

Contributive Health Regime or being uninsured. This result contradicts the findings

of Camacho and Conover (2013) and Miller et. al (2013) who found that up to 2005

still existed statistical significant differences between being affiliated to the Subsidized

Regime and a control group composed by a combination of households affiliated to

the Contributive Regime and uninsured households. Nevertheless, the results on this

paper go in the direction of one of the goals of the Colombian Ministry of Health,

which was closing the gap in quality, use, and health outputs among the households

affiliated to the Subsidized Regime and those affiliated to the Contributive Regime.

Furthermore, the results in this work confirm the results found by Econometria (2015)

who found equalization of the Contributive and Subsidized Health insurance regimes

in a wide variety of indicators using differences in differences models for the years

2011 and 2013.

5.3.1 Health status

Table 3 presents the results of being affiliated to different insurance regimes on var-

ious health outputs. With respect to the circulatory system diseases, the affiliated

to the Contributive Health Regime seems to have less incidence of circulatory sys-

tem diseases as most of the coefficients for those type of conditions are negative.

Meanwhile, the individuals who are either, affiliated to the Subsidized Regime or

uninsured show a higher incidence of circulatory system diseases. Among the Sub-

sidized Regime affiliates and the uninsured individuals, the former show a higher

incidence of circulatory system diseases. In any case, none of the coefficients are sta-
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tistically different from zero, indicating that from an econometric perspective there

is no significant difference in the incidence of circulatory system diseases among any

of the treatment and control groups.

When considering the incidence of chronic diseases, those individuals affiliated to

the Subsidized and Contributive Health Regimes seem to have a lower incidence of

chronic diseases, while those uninsured have a higher incidence compared with their

respective control group. Again, none of the coefficients are statistically different

from zero, implying that there is no statistical difference among the treatment and

its respective control groups.

The only information the Colombian Longitudinal Survey by Universidad de los

Andes (CLSA) has on infectious diseases is tuberculosis. In this case, the coefficients

for the three insurance groups are very small (practically zero) indicating no difference

in the incidence of such condition between treatment and control groups.

The uninsured individuals show a higher incidence of conditions that affect the

activities of daily living (ADL’s), while those individuals affiliated to the Contributive

Regime show the lowest incidence among the three control groups. Again, none of

the estimated coefficients are statistical different from zero on any combination of

treatment and control groups.

Finally, the results concerning health events during last year are more mixed.

Individuals on the Subsidized Health Regime seem to have a higher incidence of

illness, surgery and pregnancy, while individuals on the Contributive Regime have

more incidence of accidents, and dentistry events according to the robust results.

Uninsured individuals have a higher incidence of surgery. On the other side of the

spectrum individuals affiliated to the Subsidized Regime have the lowest incidence

of unexpected accidents, while the uninsured individuals have the lowest incidence

of unexpected pregnancy and dentistry events. Again, none of the coefficients are

statistically different from zero.
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Table 3. Fuzzy Regression Discontinuity results: Health Status

Subsidized Regime Contributive Regime Uninsured
(1) (2) (3) (4) (5) (6) (7)

VARIABLES Conventional Robust Conventional Robust Conventional Robust Observations
CIRCULATORY SYSTEM DISEASE - 2013 and 2016
Thrombosis -0.319 -0.131 0.149 0.108 0.436 0.374 1783

(0.428) (0.489) (0.168) (0.189) (0.728) (0.809) 1783
Hearth attack 0.143 0.0826 -0.110 -0.101 -0.269 -0.350 1783

(0.089) (0.102) (0.326) (0.374) (0.724) (0.841) 1783
Hearth condition 0.341 0.244 -0.429 -0.310 -1.535 -1.837 1783

(0.302) (0.361) (0.403) (0.466) (2.638) (3.156) 1783
Hypertension (Yes) 2.089 -0.00160 -1.089 -0.704 -4.720 -4.139 1783

(2.665) (3.251) (1.067) (1.209) (7.069) (8.300) 1783
Hypertension (Only during pregnancy) 0.479 1.356 -0.525 -1.436 0.692 0.600 1783

(0.892) (1.106) (1.004) (1.262) (1.133) (1.401) 1783
CHRONIC DISEASE - 2013 and 2016
Asthma -0.662 -0.193 2.104 -1.563 2.206 1.974 1783

(0.627) (0.769) (5.371) (6.496) (3.478) (4.126) 1783
Emphysema -0.0450 0.0176 0.0585 -0.00730 0.366 0.167 1783

(0.121) (0.142) (0.135) (0.155) (0.779) (0.911) 1783
Diabetes (Yes) 0.953 -0.0828 -0.458 -0.389 -2.165 -2.236 1783

(1.395) (1.726) (0.686) (0.778) (3.550) (4.161) 1783
Diabetes (No) -0.481 -0.426 0.644 0.582 2.925 3.280 1783

(0.532) (0.600) (0.764) (0.858) (4.074) (4.795) 1783
Diabetes (Only during pregnancy) -0.935 -3.940 -0.344 -0.235 -0.831 -0.968 1783

(3.380) (4.045) (0.569) (0.668) (1.446) (1.760) 1783
Ulcer -0.135 -0.329 0.0582 0.0659 0.152 0.575 1783

(1.488) (1.710) (0.453) (0.536) (1.494) (1.730) 1783
Epilepsy 0 0.00170 0 -0.00180 -0.241 -0.266 1783

(0.000) (0.003) (0.000) (0.004) (0.358) (0.387) 1783
Cancer 0.0488 0.0354 -0.0507 -0.0374 0.0978 0.0757 1783

(0.059) (0.068) (0.071) (0.082) (0.378) (0.479) 1783
INFECTIOUS DISEASES - 2013 and 2016
Tuberculosis -0.00980 -0.0103 0 -0.00320 0 0.0498 1783

(0.011) (0.015) (0.000) (0.004) (0.000) (0.036) 1783
ACTIVITIES OF DAILY LIVING (ADL) - 2010, 2013 and 2016
Movement difficulties 0.0145 0.0168 -0.0130 -0.0144 -0.550 -0.883 4149

(0.062) (0.074) (0.056) (0.067) (2.156) (2.415) 4149
Showering difficulties -0.00380 -0.00170 -0.00890 -0.00950 0.172 0.189 4149

(0.022) (0.024) (0.017) (0.020) (0.452) (0.493) 4149
Learning disability 0.0204 0.0368 -0.0516 -0.0577 0.133 0.170 4238

(0.039) (0.042) (0.036) (0.038) (0.232) (0.271) 4238
Blindness 0.0805 -0.122 -1.273 54.2819** -0.765 -0.950 4238

(0.101) (0.115) (13.963) (21.414) (3.272) (4.221) 4238
HEALTH EVENT - 2010, 2013 and 2016
Illness -8.198 45.29 -0.0469 -0.0941 -0.0841 0.109 4084

(58.122) (68.746) (0.396) (0.445) (1.165) (1.317) 4084
Accident -0.127 -0.0779 0.0768 0.0714 -0.0727 -0.0447 4084

(0.164) (0.191) (0.091) (0.106) (0.236) (0.278) 4084
Dentistry -1.138 0.0816 0.423 0.261 -1.194 -0.998 4084

(1.541) (1.802) (0.282) (0.339) (0.943) (1.050) 4084
Surgery 0.189 0.0290 -0.0861 -0.0728 0.221 0.171 4084

(0.290) (0.360) (0.098) (0.118) (0.231) (0.270) 4084
Pregnancy -0.0824 0.00350 0.0180 -0.00570 -1.003 -0.924 1449

(0.095) (0.097) (0.020) (0.013) (3.072) (3.436) 1449

Source: Author’s estimations using CLSA for the years 2013 and 2016 or 2010, 2013 and 2016 when indicated.
Note: *Significant at 10%, ** at 5%, *** at 1%,. Standard errors in parentheses. Odd columns present the results for the
conventional estimates with conventional standard errors, while even columns do it for the bias-corrected estimator coupled
with the robust variance estimators. The order of the approximation of the polynomial for estimating the conventional
coefficient is 1, while the order of the approximation for estimating the bias-correction is 2. Triangular kernel is used for the
estimations and a data-driven bandwidth selection method.
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5.3.2 Behavioral distortions

Table 4 present the fuzzy regression discontinuity results for the behavioural distor-

tion variables. Individuals affiliated to the Subsidized Health Regime tend to have a

higher frequency of fruit consumption per week, while uninsured people tend to have

a lower fruit consumption per week when comparing the robust coefficients. None of

the estimated coefficients are statistically different from zero.

Individuals affiliated to the Contributive Regime tend to have a higher frequency

of vegetable consumption, while those in the Subsidized Regime tend to be concen-

trated in either a high frequency consumption or a very low consumption of vegeta-

bles per week. The uninsured individuals tend to consume less vegetables compared

with the insured individuals. Although those results, there is not a clear pattern

in the vegetable consumption among insurance regimes and there are no statistical

differences among any of the treatment and control groups.

With respect to the consumption of fried food, individuals affiliated to the Con-

tributive Regime and uninsured individuals tend to have a higher frequency of con-

sumption of fried food per week, while individuals on the Subsidized Regime tend

to be concentrated in the consumption of fried food in a low frequency. There is no

statistically significant difference among groups.

Finally, the physical activity is evaluated as moderate and strong physical activity

in the last seven days, the number of days during the week and the number of minutes

per day. The uninsured individuals tend to do physical activity less frequently, com-

pared with its control groups, and also spend less time doing such physical activity.

On the other end, individuals affiliated to the Subsidized Regime tend to do more

strong physical exercise during the last week for a longer duration, while people on

the Contributive Regime tend to do moderate exercise more days on the week, with

respect to its controls. None of these results are statistically significant.

39



Table 4. Fuzzy Regression Discontinuity results: Behavioral distortions

Subsidized Regime Contributive Regime Uninsured
(1) (2) (3) (4) (5) (6) (7)

VARIABLES Conventional Robust Conventional Robust Conventional Robust Observations
FRUIT CONSUMPTION - 2013 and 2016
Less than once a week -0.0987 0.0643 0.196 0.0237 0.986 0.465 1783

(0.307) (0.369) (0.376) (0.430) (1.430) (1.656) 1783
Once a week 0.252 0.115 -0.339 -0.124 -0.746 -0.595 1783

(0.412) (0.500) (0.589) (0.704) (1.889) (2.254) 1783
2-4 times a week -0.0783 0.153 0.00660 -0.110 0.976 -0.300 1783

(0.494) (0.592) (0.582) (0.650) (2.841) (3.437) 1783
5-6 times a week 0.366 0.128 -0.558 -0.106 -1.766 -1.339 1783

(0.484) (0.575) (0.801) (0.954) (2.899) (3.489) 1783
Daily -0.705 -0.702 1.146 0.906 3.351 5.160 1783

(0.607) (0.653) (1.389) (1.667) (5.056) (6.111) 1783
More than once a day 1.386 0.303 -0.672 -0.648 -2.643 -3.118 1783

(2.314) (2.847) (0.842) (0.929) (4.287) (4.951) 1783
VEGETABLE CONSUMPTION - 2013 and 2016
Less than once a week 0.256 0.252 -0.345 -0.302 -1.499 -2.078 1783

(0.232) (0.265) (0.349) (0.393) (2.261) (2.669) 1783
2-4 times a week -0.321 0.488 -1.203 -2.062 0.607 -0.782 1783

(1.104) (1.363) (2.039) (2.386) (3.210) (3.872) 1783
5-6 times a week -0.414 -0.322 4.038 -11.58 2.058 2.127 1783

(0.534) (0.624) (19.747) (24.318) (3.538) (4.291) 1783
Daily -3.865 -12.18 -0.0240 0.124 -3.244 -3.062 1783

(8.937) (10.754) (0.950) (1.094) (5.463) (6.378) 1783
More than once a day 0.777 0.186 -2.795 2.077 -2.326 -1.736 1783

(0.887) (1.086) (8.966) (10.418) (3.784) (4.547) 1783
FRIED FOOD CONSUMPTION - 2013
Less than once a month 0.318 0.169 -0.365 -0.00660 -1.322 -1.160 1547

(0.288) (0.332) (0.395) (0.467) (2.273) (2.662) 1547
Once a month -0.432 -0.392 0.565 0.408 2.035 2.657 1547

(0.446) (0.504) (0.749) (0.877) (3.339) (3.805) 1547
2-3 times a month -0.652 -0.632 0.629 0.591 2.697 3.187 1547

(0.535) (0.604) (0.513) (0.556) (4.158) (4.604) 1547
Twice a week 1.839 1.375 -4.676 -1.534 -7.987 -11.27 1547

(1.487) (1.727) (13.431) (14.892) (12.858) (15.098) 1547
3-4 times a week 0.128 0.0543 -0.149 -0.0421 -2.281 -2.013 1547

(0.718) (0.827) (0.901) (1.039) (4.260) (5.117) 1547
5-6 times a week 0.199 0.185 -0.317 -0.293 -0.690 -0.795 1547

(0.340) (0.390) (0.612) (0.692) (1.666) (1.956) 1547
Daily -1.247 -0.907 2.153 0.500 5.498 5.896 1547

(0.974) (1.107) (2.405) (2.889) (9.270) (10.962) 1547
Twice a day -0.351 -0.194 0.452 0.170 0.665 0.814 1547

(0.394) (0.479) (0.592) (0.718) (1.165) (1.381) 1547
Three or more a day 0.0740 0.172 0.104 -0.0533 0.178 0.162 1547

(0.092) (0.114) (0.348) (0.393) (0.298) (0.334) 1547
PHYSICAL ACTIVITY - 2013 and 2016
Moderate: Yes in the last 7 days -0.106 -0.121 0.0940 0.120 -0.696 -0.495 1783

(0.247) (0.287) (0.360) (0.435) (1.741) (2.020) 1783
Moderate: Number of days in the last 7 days 0.466 0.626 5.439 36.32 -1.838 -2.218 1783

(2.844) (3.488) (43.924) (52.910) (6.510) (7.975) 1783
Moderate: Minutes per day 14.38 5.247 -29.03 -2.959 -89.09 -78.47 1778

(43.039) (50.635) (76.234) (90.948) (192.353) (222.012) 1778
Strong: Yes in the last 7 days 0.210 0.165 -0.436 -0.299 -1.963 -1.961 1783

(0.157) (0.180) (0.376) (0.436) (2.876) (3.394) 1783
Strong: Number of days in the last 7 days 0.166 0.175 -0.279 -0.265 -1.144 -1.425 1783

(0.129) (0.156) (0.329) (0.416) (1.920) (2.311) 1783
Strong: Minutes per day 49.82 20.69 -87.72 -33.05 -342.0 -357.2 1777

(44.883) (54.581) (84.765) (103.228) (531.586) (646.720) 1777

Source: Author’s estimations using CLSA for the years 2013 or 2013 and 2016 when indicated.
Note: *Significant at 10%, ** at 5%, *** at 1%,. Standard errors in parentheses. Odd columns present the results for the
conventional estimates with conventional standard errors, while even columns do it for the bias-corrected estimator coupled
with the robust variance estimators. The order of the approximation of the polynomial for estimating the conventional
coefficient is 1, while the order of the approximation for estimating the bias-correction is 2. Triangular kernel is used for the
estimations and a data-driven bandwidth selection method.

40



5.3.3 Medical Care Use

As with the other variables, there is no clear pattern for which individuals use more

the preventive medicine services according to the insurance type. In particular, in-

dividuals affiliated to the Subsidized Regime tend to have less hospitalizations in

the last 12 months and tend to use less contraceptives, less use of dentistry and op-

tometrist services. Individuals affiliated to the Contributive Regime tend to go more

to the dentist and been hospitalized in the last 12 months. The uninsured individu-

als tend to visit the doctor more, but use all the other services less. The subsidized

regime affiliates use less contraceptives. Again, none of the results are statistically

different from zero implying that there is no differences among the treatment and

control groups.

41



Table 5. Fuzzy Regression Discontinuity results: Medical Care Use

Subsidized Regime Contributive Regime Uninsured
(1) (2) (3) (4) (5) (6) (7)

VARIABLES Conventional Robust Conventional Robust Conventional Robust Observations
MEDICAL CARE USE - 2010, 2013 and 2016
Hospitalized in the last 12 months -0.762 -0.463 0.500 0.265 -1.054 -1.025 4084

(0.810) (0.920) (0.451) (0.544) (0.966) (1.058) 4084
Doctor 0.490 0.263 -0.166 -0.0770 0.829 0.514 4084

(0.819) (0.905) (0.434) (0.478) (1.431) (1.594) 4084
Dentist -0.971 -0.888 0.708 0.625 -1.929 -1.816 4084

(0.926) (1.006) (0.600) (0.684) (1.720) (1.884) 4084
Optometrist -0.995 -1.822 -0.331 -0.0221 -0.129 -0.317 4084

(1.998) (2.374) (0.809) (0.938) (1.105) (1.219) 4084
Alternative Medicine 0.810 2.242 0.121 0.0834 -0.320 -0.297 4084

(1.944) (2.310) (0.105) (0.124) (0.281) (0.319) 4084
Contraceptive -0.828 0.769 0.270 0.0672 -0.491 -0.428 2636

(2.217) (2.634) (0.506) (0.597) (0.979) (1.118) 2636
Other -0.0806 -0.0558 0.0987 0.0591 0.572 0.371 2968

(0.239) (0.279) (0.283) (0.329) (2.091) (2.404) 2968

Source: Author’s estimations using CLSA for the years 2010, 2013 and 2016 when indicated.
Note: *Significant at 10%, ** at 5%, *** at 1%,. Standard errors in parentheses. Odd columns present the results for the
conventional estimates with conventional standard errors, while even columns do it for the bias-corrected estimator coupled
with the robust variance estimators. The order of the approximation of the polynomial for estimating the conventional
coefficient is 1, while the order of the approximation for estimating the bias-correction is 2. Triangular kernel is used for the
estimations and a data-driven bandwidth selection method.
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5.3.4 Risk Protection and Consumption Smoothing

Table 6 show the results for the variables in the category risk protection and con-

sumption smoothing. This includes the household monthly expenditure, household

food expenditure and household annual expenditure. There is no a statistically sig-

nificant effect on any of the response variables studied here due to any of the health

insurance regimes. Nevertheless, in this case, such effect has the expected sign. If

the Subsidized Health Regime works as a way for protecting households from finan-

cial risk generated from health shocks, it should increase the monthly expenditures

in non-health items. In respect to the food expenditure the estimated coefficient

has the contrary sign than expected: households belonging to the Subsidized Health

Regime present a decrease in their food expenditure. Finally, for the out of pocket

health annual expenditure, the estimation presents a negative sign for households in

the Subsidized Health Regime making evident that the Subsidized Regime is fulfilling

the task of insuring the poorest people against the financial risk of health shocks.

None of the other variables have any particular effect according to the insurance

type.

43



Table 6: Fuzzy Regression Discontinuity results: Risk Protection and Consumption Smooth-
ing

Subsidized Regime Contributive Regime Uninsured
(1) (2) (3) (4) (5) (6) (7)

VARIABLES Conventional Robust Conventional Robust Conventional Robust Observations
RISK PROTECTION AND CONSUMPTION SMOOTHING - 2010, 2013 and 2016
Log Household total monthly expenditure 0.150 0.0473 -0.174 -0.111 2.898 1.582 5089

(0.352) (0.387) (0.225) (0.244) (3.171) (3.631) 5089
Log Household food monthly expenditure -0.0484 -0.0955 -0.00310 -0.0115 -0.212 -0.830 5089

(0.410) (0.443) (0.299) (0.327) (1.980) (2.270) 5089
Log Household health annual expenditure -4.117 -2.385 4.105 2.497 -68.04 -54.01 629

(2.589) (3.200) (3.265) (3.898) (208.378) (267.621) 629

Source: Author’s estimations using CLSA for the years 2010, 2013 and 2016 or 2013 and 2016 when indicated.
Note: *Significant at 10%, ** at 5%, *** at 1%,. Standard errors in parentheses. Odd columns present the results for the
conventional estimates with conventional standard errors, while even columns do it for the bias-corrected estimator coupled
with the robust variance estimators. The order of the approximation of the polynomial for estimating the conventional
coefficient is 1, while the order of the approximation for estimating the bias-correction is 2. Triangular kernel is used for the
estimations and a data-driven bandwidth selection method.
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In general, this results support the hypothesis of the equalization of the Subsidized

and Contributive Health Regime, after the government started to equalize the Manda-

tory Health Plans in 2009. This can be said for all the set of variables studied here:

health status, behavioural distortions, medical care use and risk protection and con-

sumption smoothing. This result implies that after more than 20 years of the im-

plementation of the Subsidized Health Regime the users of such insurance type (the

more vulnerable people) enjoy the same health status, medical care use and risk pro-

tection against illness compare to those individuals in the Contributive Regime. At

a first glance such result may seem promising as a support for the claim that both,

the Subsidized and Contributive Health Regime have reached an equally good status

in terms of insurance against health shocks for their respective users. Nevertheless

recent scandals among insurance companies belonging to the Contributive Health

Regime (Saludcoop, Medimas) concerning the mismanage of the funds collected by

them, jointly with the lack of payment from the insurance companies to the health-

care providers, and an increasing number of complains from the users regarding the

quality of the healthcare service, decreases the likelihood of such hypothesis being

true. If those cases of mismanage of the funds on the private insurance companies

are true, it would not be clear if the result on this paper is due to an improvement in

the quality and coverage of the Subsidized Health Regime, a decrease on the quality

of the Contributive Health Regime or a combination of both. It is important also to

note that there is no significant difference between being insured by any of the two

health insurance regimes and being uninsured. This may be due to the fact that ba-

sic medical attention and emergency room services are warranted to the population

irrespectively of their health insurance status.

Additionally, it should be pointed out the relatively small sample I am dealing

with in this paper, which leads to very imprecise estimations and may result on the

increase of the type II error, specially for the uninsured individuals.

Another possible explanation for the lack of significance of the results in this paper

is the size shrinkage of the uninsured group. As previously mentioned Camacho and

Conover (2013) and Miller et. al (2013) found a significant difference in various

response variables between being insured through the Subsidized Health Regime and

a control group that mixes Contributive Regime Affiliates and uninsured population.

Indeed the uninsured population in Miller et. al (2013) represents 38% of the sample
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and 25% in Camacho and Conover (2013) while in this study it only represents

5%. This characteristic, jointly with the fact that those studies use data for the

period 1998-2005, before reaching universal coverage of the healthcare system, when

uninsured population still had no entitlement to any healthcare service in practice,

make this hypothesis plausible. If this is the case, most of the significant effect of

the Subsidized Health Regime in those papers would come from the change in the

uninsured status at the threshold when uninsured individuals become eligible to the

Subsidized Health Regime. Moreover, when testing the existence of a jump in the

affiliation to the Subsidized Health Regime status at the designated SISBEN score

threshold, Camacho and Conover (2013) found that said jump exists, but it does not

exist when testing its existence on the Contributive Health Regime affiliation status.

To further explore the econometric results and its lack of significance, I graph

the estimated coefficients and its respective 95% confidence interval in the figures 5

to 8. The purpose is to understand whether the lack of significant results is mainly

due to imprecise estimates or the effect of the scale of the variables. On the one

hand, if the lack of significance is due to high variability on the data, the confidence

intervals on the coefficients will be wide irrespectively of the scale of the coefficient

and will include the zero in every case, usually due to the amplitude of the interval.

This imprecise estimates may be due to a small sample for some of the categories of

the variables on some of the insurance regimes. On the other hand, if the confidence

intervals are small, but the coefficients are also small and the interval includes the

zero it may be interpreted as the treatment variable (SR, CR and uninsured status)

having some effect on the response variables (Yi) that is small, depending on how

close to the center of the interval the zero is. In this case the graphs were done

using standardized data (susbstracting the mean of each variable and dividing by

the corresponding standard deviation) for the SISBEN score, treatment variable and

response variable. Following this procedure the size of the estimated coefficients is

comparable and it is possible to draw conclusions on which variables do the health

insurance regime have more effect.

When using standardized data, the coefficient obtained is called standardized

coefficient. It allows to compare the scale of the coefficient among regressor (in the

multiple regression case), or models in this case, as long as all the involved variables

are standardized. The higher the value of the coefficient estimated, the “stronger”
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the effect on the response variable. The reason why the effect on the response variable

is comparable among standardized variables is that this process eliminates the scale

of the variables allowing to interpret them as changes in standard deviations of the

variables. For instance, in this case the uninsured status has a coefficient of 1.2 on the

incidence of thrombosis. This means that for each standard deviation of increase in

the uninsured status the incidence of thrombosis increases in 1.2 standard deviations.

The figure 5 shows the graph of the standardized coefficients for the health status

variables, Yi, and the three possible treatmentsWi,j = 1 with j ∈ {CR, SR,Uninsured}.
In this case all of the variables are precisely measured when dealing with the unin-

sured individuals, except the absence of diabetes and blindness. For the other vari-

ables these intervals indicate that the treatment may still have some effect on the

response variables, but that it may just very small. For the Contributive Regime, the

results for the diabetes status and hypertension may be attributed to the imprecise

estimates as can be deducted from the wide interval. Same conclusion can be drawn

for the variables hypertension, dentistry and surgery in the Subsidized Regime. The

figure 6 repeats the exercise for the behavioural distortion variables. In this case

most of the variables are precisely measured and include the zero in the confidence

interval, with the exception of the variables related to fried food consumption for the

uninsured which have wide intervals.

Figure 7 shows the same graph for medical care use variables. Most of the vari-

ables have a medium level of confidence intervals for the three regimes, while only the

variables hospitalized in the last 12 months and visit to the optometrist for house-

holds in the Subsidized Regime and other for the uninsured individuals present a

wide confidence interval. Figure 8 repeats the exercise for the risk protection and

smoothing consumption variables. In this case only the household health annual

expenditure shows wide intervals for the uninsured individuals.

Regarding the interpretation of the coefficients, lets focus as an example in the

effect of the subsidized regime on health status variables. In this case, the Subsidized

Health regime has the strongest positive effect on the incidence of surgery, followed

by hearth condition and blindness. On the other end, the Subsidized Health regime

has the more negative strongest effect on illness, dentistry events and hypertension

during pregnancy. Across health insurance status, being uninsured have the strongest
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effect across al variables when compared with individuals belonging to any of the two

forms of insurance.

From this exercise it is clear that there are some variables for which the treatment

does not present a significant effect due to high variability in the data, but for most

of them the confidence intervals are small and therefore they estimate with precision

the coefficients. This implies that either the effect of the treatments are truly zero

or that the effect is very small.

The results on this paper contradicts the previous literature, as most of them

find a statistically significant effect among SR and its respective control group in at

least some response variables, which usually include some of the same variables in

this study or a different proxy to measure the same latent variable. As explained

before this may be due to the equalization and reaching universal health coverage in

Colombia after 2009, as all of such studies use data before 2010.

Finally, using standardized variables allows to compare the scale of the response

of different endogenous variables to the treatment variable. On the one hand, the

Subsidized Health Insurance Regime has the biggest positive impacts in the incidence

of hypertension, diabetes during pregnancy, surgery, consumption of fried food less

than once a month and visits to the doctor. On the other hand the same health

insurance regime has the more negative impacts in incidence of illness, visits to the

dentistry, daily consumption of fried food, hospitalizations in the last 12 months and

the use of alternative medicines. In respect to the Contributive Health insurance sta-

tus, the most positive effects are on the incidence of hypertension during pregnancy,

asthma, an increase in the consumption of fried food 2-3 times per month and daily

and an increase in the health annual expenditure. The more negative effects are on

illness, dentistry events, consumption of vegetables in high frequency and a decrease

in low frequency fried food consumption. Being uninsured present a positive effect

in the incidence of hypertension during pregnancy (the highest among the insurance

regimes), the highest incidence of asthma, highest vegetable consumption on a high

frequency and highest consumption of fried food on low and high frequencies. How-

ever, none of the results are statistically significant as all of the confidence intervals

contain the zero.
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Figure 5: Estimated coefficient and 95% confidence interval: Health status variables.

Source: Author’s estimations using CLSA for the years 2013 and 2016 or 2010, 2013 and 2016 when indicated.
Note: 1/ Conventional estimates with conventional standard errors. 2/ The order of the approximation of the
polynomial for estimating the conventional coefficient is 1. 3/ Triangular kernel is used for the estimations and a

data-driven bandwidth selection method. 4/ Standardized variables using M∗
i = Mi−Mi

SDMi
where Mi corresponds

to the response variable, the treatment variable and the running variable.
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Figure 6: Estimated coefficient and 95% confidence interval: Behavioural distortion variables

Source: Author’s estimations using CLSA for the years 2013 or 2013 and 2016 when indicated.
Note: 1/ Conventional estimates with conventional standard errors. 2/ The order of the approximation of the polynomial
for estimating the conventional coefficient is 1. 3/ Triangular kernel is used for the estimations and a data-driven bandwidth

selection method. 4/ Standardized variables using M∗
i = Mi−Mi

SDMi
where Mi corresponds to the response variable, the treatment

variable and the running variable.
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Figure 7: Estimated coefficient and 95% confidence interval: Medical care use variables

Source: Author’s estimations using CLSA for the years 2010, 2013 and 2016 when indicated.
Note: 1/ Conventional estimates with conventional standard errors. 2/ The order of the approximation of the polynomial
for estimating the conventional coefficient is 1. 3/ Triangular kernel is used for the estimations and a data-driven bandwidth

selection method. 4/ Standardized variables using M∗
i = Mi−Mi

SDMi
where Mi corresponds to the response variable, the treatment

variable and the running variable.
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Figure 8: Estimated coefficient and 95% confidence interval: Risk protection and Consumption smoothing
variables

Source: Author’s estimations using CLSA for the years 2010, 2013 and 2016 or 2013 and 2016 when indicated.
Note: 1/ Conventional estimates with conventional standard errors. 2/ The order of the approximation of the polynomial
for estimating the conventional coefficient is 1. 3/ Triangular kernel is used for the estimations and a data-driven bandwidth

selection method. 4/ Standardized variables using M∗
i = Mi−Mi

SDMi
where Mi corresponds to the response variable, the treatment

variable and the running variable.
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5.4 Robustness checks

To verify the stability of the results numerous robustness checks were conducted. Be-

sides trying different specification methods for the bandwidth selection as described

previously, also different kernel functions were used to construct the local-polynomial

estimator. The main results shown here used an Epanechnikov kernel, but the esti-

mations were also made using Uniform and Triangular Kernel functions. In none of

the cases the results change much. The local polynomial used to construct the point

estimator in the main results shown here is of the first degree, but also other degrees

of approximation were estimated. In particular second and fourth degree. The re-

sults show a statistically significant jump in the treatment variables when the linear

approximation is used. Nevertheless, the existence of such a jump is not statistically

clear when higher polynomial orders are used to approximate the fit of the first stage

estimation.

One of the main concerns is that assuming the SISBEN score in 2016 being the

same than in the last year reported before 2013 may induce measurement error in the

running variable. To test the effect of this, the models were run only for the cohorts

2010 and 2013 and including only the persons who declare directly the insurance

affiliation status and report their own response variables (head of the household

and partner mainly). This greatly reduces the sample to 1573 observations for the

variables with most observations and 554 for the variables with less observations.

Although this, the lack of significance of the health insurance status on the response

variables remains the same.

For the variables in the database which are available in the two initial years

(2010 and 2013) -mainly some health status variables, medical care use variables, and

expenditure variables-, the models were run for each year separately. The results in

terms of significance and sign of the effects are the same in both years. Additionally, a

method for correcting the p-values on the sense proposed by Bonferroni was applied.

This is due to the fact that the estimations made here for the combination of the

three possible treatment groups can be seen as sequentially applied using the same

data, but changing the treatment and control status of the observations. In general,

the result are the same. None of the treatments have any effect on the response

variables, and such effect remains the same after applying the Benjamini and Liu,

53



1999a correction for simultaneous tests as shown in appendix 5A and 5B.

All of this set of results are available on request.

Finally, figure 3 indicates that when considering the three insurance status to-

gether, the jump in the affiliation to the Subsidized Health Regime is associated with

a jump in the affiliation to the Contributive Health Regime given that the unin-

sured status present no jump at the eligibility threshold. This may be interpreted

as evidence in favour of the hypothesis that all the identification in the model comes

only from the type of insurance (Contributive vs Subsidized Health Regime) and not

from the uninsured individuals. To test this, the Figure 3, and tables 3 to 6 were

repeated but in this case dropping the uninsured individuals. Appendix 6 shows

the discontinuity identification exercise, only among insured individuals. The jump

in the affiliation status to the Subsidized Health Regime still exists, however it is

smaller. While the jump in the affiliation status to the Subsidized Health regime at

the eligibility threshold here is around 10%, it is of around 15% in figure 3. Further-

more, all the models were re-estimated ignoring the uninsured individuals. Appendix

7A to 7D show this results. Again, the results are the same: there is no difference in

any of the response variables according to the type of insurance the individuals have.

Therefore a model considering only the Subsidized Health Regime and the Con-

tributive Health Regime do not seem viable as it would ignore an important portion

of the jump in the identification strategy and would generate selection bias in the

sample. This work in particular follows the approximation of Camacho and Conover

(2013) and Miller et al. (2013) preferring to have heterogeneous control groups

instead of generating selection bias in the sample when ignoring the uninsured indi-

viduals.

6. Conclusions and outlook

This paper evaluates the effect of different health insurance types in Colombia over a

wide set of variables grouped in health status, behavioural distortions, medical care

use and risk protection and consumption smoothing. This is the first paper to model

the existence of three health insurance statuses in Colombia: individuals belonging
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to the Subsidized Health Regime, individuals on the Contributive Health Regime and

Uninsured Population.

For evaluating the particular effect among the health insurance type, I used data

from the Colombian Longitudinal Survey by Universidad de los Andes for the years

2010, 2013 and 2016, while the econometric methodology used is a Fuzzy Regression

Discontinuity Design.

The necessary assumptions were tested. In urban and rural areas there is min-

imal evidence of manipulation of the running variable, and there is balance in the

pretreatment and exogenous variables among the treatment and control groups. Nev-

ertheless, only in urban areas there is a jump in the treatment variable as function of

the running variable, showing the appropriateness of the use of the Fuzzy Regression

discontinuity design in urban areas. In the rural areas, there is no jump in the prob-

ability of receiving the treatment invalidating completely any analysis made trough

Fuzzy Regression Discontinuity design in such areas. This implies that the results in

this paper can only be extrapolated to the urban areas in Colombia.

Early works on the topic in urban Colombia, have found that there were significant

differences between the Subsidized and Contributive Health Regimes, previous to the

equalization of the Mandatory Health Plans in 2009, and, the reach of the universal

healthcare coverage in the same year. This paper finds that after 2010 there seems to

be no significant difference among the three possible health regimes: the Subsidized,

the Contributive and the uninsured in the variables related to health status, medical

care use, risk protection against illness and behavioural distortions. This may be due

to the equalization of the Mandatory Health Plans in 2009 and the compulsory basic

medical attention and emergency room services for uninsured population jointly with

reaching universal coverage of the general health insurance system.

This result may also be due to an improvement on the Subsidized Health Regime,

a deterioration of the Contributive Health Regime or a combination of both. The rea-

son for this equalization is still to be explored. Nevertheless, not finding a significant

difference among being uninsured and having any kind of insurance is a surprising

result. This result may be due first, to not having effectively a different effect be-

tween having an insurance or not having it. Second, having a huge variation on the

data which would lead to the imprecise measurement of the effect of the treatment
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on the response variables. Third, the effect may exist but be very small. In some

cases, it was found that the number of observations for certain insurance groups was

very small, leading to wide confidence intervals and very imprecise estimated effects,

while in most of the cases the conclusion is that either, the effect of the treatment in

the response variables is very small, or it is definitely not significant.

For mitigating the imprecision of the estimations a bigger sample is required. For

this, it would be ideal to have access to the official registry of the SISBEN scores

matched with data of use of healthcare services from the Health Ministry at national

level.

7.
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Appendix 7A. Fuzzy Regression Discontinuity results: Health Status for Insured population

Subsidized Regime Contributive Regime
(1) (2) (3) (4) (5)

VARIABLES Conventional Robust Conventional Robust Observations
CIRCULATORY SYSTEM DISEASE - 2013 and 2016
Thrombosis 5.960 59.43 0.280 0.195 1708

(113.552) (128.501) (0.347) (0.385) 1708
Hearth attack 0.0266 0.0292 -0.00910 -0.0192 1708

(0.092) (0.104) (0.100) (0.114) 1708
Hearth condition 0.425 0.239 -0.415 -0.284 1708

(0.410) (0.494) (0.363) (0.424) 1708
Hypertension (Yes) 2.970 -1.279 -1.013 -0.714 1708

(5.292) (6.455) (0.958) (1.090) 1708
Hypertension (Only during pregnancy) 0.291 0.639 -0.274 -0.601 1708

(0.398) (0.495) (0.365) (0.458) 1708
CHRONIC DISEASE - 2013 and 2016
Asthma -1.176 0.0445 1.185 -0.0596 1708

(1.619) (1.977) (1.643) (2.007) 1708
Emphysema 0.0407 0.0616 -0.0407 -0.0616 1708

(0.124) (0.144) (0.124) (0.143) 1708
Diabetes (Yes) 2.157 -3.267 -0.370 -0.283 1708

(5.993) (7.432) (0.584) (0.668) 1708
Diabetes (No) -0.548 -0.478 0.497 0.451 1708

(0.645) (0.730) (0.615) (0.684) 1708
Diabetes (Only during pregnancy) -0.467 -1.302 1.064 3.995 1708

(0.947) (1.150) (4.000) (4.669) 1708
Ulcer 0.0405 -0.102 -0.0474 0.130 1708

(0.548) (0.644) (0.624) (0.737) 1708
Epilepsy 0 0.00170 0 -0.00170 1708

(0.000) (0.004) (0.000) (0.004) 1708
Cancer 0.0736 0.0526 -0.0696 -0.0503 1708

(0.073) (0.083) (0.072) (0.081) 1708
INFECTIOUS DISEASES - 2013 and 2016
Tuberculosis -0.0101 -0.00560 0.00780 0.00460 1708

(0.011) (0.015) (0.009) (0.012) 1708
ACTIVITIES OF DAILY LIVING (ADL) - 2010, 2013 and 2016
Movement difficulties 0.00340 -0.000100 -0.000800 0.00140 3945

(0.061) (0.073) (0.055) (0.065) 3945
HEALTH EVENT - 2010, 2013 and 2016
Illness -0.772 0.0314 0.192 0.0321 3845

(0.840) (0.991) (0.543) (0.615) 3845
Accident -0.0879 -0.0784 0.0894 0.0789 3845

(0.108) (0.126) (0.110) (0.128) 3845
Dentistry -0.443 -0.257 0.486 0.224 3845

(0.363) (0.426) (0.412) (0.493) 3845
Surgery 0 0.00190 0 -0.00200 3845

(0.000) (0.002) (0.000) (0.002) 3845
Pregnancy -0.166 0.141 0.186 -0.279 1382

(0.226) (0.306) (0.268) (0.390) 1382

Source: Author’s estimations using CLSA for the years 2013 and 2016 or 2010, 2013 and 2016 when indicated.
Note: *Significant at 10%, ** at 5%, *** at 1%,. Standard errors in parentheses. Odd columns present the results for the
conventional estimates with conventional standard errors, while even columns do it for the bias-corrected estimator coupled
with the robust variance estimators. The order of the approximation of the polynomial for estimating the conventional
coefficient is 1, while the order of the approximation for estimating the bias-correction is 2. Triangular kernel is used for the
estimations and a data-driven bandwidth selection method.
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Appendix 7B. Fuzzy Regression Discontinuity results: Behavioral distortions for Insured
population

Subsidized Regime Contributive Regime
(1) (2) (3) (4) (5)

VARIABLES Conventional Robust Conventional Robust Observations
FRUIT CONSUMPTION - 2013 and 2016
Less than once a week 0.0536 0.117 -0.0471 -0.110 1708

(0.227) (0.263) (0.223) (0.257) 1708
Once a week 0.192 0.0542 -0.192 -0.0519 1708

(0.455) (0.551) (0.456) (0.553) 1708
2-4 times a week -0.0122 0.313 -0.417 -0.424 1708

(0.606) (0.719) (0.458) (0.505) 1708
5-6 times a week 0.417 0.108 -0.447 -0.0890 1708

(0.582) (0.693) (0.615) (0.738) 1708
Daily -0.957 -0.928 1.307 0.954 1708

(0.720) (0.775) (1.167) (1.426) 1708
More than once a day 2.794 -2.416 -0.645 -0.617 1708

(7.928) (9.756) (0.781) (0.866) 1708
VEGETABLE CONSUMPTION - 2013 and 2016
Less than once a week 0.327 0.271 -0.301 -0.270 1708

(0.341) (0.396) (0.293) (0.331) 1708
2-4 times a week 4.499 27.95 0.263 0.134 1708

(30.289) (36.761) (0.961) (1.099) 1708
5-6 times a week -0.400 -0.284 1.273 -0.929 1708

(0.722) (0.860) (2.918) (3.650) 1708
Daily -14.44 -163.3 -0.0226 -0.0665 1708

(185.760) (224.167) (0.856) (0.963) 1708
More than once a day -1.441 -3.911 -4.624 10.28 1708

(2.892) (3.508) (24.559) (28.487) 1708
FRIED FOOD CONSUMPTION - 2013
Less than once a month 0.501 0.0936 -1.476 2.257 1481

(0.942) (1.091) (7.364) (8.710) 1481
Once a month -0.616 -0.521 0.642 0.512 1481

(0.613) (0.691) (0.661) (0.762) 1481
2-3 times a month -0.716 -0.593 0.590 0.551 1481

(0.663) (0.758) (0.463) (0.505) 1481
Twice a week 2.013 1.287 -1.552 -1.438 1481

(2.365) (2.789) (1.240) (1.342) 1481
3-4 times a week 0.142 0.0172 -0.174 -0.0221 1481

(0.862) (0.998) (0.889) (1.036) 1481
5-6 times a week 0.158 0.0827 -0.163 -0.0804 1481

(0.395) (0.458) (0.408) (0.474) 1481
Daily -1.332 -0.816 1.658 0.499 1481

(1.167) (1.342) (1.622) (1.969) 1481
Twice a day -0.261 -0.147 0.259 0.141 1481

(0.358) (0.433) (0.364) (0.442) 1481
Three or more a day 0.0868 0.168 -0.0889 -0.178 1481

(0.113) (0.131) (0.117) (0.136) 1481
PHYSICAL ACTIVITY - 2013 and 2016
Moderate: Yes in the last 7 days -0.194 -0.166 0.201 0.163 1708

(0.299) (0.353) (0.325) (0.390) 1708
Moderate: Number of days in the last 7 days -0.0795 0.511 0.194 -0.367 1708

(2.612) (3.222) (2.245) (2.725) 1708
Moderate: Minutes per day -18.09 -9.552 17.30 10.58 1704

(33.493) (40.737) (32.599) (38.790) 1704
Strong: Yes in the last 7 days 0.183 0.163 -0.212 -0.164 1708

(0.173) (0.196) (0.224) (0.264) 1708
Strong: Number of days in the last 7 days 0.132 0.164 -0.205 -0.228 1708

(0.142) (0.170) (0.242) (0.318) 1708
Strong: Minutes per day 60.52 25.46 -70.60 -19.57 1702

(58.740) (71.105) (66.784) (82.963) 1702

Source: Author’s estimations using CLSA for the years 2013 or 2013 and 2016 when indicated.
Note: *Significant at 10%, ** at 5%, *** at 1%,. Standard errors in parentheses. Odd columns present the results for the
conventional estimates with conventional standard errors, while even columns do it for the bias-corrected estimator coupled
with the robust variance estimators. The order of the approximation of the polynomial for estimating the conventional
coefficient is 1, while the order of the approximation for estimating the bias-correction is 2. Triangular kernel is used for the
estimations and a data-driven bandwidth selection method.
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Appendix 7C. Fuzzy Regression Discontinuity results: Medical Care Use for Insured popu-
lation

Subsidized Regime Contributive Regime
(1) (2) (3) (4) (5)

VARIABLES Conventional Robust Conventional Robust Observations
MEDICAL CARE USE - 2010, 2013 and 2016
Hospitalized in the last 12 months -0.431 -0.338 0.597 0.239 3845

(0.405) (0.458) (0.610) (0.740) 3845
Doctor 0.289 0.175 -0.373 -0.219 3845

(0.527) (0.577) (0.572) (0.632) 3845
Dentist -0.586 -0.566 0.721 0.604 3845

(0.548) (0.592) (0.783) (0.902) 3845
Optometrist 0.243 0.0305 -0.346 0.238 3845

(0.601) (0.665) (0.829) (0.973) 3845
Alternative Medicine 1.260 5.455 -4.163 -43.02 3845

(4.789) (5.684) (48.764) (57.104) 3845
Contraceptive 0.729 1.936 -0.479 -1.134 2484

(1.937) (2.306) (1.082) (1.312) 2484
Other -0.0932 -0.0600 0.0969 0.0629 2851

(0.263) (0.307) (0.264) (0.307) 2851

Source: Author’s estimations using CLSA for the years 2010, 2013 and 2016 when indicated.
Note: *Significant at 10%, ** at 5%, *** at 1%,. Standard errors in parentheses. Odd columns present the results for the
conventional estimates with conventional standard errors, while even columns do it for the bias-corrected estimator coupled
with the robust variance estimators. The order of the approximation of the polynomial for estimating the conventional
coefficient is 1, while the order of the approximation for estimating the bias-correction is 2. Triangular kernel is used for the
estimations and a data-driven bandwidth selection method.

Appendix 7C: Fuzzy Regression Discontinuity results: Risk Protection and Consumption
Smoothing for Insured population

Subsidized Regime Contributive Regime
(1) (2) (3) (4) (2)

VARIABLES Conventional Robust Conventional Robust Observations
RISK PROTECTION AND CONSUMPTION SMOOTHING - 2010, 2013 and 2016
Log Household total monthly expenditure 0.151 0.0762 -0.144 -0.0675 4800

(0.261) (0.282) (0.262) (0.284) 4800
Log Household food monthly expenditure 0.0264 -0.00140 -0.00830 0.0184 4800

(0.340) (0.368) (0.345) (0.375) 4800
Log Household health annual expenditure -4.262 -2.498 3.426 2.019 611

(2.631) (3.252) (2.458) (2.942) 611

Source: Author’s estimations using CLSA for the years 2010, 2013 and 2016 when indicated.
Note: *Significant at 10%, ** at 5%, *** at 1%,. Standard errors in parentheses. Odd columns present the results for the
conventional estimates with conventional standard errors, while even columns do it for the bias-corrected estimator coupled
with the robust variance estimators. The order of the approximation of the polynomial for estimating the conventional
coefficient is 1, while the order of the approximation for estimating the bias-correction is 2. Triangular kernel is used for the
estimations and a data-driven bandwidth selection method.
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