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Abstract
The aim of this paper is to study the intra-generational distributive effects of the
contributory pension system of Ecuador, a country with a very high replacement
rate but low coverage. We analyze them under the current scheme and five alternatives. Using the Encuesta de Empleo, Desempleo y Subempleo of September 2017
we compute the labor transition probabilities and salary profiles. Then, applying
dynamic micro-simulation methods, we build the ‘virtual ’ labor market histories
of a cohort of workers that allow us to compute the contributory pension benefits
under the six pension regimes. Moreover, motivated by the current situation of
the pension system, we also simulate some conjectures for improving social security coverage and analyze the resulting effects on the pension entitlements. The
main conclusion that can be drawn from these exercises is that the current Ecuadorian contributory pension system delivers the highest intra-generational inequality
among all systems considered, with women receiving much lower pension benefits
than men.
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Introduction

In the past three decades, governments all around the world have perceived the need of
reforming pay-as-you-go (PAYG) pension systems because of their financial sustainability
problems as consequence of, among other factors, the aging population brought up by
low fertility rates and increasing longevity (Fehr, 2009, 2016; Gruber and Wise, 2004;
Holzmann and Palmer, 2006). Thus, some countries like Germany, France, and Spain,
have carried out parametric reforms, such as, extending of the period of time for computation of pension benefits, and introducing incentives to late retirement or sustainability
factors1 . Others like Sweden, Italy, Poland and some Eastern European countries have
moved from defined-benefit PAYG system to defined-contribution systems, either with
notional accounts or with some degree of capitalization.
Despite a ‘good’ pyramidal population structure, many countries in Latin America
have also introduced pension system reforms during the 1980’s and 1990’s (Devesa et al.,
2000; Olivera, 2016). For instance, Chile in 1981 was the first country to move toward
a private defined-contribution (DC) pension system. Later, Mexico, Bolivia, and El
Salvador also moved to a private pension system. Peru and Colombia, in addition to
the PAYG system, implemented alternative private ones, where individuals could freely
choose participation. Argentina, Costa Rica and Uruguay moved to a mixed pension
system, i.e., kept the Defined-Benefit (DB) PAYG and complemented this one with the
DC private pension system. Ecuador, in 2001 tried to move to a pension system of the
mixed one, but it was ruled unconstitutional. Thus, Ecuador has kept a DB PAYG
pension system, although with individual accounts and separate accountable balances by
type of risks (old, health, labor risks, and unemployment). All those past reforms had
been focusing mainly on financial sustainability, however, sufficiency of pension (coverage
and adequacy) was relegated, and consequently, nowadays it remains a challenge. Usually,
it is is mostly addressed by widening assistance benefits (Melguizo et al., 2017).
On the other hand, as it is mentioned in Barr and Diamond (2009), many pension reforms have ignored distributional effects. Indeed, they have been motivated by numerous
studies that have recommended either moving towards a more funded system or introducing parametric reforms (Fehr, 2009), both of which mainly affect the inter-generational
distribution of retiree incomes. But, in contrast, discussion of how intra-generational
distribution of incomes may be affected by pension reforms has received limited research
attention. This is an issue particularly important, and more so in countries with a high
degree of informality2 .
After Chilean reforms carried out in 2008, nowadays there is again a new wave of
pension reforms in Latin America (Olivera, 2016). In this paper we focus on Ecuador
1
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For details of every reform in each country see OECD (2005), OECD (2015), OECD (2017).
Here, informality is referred to low social security coverage
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because it is an interesting example of one of the countries in the region that has high
replacement rates but low pension coverage, which is bringing about financial imbalances,
and therefore, there are good reasons for a reform of its pension system.
The present study provides a dynamic microsimulation model of the Ecuadorian contributory pension system to evaluate the distributional consequences of alternative reform
options. This technique is widely accepted for evaluating policy reforms, in particular,
within pension systems (Li and O’Donoghue, 2013). Moreover, since it is used mostly
by developed countries, Atkinson and Bourguignon (1991) highlighted the importance of
building tax-benefit microsimulation models for developing countries.
Our model heavily builds on the work of Jimeno (2003), who had already analyzed
the intra-generational inequality of the Spanish pension system. Nevertheless, our model
extends the analysis by taking into account the high level of job informality in Ecuador.
Consequently, the labor market transition probabilities corresponding to employment are
split by “formal” and “informal” employment. Additionally, we present simulations by
gender, and we also quantify the individual replacement rates as well as the internal rate
of return for each pension system considered.
The general strategy consist of constructing a life-cycle model of a hypothetical cohort
of workers. Using the Encuesta de Empleo, Desempleo y Subempleo of September 2017
(Ecuadorian National Employment Survey) we computed the labor transition probabilities (formal employment, informal employment, economically inactive and unemployment) and salary profiles. We then compute the corresponding pension entitlements for
the current pension system and for five alternative regimes.
Pension reforms could be oriented toward the perspective of actuarial fairness (definedcontribution) or by the perspective of income substitution (defined-benefit). Our analysis
considers both types of schemes. Moreover, a hybrid system between Bismarckian and
Beveridgean schemes is included indirectly in the latter when assuming limits to the
minimum and maximum amounts of pensions (i.e., floors and ceilings).
Regarding the defined-benefit (DB) pension system schemes, Ecuador uses this scheme
taking into account the best salaries of five years. Thus, we propose two additional ones,
extending the period of time. Austria, Brazil and Portugal are examples of countries that
use this type. Whereas, in the case of defined-contribution (DC) pension systems (under
the concept of non-financial (notional) defined contribution (NDC)3 ), some countries are
Sweden, Italy, and Poland (OECD, 2015). Note that both types could be managed
from the perspective of a public PAYG pension system, and not necessarily from the
private capitalization one4 . However, funding and management of pension systems is
3

The work of Hinz et al. (2012) analyzes the role and limits to increase coverage in low and middle
income countries with NDC schemes.
4
Conde-Ruiz (2014) argues that the risk of losses is lower when the pension system is managed by
government.
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out of our analysis5 . However, in line with Uthoff (2017), we would not recommend
moving toward a pure DC pension system for not dealing with the same problems as
Chile (where the inherent risks are potentially excessive because there is not risk sharing
between generations as in the PAYG), even though Chile’s reform has contributed to the
development of capital markets.
Since in economies with high levels of informality it is needed to rise formal employment before carrying out pension reforms (Melguizo et al., 2017), in the second part of
this paper we would try to quantify the effects of changes in the labor market on the
distributions of pensions. Both, labor transition probabilities and estimation of salaries
are exposed to suffer changes when economic phenomena come about, which could cause
future and uncertain alterations in the labor market behaviour. Moreover, changes in
rules and funding sources of pension systems have impacts on the labor market behavior
of agents, both workers and employers6 . Hence, it is important to take into account when
an analysis of the effects on the distribution of pension reforms are carried out.
The main research questions (focusing in quantifying the pension inequalities) to be
addressed in this study are: How does the current system would affect pension benefits
of a cohort of Ecuadorian workers aged 187 (at the beginning of the working life)? How
does a new pension system would affect the pension benefits of this cohort of workers?
To what extent will pension systems impact differently on men and women8 ? How will
changes in labor markets impact on the pension entitlements?
Our results confirm the bad performance of the actual contributory pension system
in Ecuador, in terms of the distribution of contributory pensions. As expected, the
current system achieves the lowest degree of redistribution, in particular, as far as gender
inequality is concerned since women are entitled to lower pension entitlements. They are
also in the line with Jimeno (2003), i.e., extensions of the period of time in the definedbenefit system or moves toward a defined-contribution pension system (with minimum
and maximum limits to pension benefits) would bring about a lower intra-generational
inequality than the current one. However, in our case, the drop of inequality from the
current pension system to the alternative ones are much higher than in the Spanish case.
For instance, under the type of pension defined benefit, extending the period for the
computation of pension benefits to the 15 years with the highest salaries, would lead to
a decrease of the Gini index of the distribution of pension benefits of 12.35 percentage
5

An in-depth analysis about it could be found in Conde-Ruiz (2014), Holzmann (1993), Holzmann
and Palmer (2006), Holzmann et al. (2012), Holzmann et al. (2013).
6
For more details about distortions in labor supply when pension reforms are carried out, among
others, see Fehr and Uhde (2013), Fehr (2009), Auerbach and Kotlikoff (1987) and Draper et al. (2017).
7
Since the social security coverage of contributors aged 15-17 is very low (0.03% of the total contributors (IESS, 2015)), we decided to choose individuals aged 18 (the contributors aged 18-20 years
represents 3% of the total contributors in 2015).
8
Since women live more and receive lower incomes, they are more exposed to risks than men (BIDBancoMundial-OECD (2015)).
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points, on average; however, average pension would go down 39% of the current one. As
for the difference in average pensions of male and female workers, it would decrease from
23% to 16%. Results are even more impressive in terms of replacement rate, which for the
case of the current system a pension is likely to be 227% of the last salary of individuals,
on average; whereas, in that alternative system, it would be reduced in 87 percentage
points. The mean of internal rate of return of the current system would result in 7.88%
and is likely to lead a reduction of 1.33 percentage points. At the same time, higher
labor market transition probabilities to formal employment increase pension coverage
and, consequently, pension entitlements, as well as in general reduce income inequalities
among women and among men, although the pension gender gap would be worse off.
This paper is organized as follows: the next section describes related literature on
pension reforms and the methodology of this study. Section 3 describes the empirical
strategy we use for building the micro-simulation model, the used data and the validation
of the model. Section 4 presents our results, and Section 5 discusses and concludes.

2

Relationship to the existing literature

The present paper deals with an application of micro-simulation model to evaluate alternative pension reforms in Ecuador.
Micro-simulation techniques are widely used to evaluate economic and distributional
consequences of taxes and transfers. Taking observed data such as censuses, surveys or
administrative data, they evaluate the effects of public policies, particularly policies concerning future impacts such as the case of pension forecasts. Li and O’Donoghue (2013)
made a rich survey about all models used during the 2000’s (not only for analysis of pension programs). Most of them are tailored to focus on the analysis of inter-generational
distribution or transfers, but not on intra-generational analysis. Moreover, most of the
models are build for either developed economies or big emerging countries like Brazil.
Some examples of dynamic models built for developed countries that look at pension
reforms are LIAM (a framework for creating a number of different microsimulation models, e.g. Ireland (O’Donoghue et al., 2009)), SESIM (Swedish microsimulation model
(Klevmarken, 2010)), and MIDAS (dynamic microsimulation model of Belgium Dekkers
and Belloni (2009)). For analysis of intra-generation distributional consequences, Jimeno
(2003) constructed a dynamic one for a cohort of Spanish workers. For the case of countries of Latin America, there are very few studies, and most of them related to the analysis
of tax-benefit in general (Bargain et al., 2017). For instance, the ECUAMOD (Jara et al.,
2017) is a static micro-simulated model based on the SOUTHMOD —simulating tax and
benefit policies for development— focused on the analysis of tax-benefits for the case of
Ecuador.
On the other hand, Atkinson and Bourguignon (1991) highlighted the importance
5

of building tax-benefit micro-simulation models for developing countries and mentioned
that the construction of “new models is a gradual process and it is not necessary to take
a comprehensive look at the whole redistributive system from the outset. Even a model
that covers only some of the redistribution instruments can yield useful results”, as in
our case related only to the contributors to social security and for a cohort of workers.
Furthermore, he argued that the micro-simulated models would “lead to a comprehensive,
powerful and yet simple instrument for the design of an efficient redistribution system
adapted to the specificity of developing countries”. As far as we know, there are no
studies concerning pension systems and labor market transitions within economies with
a high level of informality. Moreover, to our knowledge, there are few studies that provide
evidence of the intra-generational inequalities within developed countries. The only three
examples we found are Jimeno (2003) (Spanish case), Borella (2004) (Italian case) and
Klos et al. (2018) (German case). This fact is quite surprising given that the number of
pensioners is increasing so that the poverty among pensioners could growth9 .
Thus, in general, our approach builds on dynamic micro-simulation models dealing
with pension system issues, which allow us to mitigate the two limitations we found for
carrying out this analysis. The first one is lack of data. Unfortunately, the access to
any information of contributors or pensioners, managed by the Instituto Ecuatoriano de
Seguridad Social (IESS, Social Security Institute) is not easy, and very difficult when
concerning the database of labor records of individuals10 . Second, there is a difficulty, of
the theoretical type, due to the implicit effects of a pension system upon labor supply.
If there are changes in rules about the computation of the pension benefits there will be
labor behavioral changes (demand and supply of labor, and salaries), and consequently,
there will be changes in labor records and salary profiles that are not taking into account
when the analysis of a pension systems uses only observed labor histories.
Unlike in industrialized countries, in Ecuador the central argument about financial
imbalances in the contributory pension system does not signal to either increasing life
expectancy, declining fertility or earlier retirement (Barr and Diamond (2009)). Instead,
the main problem is lack of sufficiency of pensions due to a low coverage of contributory
benefits associated to the high degree of informality11 . It is a problem that, in all the
Latam region, leads to high incidence of old age poverty and wide income inequalities
(Olivera (2016)).
Therefore many reforms have introduced means-tested benefits, namely assistance
9

See Brewer et al. (2007) and Belfield et al. (2014) for evidence of poverty among pensioners in the
United Kingdom and the corresponding reforms from 1996-97 for mitigating this effect.
10
The only public information that the IESS publishes is the annual statistical bulletin (only in Spanish), as a PDF file, but delayed. The last one, which corresponds to the 2015 year, was published by
January 2018.
11
Ecuador is one of the countries in Latin America and the Caribbean with higher degree of informality
than Argentina, Chile, Uruguay, and Panama (BID-BancoMundial-OECD, 2015).
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pensions for mitigating this phenomena12 . However, as population aging progresses in
the next decades, policy- makers will have to consider implementing pension reforms, that
will have to address the issues of financial sustainability and pension sufficiency. Thus,
we will consider alternative pension regimes that could deliver some of the objectives of
the main international organizations, such as United Nations or World Bank, particularly
those related to poverty and well-being of the old population; and also gender equality
and reduction of the inequalities13 .
Other analysis of the Ecuadorian pension system are, for instance, Contreras-Jaramillo
(2018), González Jaramillo et al. (2018) Ycaza Oneto (2013). All of them suggest that
the current system is not sustainable. González Jaramillo et al. (2018) using the Vensim
software (a dynamic simulation model) assess the elimination of the 40% share of the
pension expenditures paid by the government. Their results show that the current pension
fund, with no contribution of the government of 40% of pension, will be zero by 2023;
while if the contribution rate is increased to 30% it would be sustainable in the long run.
Contreras-Jaramillo (2018) made an exercise about pension expenditures projections for
the period 2013-2025, where due to aging problem, it is shown that every contributor
would have to pay 16.5% more for financing the pension benefits to pensioners. On the
other hand, Ycaza Oneto (2013) proposed a fully-funded pension system instead of the
current PAYG pension system. She supports her proposal on a brief analysis about the
financial sustainability of the current pension system versus one of the capitalized type
as the Chilean, where it is showed that the internal rate of return of the proposal is 0.88
percentage points higher than the current one (7.12%).

3

Empirical Strategy

In this section we present a description of the used data and the micro-simulation model
of pension entitlements of a cohort of workers aged 18 years old14 under the current
pension system rules of Ecuador and for some alternative regimes, as well as under some
conjectures that would improve the social security coverage.
12

Redistribution policies of Ecuador have achieved a large decrease in income inequality and poverty
over the recent years, partly thanks to the development of generous transfers to the poorest part of the
population, a policy easy to implement in an oil-producing country when oil prices are high ((Bargain
et al., 2017)).
13
See the Sustainable Development Goals (SDGs) in the 2030 Agenda; and the first objective of the
World Bank 2011-2022 social protection and labor strategy: Resilience, Equity and opportunity that
mentions the adequacy through a fair intra- and inter-generational distribution of pensions.
14
Since the social security coverage of contributors aged 15-17 is very low (0.03% of the total contributors (IESS, 2015)), we decided to choose individuals aged 18 (the contributors aged 18-20 years
represents 3% of the total contributors in 2015).
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3.1

Data

We used the data from the Encuesta de Empleo, Desempleo y Subempleo-ENEMDU(Employment, Unemployment and Underemployment Ecuadorian Survey, only Spanish
version), which is conducted quarterly by the Instituto Nacional de Estadı́stica y Censos
(INEC), Ecuadorian’s Census Bureau. The survey is carried out on households that are
maintained in the sample for two consecutive quarters, followed by a break of two quarters,
and entered in the sample for another two quarters. Thus, it is possible to observe
the same units at different moments of time INEC (2017). This survey is nationally
representative15 . This data was used for two purposes,: i) computing the labor transition
probabilities, and ii) estimating salaries of individuals. All calculations were carried out
by gender, age, and education level.
3.1.1

Probabilities of Labor Transitions

Data on labor market status and transitions between (non-participation (economically
inactive population16 ), unemployment, formal and informal employment) transition probabilities, which will be used for building the “virtual ” labor records of individuals, correspond to the panel-database: September 2016 - September 201717 . In order to get a
better approximation of the reality of the Ecuadorian population structure, we weighted
the variables by the expansion factor given by the INEC and included in the ‘matched
data’. The sample was restricted to individuals aged 18-64 years, which was chosen in
order to focus on individuals with the highest level of social security attachment. The
sub-sample size of the ENEMDU 2016-2017 matched data was upwards of 13,301 individuals18 . Then, we excluded to non-salary employees (responses to income equal to zero)
and choose those who had only ‘seguro general obligatorio’ (mandatory IESS-General
Insurance)19 . Regarding ‘housekeeper’ occupation we decided to re-categorize into the
Economically inactive population 20 . Thus, we were left with a sample of 9,733 (8.629 million), where 47.8 per cent were males and 52.2 per cent were females. The distribution
of employed population by gender, in September 2016, was 39.8 percent of females and
60.2 percent of males21 .
15

Moreover, it is representative at urban, and rural zones, and 5 auto-representative cities (Quito,
Guayaquil, Cuenca, Machala and Ambato).
16
For simplicity, from now we would name it just ‘inactive’.
17
The INEC published the matched database file: ‘Base M atch sep16 sep17 SP SS’, which is a subsample of the ENEMDU Survey of September 2017. For the sake of simplicity from now we will cite it
as ENEMDU (matched data: Sept2016-Sept2017).
18
The complete sample size of the ENEMDU at September 2017 was of 57,329 ones.
19
Since our interest is on contributory workers, we excluded those who had ‘Voluntary insurance’, and
‘ISSFA - ISSPOL’(for the system of army) insurance because of different behavior and since the last one
is managed by a different institution.
20
The INEC considers this group as non-salary employees.
21
Regarding unemployment, it was: 54.3 percent of females and 45.7 percent of males. Whereas,
regarding the economically inactive population, 77.7% were females and 22.3% were males.
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The next step is to compute the variables: employment (formal and informal), unemployment and inactive, which were built by following rules from the INEC. Table 1 shows
the initial distribution of the cohort of individuals aged 18. Since most are students, it
was expected to find a high level of economically inactive population.
Table 1: Initial distribution of population aged 18 by labor Status and gender.
Male (%) Female (%)
Formal employment
Informal employment
Unemployment
Inactive

13.37
37.27
6.65
42.71

7.46
15.61
6.95
69.98

Total

100.0

100.0

Source: Authors’ analysis based on data from
ENEMDU (matched data: Sept2016-Sept2017).

We used these four categories for computing the transition probabilities by gender,
age groups (18-24, 25-34, 35-44, 45-54, 55-64) and education level (primary, secondary
and superior)22 , which are provided by Figure 1 to Figure 12. These probabilities were
used for building the ‘virtual’ labor history of workers. The most highlighted observations
from these Figures are the following:
• Females aged 25-34 with a superior education level have a higher probability (3
percentage points) of getting off from formal employment than males and, subsequently, being in unemployment state (although with a low probability, under
10%). This behavior might be accounted because of pregnancies -particularly of
those with superior studies-, which would be contrasted by the higher probability of passing from inactive to the formal employment of that same group. Also,
women of that ages have a higher probability of flowing from inactivity to formal
employment than men of the same age (even among women). A similar behavior is
evidenced in the case of females aged 45-54 with secondary education level, where
it is 4.5 percentage points above than males. On the other hand, the surprising
behavior of women with primary schooling in the flow, formal employment to unemployment (null participation), unlike men would be due to that it is “typical”
that the Ecuadorian men are the provider of the household economic support and
women are the caretaker of children (Rivera, 2013).
• The formal employed population with superior education level aged 55-64 has a
larger probability of becoming inactive than those who have primary or secondary
22

The education level variable was a regrouped variable into three categories of the ten original ones.
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schooling, where it is higher in the case of women than men.
• The probability of becoming an informal employee from formal employment is high
-especially among younger workers, which has a direct impact on pension entitlements (less coverage). Even though it is ‘low’ (under 15%) in the cases of females
aged 35 and over, that impact is high because it is not compensated by transitions
from unemployment to formal employment (their probabilities are low). This situation is worse for the case of females with secondary and primary education levels
rather than females with superior studies, which would explain the above behavior.

(a) Males

(b) Females

Figure 1: Labor Transitions from Formal employment to Unemployment. Labor Status
by age, gender and education level. Simulation I (baseline). Source: Authors’ analysis based
on data from ENEMDU (matched data: Sept2016-Sept2017).

(a) Males

(b) Females

Figure 2: Labor Transitions from Formal employment to Inactive. Labor Status by age,
gender and education level. Simulation I (baseline). Source: Authors’ analysis based on data
from ENEMDU (matched data: Sept2016-Sept2017).
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(a) Males

(b) Females

Figure 3: Labor Transitions from Formal employment to Informal. Labor Status by age,
gender and education level. Simulation I (baseline). Source: Authors’ analysis based on data
from ENEMDU (matched data: Sept2016-Sept2017).

(a) Males

(b) Females

Figure 4: Labor Transitions from Unemployment to Formal employment. Labor Status
by age, gender and education level. Simulation I (baseline). Source: Authors’ analysis based
on data from ENEMDU (matched data: Sept2016-Sept2017).

(a) Males

(b) Females

Figure 5: Labor Transitions from Inactive to Formal employment. Labor Status by age,
gender and education level. Simulation I (baseline). Source: Authors’ analysis based on data
from ENEMDU (matched data: Sept2016-Sept2017).
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(a) Males

(b) Females

Figure 6: Labor Transitions from Unemployment to Inactive. Labor Status by age,
gender and education level. Simulation I (baseline). Source: Authors’ analysis based on data
from ENEMDU (matched data: Sept2016-Sept2017).

(a) Males

(b) Females

Figure 7: Labor Transitions from Inactive to Unemployment. Labor Status by age,
gender and education level. Simulation I (baseline). Source: Authors’ analysis based on data
from ENEMDU (matched data: Sept2016-Sept2017).

(a) Males

(b) Females

Figure 8: Labor Transitions from Informal employment to Formal employment. Labor
Status by age, gender and education level. Simulation I (baseline). Source: Authors’ analysis
based on data from ENEMDU (matched data: Sept2016-Sept2017).
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(a) Males

(b) Females

Figure 9: Labor Transitions from Informal employment to Unemployment. Labor Status
by age, gender and education level. Simulation I (baseline). Source: Authors’ analysis based
on data from ENEMDU (matched data: Sept2016-Sept2017).

(a) Males

(b) Females

Figure 10: Labor Transitions from Informal employment to Inactive. Labor Status by
age, gender and education level. Simulation I (baseline). Source: Authors’ analysis based on
data from ENEMDU (matched data: Sept2016-Sept2017).

(a) Males

(b) Females

Figure 11: Labor Transitions from Unemployment to Informal employment. Labor Status
by age, gender and education level. Simulation I (baseline). Source: Authors’ analysis based
on data from ENEMDU (matched data: Sept2016-Sept2017).
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(a) Males

(b) Females

Figure 12: Labor Transitions from Inactive to Informal employment. Labor Status by
age, gender and education level. Simulation I (baseline). Source: Authors’ analysis based on
data from ENEMDU (matched data: Sept2016-Sept2017).

3.1.2

Estimation of salary profiles

Since there is not available micro-economic data for characterizing the salary profile of
the whole labor record of workers, the second database we resorted was the complete
sample of the ENEMDU Survey (September 2017)23 , a cross-sectional data conducted
to 16,044 households (57,329 persons). Here, we applied the same restrictions as we
detailed above (when using the matched database for computing the labor transition
probabilities). Thus, after excluding individuals outside the 18-64 age range, we were left
with a sample of 30,721 (9.104 millions of people), where 65.6% (20,167) were employed
(formal and informal) and the remain (10,554) were unemployed and inactive.
Then, we analyzed the variable ‘labor income’, where we found missing registers24 and
registers where the labor income was zero. These registers and the 1- and 99-quantile25
were excluded. This variable is reported as monthly earnings, so we converted it to annual
earnings for our exercise. The final database was a sample of 29,512, where 52% were
females and 48% were males, which was used as the base sample for carrying out the
simulations.
Figure 13 shows the mean and standard deviation of the natural logarithm of the
working life-cycle annual salary by gender and education level. It is clearly evident that
men have higher salaries than women, as well as the existence of a significant gap between
those with superior studies and those with primary and secondary level. The volatility
is higher in the case of women.
23

File name: 201709 EnemduBDD 15anios.sav, available at http://www.ecuadorencifras.gob.ec/bancode-informacion/.
24
Those missing registers correspond to individuals who did not answer the corresponding question or
those whose expenses were higher than earnings (the INEC coded as -1).
25
We excluded registers with a monthly labor income outside of USD(2017) 30.0 - 3,073.57 range and
USD(2017) 10.0 - 2,334.28 range, in the case of males and females, respectively. Note that men have
higher salaries than women.
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Figure 13: Salary profiles (mean and standard deviation) by gender and age. Source:
ENEMDU Sept.2017.

3.2

Simulation Strategy

Our study made use of the empirical strategy used in Jimeno (2003) for estimating the
“virtual” labor history of individuals, but extending to the Ecuadorian labor market and
pension system reality. The general strategy consisted in constructing a dynamic lifecycle model of a hypothetical cohort of workers aged 18 years that evolves to reach 65
years after assuming a given survival probability26 (see Figures 28 and 29 in the Appendix
6.1).
These records were built from the observed data of labor transitions (presented above)
of individuals between inactivity, formal employment, informal employment and unemployment, and salary profiles (salaries throughout individuals working life). This means,
there were twelve types of labor transitions at each instant in time, but probabilities
by gender, age groups (18-24, 25-34, 35-44, 45-54, 55-64) and education level (primary,
secondary and superior). In order to limit the dimension and the run time of our simulations, we simulated 25,000 registers, where 13,000 (52%) corresponded to women and
12,000 (48%) to men. There were two main stages in the simulation process, one for
building the working life cycle and another for computing the pension entitlements. The
whole process we will detail in the next subsections was carried out by gender.
26

The survival probabilities for every age and gender were taken from Huaraca-Shagñay (2014). They
were not available by education level.
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3.2.1

Simulations of the Working Life Cycle

We started generating 25,000 random registers that represents to 13,000 women and
12,000 men aged 18 and assuming the initial distribution of labor status (Table 1). Then,
we computed their respective salaries according to the labor status condition, i.e., if an
individual is employed, his salary w is given by
w ∼ LogN ormal(µ, σ 2 )

(1)

where µ and σ correspond to the observed mean and the standard deviation by age and
education level, respectively. As it was mentioned above, they were computed from the
final sample ENEMDU September 2017. Then, it was calculated the contributions to
the social security, assuming a payroll tax τ p = 10.46%. Of course, it is paid only by
formal workers. When the wage of individuals was under 50% of the minimum wage,
namely Unified Basic Salary (UBS)27 , the contribution was computed using this amount.
Finally, we applied the survival probabilities to the sample generated, by gender and age.
The next step was to take into account the labor transition probabilities for processing
the same loop until that cohort reaches 65 years. In addition to these features, there
were two more assumptions. First, in the case of informal workers or unemployed or
inactive aged 60-64 and with less than 30 years of contributions (but more than 10 years
of contributions), we assumed that they also contribute to the social security voluntarily
(10.46% of the UBS). Second, we assumed a salary growth when a worker gains seniority,
thus the estimation of salary follows the next rules:
• If an individual changes his condition of unemployment or inactive to employment
(formal or informal), his salary was computed as it was set above, i.e., it is lognormally distributed, w ∼ LogN ormal(µ, σ 2 ); or
• If an individual keeps his condition of employee (formal or informal), we assumed
that the (natural logarithm) salary is given by a random walk with drift, i.e.,
ln(wj ) = γ + ln(wj−1 ) + ε,

(2)

where j is age, γ is the return on seniority (we assumed 1% per annum), ε ∼
N (µε , σε2 ), where we assumed that µε and σε are equal to 1 percent28 .
Figures 14 and 15 show our resulting simulations of employment rates and salary
profiles, respectively. Regarding salaries, they keep similar levels presented above when
using the observed data.
27
28

In 2017, it was 375 USD.
We assumed an annual growth of the productivity of 1 percent.
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(a) male

(b) female

(c) male

(d) female

(e) male

(f) female

Figure 14: Employment and unemployment rates by gender, age and education level.
Source: Simulation I (baseline).
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(a) male

(b) female

(c) male

(d) female

Figure 15: Salary profiles (mean and standard deviation) by gender and age. Source:
Simulation I (baseline).

3.2.2

Computation of pension entitlements

Pension Benefits
We assumed that an individual gets retirement if it is satisfied the main requirement,
i.e., if an individual aged 60-64 has contributed to the pension system at least 30 years
or at 65 years with more than 15 years of contributions. Therefore, the next step was to
compute the “virtual” pension benefits for every retiree taking into account the current
rules for computing pensions, as well as for five alternative proposals. These last types
are accompanied by different limits (minimum and maximum to the amounts of pensions)
than the current ones, where the floor and the ceiling would be only one option, 60%29
and 150% of the average salary of all workers in the economy30 , respectively. The two
basic types of retirement-income pensions (defined-benefit and defined-contribution) we
applied were31 :
29

As the European minimum wage norm, which requires that minimum wages are set at equivalent to 60
percent of national median wages, available at https://blogs.loc.gov/law/2016/09/european-minimumwage-towards-an-ever-closer-union/
30
Using the final sample, we found that the resulting mean of wages was 521.75 USD, whereas the 5%
trimmed mean was 473.88 USD, so we decided to assume a roughle mean of 500 USD.
31
For more details about all the types of pension systems implemented around the world, jointly with
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• Defined-Benefit (DB) “best” PAYG pension systems, where the regulatory
base is equal to the “best” earnings over a given number of years. The current
pension system of Ecuador (DB - best 5y) uses the geometric mean of the best five
(5) wage records (w∗ ) of a worker as the earnings base for calculating the pension
benefit32 . Then, it results from applying the respective old-age coefficient (c) and
minimum and ceiling amounts (depending on the number of years of contributions
ς). The following is detailed this process:
1. Computation of the geometric mean (w)
e of the best five wages, i.e.,

w
e=

5
Y

!1/5
wi∗

,

(3)

i=1

2. Computation of the pension benefit pen∗EC , given by:
pen∗EC = w
e · c if U BS ≤ w
e · c ≤ 2.5 · U BS,

(4)

or, when w
e · c < U BS,

pen∗EC




0.6 · U BS






0.7 · U BS


= 0.8 · U BS




0.9 · U BS




1 · U BS

if 11 ≤ ς ≤ 20
if 21 ≤ ς ≤ 30
if 31 ≤ ς ≤ 35
if 36 ≤ ς ≤ 39
if ς ≥ 40

or, when w
e · c > 2.5 · SBU ,

pen∗EC




3 · U BS






3.5 · U BS




4 · U BS
=


4.5 · U BS






5 · U BS




5.5 · U BS

if 15 ≤ ς ≤ 19
if 20 ≤ ς ≤ 24
if 25 ≤ ς ≤ 29
if 30 ≤ ς ≤ 34
if 35 ≤ ς ≤ 39
if ς ≥ 40

The two alternative types of this scheme consisted in extending the periods of time,
so, we decided to simulate for the cases of the best salaries of 15 (DB - best 15y)
and 25 years (DB - best 25y), but in (3) we computed w
e considering the arithmetic
their reforms, see OECD (2005), OECD (2017), OECD-IDB-WB (2014).
32
The current rule measures in monthly amounts.
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mean instead of the geometric one.
• Defined-Contribution (DC) pension systems, where the pension benefit is
computed as a life annuity (computed using a real discount factor of 1%) at retirement. We assumed that an individual contributes the same rate as in the current
scheme, i.e., 10.46%. Therefore, we simulated the following three types:
– The defined-contribution pension system with low financial risk, which was a
random variable normally distributed, N (µ, σ 2 ), with µ and σ equal to 0.055,
respectively.
– The defined-contribution pension system with moderate financial risk, which
is a random variable normally distributed, N (µ, σ 2 ), with µ and σ equal to
0.075, respectively.
– The defined-contribution pension system with high financial risk, which is a
random variable normally distributed, N (µ, σ 2 ), with µ and σ equal to 0.095,
respectively.
Replacement Rates
Once the pensions were computed, we calculated two types of replacement rates for
each type of pension using the following definitions.
Definition 3.1. Replacement rate-all (RR1 ) It is a measure of the pension benefit as a
share of the average of the pensioner’s working lifetime earnings, i.e.,
pen∗j
RR =
w
1

where w is the mean of the whole working lifetime regulatory base.
Definition 3.2. Replacement rate-last (RR2 ) It is the often used definition measured as
the ratio of the pension benefit to final earnings (just before retirement), i.e.,
RR2 =

3.3

pen∗j
wj−1

Validation

Due to the fact that there is not access to administrative data of IESS, the validation
was very difficult. However, we used some approximations. For example, the replacement
rate is a good clue for validating our results. Using data from IESS, it was measured
as the mean of pension of actual pensioners over the mean of the earning base of actual
contributors, which was roughly 85% in 2015 with an upward trend, i.e., in 2017 (our
baseline year) it would be higher. Here, using the “virtual” labor life-cycle records, this
20

rate results in 131%. While, according to OECD-IDB-WB (2014) the promised replacement rate for Ecuador is 94.2% (measured in 2010), which is closer to our result than
that 85%. Its overestimation could be associated to the underestimation of the profile
salaries33 -as does any micro-simulation model-, as well as because of the assumption
of 1% for seniority. Moreover, by looking the distributions of the simulated earnings in
Figure 16 (by gender, see Figures 30 and 31 in the Appendix 6.2), it appears that simulations are quite well. In the next section, there is also a comparison of the descriptive
statistics of salaries between the actual figures (ENEMDU) and our simulation results.
Nevertheless, overall, bear in mind that our exercise consists in quantifying pensions for
a cohort of workers aged 18 at 2017 that evolves up to 65 years, given some probabilities.
On the other hand, regarding the coverage of pensioners, we can compare our result of
43.27% —workers aged 65 with a pension (see Table 2)— with 34.58% computing using
data from IESS, which is lower. One of the main reasons for this overestimation might
be related to the significant increase of contributors to the social security, particularly in
the case of those aged 25-35 years, and also because of the assumption about the strategy
for getting a pension entitlement at age 60 (voluntary contribution when they had not
fulfilled requirements for retiring).

33

Since information about income is very sensitive and surveys capture it with a range of error, this
fact is very common.
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(e) Only retired workers - Sim.I

(b) Enemdu 2017

(f) Only retired workers - Sim.I

(c) Enemdu 2017

Figure 16: Distribution of annual salaries (USD 2017): ENEMDU vs Simulation I (baseline).

(d) Only retired workers - Sim.I

(a) Enemdu 2017

3.4

Simulation II: changes in labor market

According to Melguizo (2015) “the only sustainable strategy for ensuring adequate pensions in the long term” in Latin America is through the creation of more formal jobs.
That strategy would mitigate economic and personal shocks that agents are exposed to.
Particularly, agents referred to those of the middle class in Latin America, where informality is large. This phenomenon could be included in our exercise through changes in
the labor transition probabilities. Moreover, it was carried out the following assumptions:
• Increase of the labor transition probabilities toward formal employment of 75%
from: informal employment (males and females aged 25-44 with primary and secondary studies, and males and females aged 45-64), and inactivity in the case of
women aged 18-64 (except those aged 25-34 with superior studies). While, it was of
50% from: informal employment (males and females aged 25-44 with superior education), inactivity (males aged 18-54 and females aged 55-64 with superior schooling),
and unemployment in the case of: (i) males aged 18-64 -except those aged 45-54
with superior studies and aged 55-64 with secondary schooling-, and (ii) females
aged 18-64 -except those aged 18-24 with superior schooling34 .
• Reduction of the labor transition probabilities toward informal employment of 50%
from: unemployment (males aged 25-44 and females aged 25-34), inactive (males
aged 35-45 with secondary studies), and formal employment in the case of: (i)
males aged 18-24 with primary and superior studies as well aged 55-64 with primary
education; (ii) females aged 18-54 with primary studies; and (iii) women aged 18-44
with secondary and superior education, but the assumed reduction was of 25%.
• Rise of the labor transition probability toward unemployment of 50% from informal
employment (males and females) and inactivity (males aged 25-54 with primary
and secondary schooling and females aged 25-54). While it was assumed of 30%
from formal employment (males aged 18-64 and females except those aged 25-34).
• Reduction of the labor transition probabilities toward inactivity of 50% from informal employment (females aged 45-64), formal employment (males aged 55-64
and females aged 55-64), and unemployment in the case of: (i) males aged 35-44
with superior education, (ii) females aged 45-64, and (iii) females aged 18-34 with
primary studies.
• Increase of 50% of the labor transition probability from informal employment to
inactivity in the case of males aged 18-24 with primary and secondary schooling.
Regarding the estimation of salaries, its strategy changes as follows:
34

Exceptions mean that the probability of transition remains constant, i.e., equal to the stated in the
baseline.
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• When individuals enter to the labor market, σ of the relationship (1) is the 50% of
the observed standard deviation.
• When a worker keeps the same condition of employment, it is assumed the same
strategy set in (2), i.e., ln(wj ) = γ + ln(wj−1 ) + ε, where ε ∼ N (µε , σε2 ), but in the
case of females, here the σε was assumed to be 0.5 percent.
Here, simulations were carried out following the same procedure explained above
in section 3.2. Figures 35 to 46 in the Appendix 6.2 show the new labor transition
probabilities.
Figure 17 depicts graphically the resulting mean and standard deviation of the naturallogarithm of annual salaries, and 18 shows the results of employment and unemployment
rates.

(a) male

(b) female

(c) male

(d) female

Figure 17: Salary profiles (mean and standard deviation) by gender and age. Simulation
II.
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(a) male

(b) female

(c) male

(d) female

(e) male

(f) female

Figure 18: Employment and unemployment rates by gender and age. Simulation II.

4

Results

This section presents the results (graphical and descriptive35 ) about the “virtual” distribution of salaries and pension benefits (obtained from the micro-simulations) of a cohort
of Ecuadorian workers aged 18 at 2017. It was assumed, on the one hand (simulation
I) that the actual labor market behavior will remain constant (homogeneous-Markov
chain) in the future (at least from 2017 until 2064), and on the other (simulation II),
that it would be improved in order to reduce the informality. Our exercise consists in
35

Descriptive statistics and inequality indexes were computed excluding the extreme values.
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assesses the current contributory pension system and some alternative proposals in order
to reduce inequalities among contributory pensioners as well as looking for a “fairly”
scenario (in the sense of replacement rates). Firstly, we discuss the pension —coverage
and entitlements. Then, we present the main results of our exercise through descriptive
statistics and inequality indexes of the salaries, regulatory earnings base, pension benefits, replacement rates and internal rate of return to disentangle the role of the current
rules of the pension system in explaining differences in pension inequality and in achieved
entitlements between the analyzed systems.

4.1

Simulation I (Baseline): Distributional effects of the
current pension system and alternative ones

Table 2 shows information about the ‘virtual’ pension entitlements of the cohort analyzed
by gender. Because of having less than 15 years of contributions, 56.73 percent of people
that reach 65 years would not get a pension entitlement, where males have a higher
coverage than females. Of course, these results reflect the behavior of the simulated
historical labor market, where the formal employment rate is lower than the informal,
and males have a significantly higher participation than females (see Figure 14 above).
Besides the level of formal employment rate (around 30% in the case of males and 20%
in the case of females), it has an increasing trend from age 18, but it goes down after
around 40’s. On the other hand, the impact of the unemployment rate is not so large
on pension entitlements since it is low, but it is higher (4%-15%) in the case of females
than males (1%-6%), see sub-figures (e) and (f) of Figure 14. The low participation of
women in the Ecuadorian labor market, which was also evidenced in Garcı́a et al. (2012),
jointly with their corresponding labor transition probabilities (see Figures 1 - 12) implies
too a low participation in pension entitlements (at 65 years only 10.75% of the women
sample (13,000) would receive a contributory pension benefit). Most of the retirees would
reach a pension entitlement at age 65 due to the requirement of the number of years of
contributions (at least 15 years versus 30 years that are required at age 60).
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Table 2: Distribution of retirees by retirement age and gender. Simulation I (baseline).
Male
Freq.
%∗

∗∗

%

Female
Freq.
%∗
%∗∗

People aged 65 without
1,191 9.93 11.44 11,603 89.25
pension incomes
Dead before 60 years
1,281 10.68 11.95
636
4.89
Dead before 65 years
1,593 13.28 15.31
881
6.78
Retirees at 60 years
6
0.07 0.06
2
0.39
Retirees at 61 years
0
0.00 0.00
2
0.39
Retirees at 62 years
3
0.03 0.03
0
0.00
Retirees at 63 years
3
0.03 0.03
0
0.00
Retirees at 64 years
4
0.04 0.04
1
0.19
Retirees at 65 years
9,200 99.83 88.40
511
99.03

Total
Freq.
%∗

%∗∗

95.74

12,778

51.11

56.73

5.14
7.27
0.02
0.02
0.00
0.00
0.01
4.22

1,917
2,474
8
4
7
7
9
9,713

7.67 8.30
9.90 10.98
0.08 0.03
0.04 0.02
0.07 0.03
0.07 0.03
0.09 0.04
99.64 43.12

Source: Calculations based on labor history simulations (25000).
∗

% based on sample,

∗∗

% based on alive population.

Table 3 displays the distribution of the number of years of the pensioners’ contributions by gender. The percentage of retirees that would contribute up to 25 years ascends
to 97.16%, where 8.57% would reach 15 years of contributions (mostly women). As expected, male pensioners would contribute more years than females, so 30.56% (60.02%)
among men would contribute 21-25 (16-20) years against 4.07% (52.33%) among women.
Table 3: Distribution of retirees by number of years of contributions. Simulation I (baseline).
Years of contributions
15 years
16 - 20 years
21 - 25 years
26 - 30 years
31 - 34 years
+ 35 years

Male (%)

Female (%)

Total (%)

6.83
60.02
30.56
2.55
0.04
0.01

39.92
52.33
4.07
3.29
0.00
0.39

8.57
59.49
29.10
2.62
0.09
0.13

Source: Calculations based on labor record simulations (25000).

Table 4 displays the main descriptive statistics (mean, median and coefficient of variation) and inequality indexes (Gini and Theil) of workers’ annual salary and regulatory
base of pensioners (after simulations) as well as of the actual workers (using data from
ENEMDU). Besides the validation mentioned earlier, our results have the same tendency
as the actual ones, regarding three aspects.
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Table 4: Descriptive statistics of salaries and regulatory base by gender. Simulation I
(baseline).
Mean

Median

(USD 2017)

(USD 2017)

Coefficient of
variation

Total
Workers annual salary - ENEMDU Septiembre 2017
All workers
6289.51 4944.00
0.78
60-year workers 5403.18 4320.00
0.83
64-year workers 5274.66 3888.00
0.89
Annual salary (retirees)
All workers
7880.07 5774.31
0.84
60-year workers 9451.79 6646.98
0.90
64-year workers 8807.60 5867.22
0.97
Regulatory Base (retirees)
All workers
7756.97 5037.91
1.02
60-year workers 5906.11 4500.00
1.02
64-year workers 5654.04 4500.00
1.06
Males
Workers annual salary - ENEMDU Septiembre 2017
All workers
6598.65 5280.00
0.74
60-year workers 6002.87 4824.00
0.76
64-year workers 6082.18 4776.00
0.84
Annual salary (retirees)
All workers
7916.00 5811.13
0.84
60-year workers 9448.35 6655.51
0.90
64-year workers 8783.23 5863.73
0.97
Regulatory Base (retirees)
All workers
7761.64 5054.94
1.01
60-year workers 5911.31 4500.00
1.02
64-year workers 5641.48 4500.00
1.05
Females
Workers annual salary - ENEMDU Septiembre 2017
All workers
5860.77 4320.00
0.86
60-year workers 4404.43 2922.00
0.95
64-year workers 3856.15 2659.50
1.07
Annual salary (retirees)
All workers
6724.72 4234.62
1.04
60-year workers 5204.31 2776.71
1.10
64-year workers 4421.99 2357.51
1.13
Regulatory Base (retirees)
All workers
7490.43 4500.00
1.09
60-year workers 5076.86 4500.00
0.69
64-year workers 4815.91 4500.00
0.60

Gini

Theil

(%)

(%)

26.78
39.69
41.80

27.40
30.70
33.26

41.49
43.83
46.45

28.68
32.22
36.56

41.07
22.06
20.75

33.44
24.98
24.58

25.38
37.08
39.37

23.09
25.76
28.46

41.27
43.80
46.38

28.37
32.22
36.41

40.93
22.07
20.59

33.17
24.96
24.23

33.94
47.17
51.30

34.33
38.51
44.22

49.90
54.00
54.96

42.12
48.68
50.71

44.90
18.62
17.84

39.74
15.13
12.42

Source: Calculations based on labor record simulations (25000) and ENEMDU.
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First, the mean (and the median) of incomes at age 64 is lower than the one at age
6036 , where because of dispersion, the median is lower than the respective mean. On
the other hand, differences between the regulatory base and the salaries are because the
computed descriptive statistics for the first one include only cases when an individual
contributed to the social security, while, for the case pf ‘salaries’, when an individual
receive earnings, i.e., when employment conditions was formal and informal. Second, the
salary of males is higher than women, 13% in the case of ENEMDU data and 17.71% in
the case of our simulations. Finally, when analyzing the inequality indexes at old ages
(60 and 64), they increase when age increases. This pattern is similar as the one found in
Velı́n and Medina (2011)37 . Regarding inequality gender gap, the female Gini and Theil
indexes of actual salaries (33.94% and 34.33%) are higher than the male ones, 8.56 and
11.24 percentage points above it, respectively.
Since the amount of the pension benefits is a function that depends on the labor
history of individuals, the inequality degree of the distribution of the pension benefits
will depend on the inequality degree in the number of years of contributions and in the
salaries (regulatory base) among workers. Therefore, it is expected that pensions of men
would be higher than females38 .
Table 5 reports the descriptive statistics (mean, median and coefficient of variation)
and inequality indexes of the pension benefits, as well as the mean and the standard deviation of the replacement rate-last (RR2 ) and internal rate of return. They are presented
for the case of the current rules and for the five proposals, by gender and for the total
cohort. While Figure 19 compares the resulting distribution of the accumulated capital
(subfigures: a-c) between the three DC types as well as the benefits of the current rules
(subfigure: d) and of the five alternative types of pension systems (subfigures: e-i) for the
total cohort. In the Appendix 6.2 it is presented their distribution comparisons between
men and women (Figure 32, 33, and 34, respectively), and the corresponding differences
of the descriptive statistics of salaries and pensions between males and females (Table
11).
Due to the set notional interest rates for every DC system, the displayed distributions
of accumulated capital and pensions were expected, i.e., at low (high) interest rates lower
(higher) accumulated capital, and consequently, lower (higher) pensions.
Comparing results of the pension benefits between the current type and the five alternative ones, it is clear that the current system is too much generous (the mean of
pensions would represent 226.8% (on average) of the pensioners’ last wage and 136% of
the working life-time wage) and brings about the highest pension inequality. The differ36

This fact is contrary to the case of Spain and Italy, where the older workers reach the peak, i.e.,
earnings at age 64 are higher than ones at age 60, see Jimeno (2003) and Borella (2004), respectively.
37
This effect is also showed in countries such Brasil, Colombia and Chile; see Bourguignon et al. (2007),
Núñez et al. (2006), and Núñez and Tartakowsky (2011), respectively.
38
Since males contribute more, they would accumulate more, see Figure 32 in the Appendix 6.2.
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ence of the maximum amount between the current system and the alternative ones would
be about USD (2017) 15,000. Therefore, the mean of the internal rate of return (real
rate) is likely to be the highest (7.88%). Moreover, the mean of the current (DB - best 5
y) annual pension benefit of males would be 23% higher than of the women one; and the
pension inequalities would be higher among women than among men.
Next, it is detailed more specific differences between the current system and the
proposals.
1. The mean of the annual pension benefit would be reduced in 39% and 47% when
there is an extension of the period of the working life regulatory base for computation of the pension benefit to 15 and 25 years, respectively. In the case of males
the effect is similar, but in the case of females, the reduction would be lower (35%
and 38%, respectively39 ). Regarding pension benefit gender gap, the mean of the
pension of males would be 16% and 4% higher than of the women, respectively.
With respect to pension inequalities, it also would be reduced. Thus, the Gini
(Theil) index would pass from 27.18% (6.93%) to 14.83%(3.06%) and 10.84%(2.06%),
respectively40 . Of course, because of the limits to the floor and ceiling in the amount
of pensions, the Theil index was expected to be very lower than the Gini index. The
resulting lower inequalities in the proposals are a consequence of having assuming
stochastic process for labor transition probabilities and, because of the new limits
to the amount of pension benefits.
In the case of the pension system “defined-contribution” low-, moderate- and high
risk, the reduction of the pension would be 45%, 27% and 20%, respectively, where
the pension gender gap is 11% and 20%, respectively.
2. Regarding the concentration of the distributions of pensions by type of system,
particularly the outstanding densities, it is revealed that around 20% of pensioners
would receive more than a roughly annual pension of USD(2017) 15,000 in the case
of the current system (DB - best 5y), where approximately 10% makes up to those
that would receive a roughly annual pension of USD(2017) 17,000. Whilst a roughly
annual USD(2017) 4,000 (minimum amount), it would be received by 10%, 20% and
25% of the pensioners in the case of DB - best 15y, DB - best 25y and DC - low risk
system, respectively. On the other hand, a roughly annual USD(2017) 10,000, it
would be received by 15% and 30% of the pensioners in the case of DC-medium risk
39

These results are very close because of the number of years of contributions (most of women contribute up to 15 years).
40
Contrary to results of Jimeno (2003) for the case of Spain, where the Gini index falls are very small
(less than 0.6 percentage points in the case of DB systems), the Ecuadorian current limits to pension
amounts appear to be the contributors of high inequalities.
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and DC-high risk system41 , respectively. Comparisons of distributions of pensions
and accumulated capital between women and men show that, as expected, density
of distributions in the minimum amounts would be larger in the case of women than
men42 .
3. Regarding replacement rates, Figure 20 and 21 depicts their distributions in the case
of taking into account the life-time average regulatory earnings (RR1 ) and the last
one regulatory earning (RR2 ), respectively. The resulting mean of the RR1 and RR2
(for the 6 regimes analyzed) would be in the range of 136%-74% and 227%-120%,
respectively, where the high values (in every range) makes up the current system
and the low ones the DB - best 25y. These large differences between RR1 and RR2
are due to the fact that earnings would go down at old ages and consequently would
be lower than the mean of the whole earnings, thus, the second indicator would be
big than the first one. Therefore, changing the earnings base (average of the lifecycle salary) to the last salary has the greatest impact on the replacement rate,
and the shapes of distributions of pension are completely different (symmetrically).
Here, it is clearly revealed that they, as well as the pension inequality, are reduced
considerably when the extension of the period of DB system (or DC-low risk system)
takes place. For instance, when analyzing the RR1 , its dispersion (measured as the
standard deviation) is reduced in 24 percentage points in the case of DB-25 years,
and its mean would be 74% (a fall of 62 percentage points). Finally, an interesting
result is that the differences between males and females is not so high, particularly
in the case of the DC-low risk, where the mean of RR2 would be 0.73 percentage
points above of the RR2 of women.
4. Distributions of internal rate of return (IRR) are displayed in Figure 22. After
analyzing pensions and replacement rates, it was expected to find these shapes of
the distributions, where a more (less) inequality system would be associated with
an IRR more (less) dispersed. Of course, the mean of the internal rate of return of
the current system is likely to be the highest (7.88%), which is higher than the one
of the riskiest type of system (7.31%).

41

Note that within the DC pension systems a roughly annual USD(2017) 10,000 would be the maximum
amount, which is lower than the mean of the DB - best 5y system (USD(2017) 10,207).
42
For mitigating this effect, in the work of Holzmann et al. (2013) it is reported that as Safety nets
accompanying projected NDC schemes pillar, the share of retirees who get minimum top-up in Latvia is
60% and 40% for women and men, respectively; while in Norway, is 50% and 5%; and in Sweden, is 68%
and 18%, respectively.
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10,299.04
6,305.42
5,393.04
5,666.65
7,542.62
8,269.46

8,369.02
5,437.65
5,184.79
5,105.48
6,274.22
6,869.42

Current DB - RB: Best 5 y.
DB - Best 15 y.
DB - Best 25 y.
DC - low risk
DC - moderate risk
DC - high risk

Current DB - RB: Best 5 y.
DB - Best 15 y.
DB - Best 25 y.
DC - low risk
DC - moderate risk
DC - high risk

7,750.50
4,787.60
4,547.06
4,275.00
5,677.88
6,541.03

9,396.77
6,018.47
5,120.38
5,296.22
7,474.83
8,534.80

9,329.33
5,977.78
5,100.64
5,249.68
7,396.46
8,455.97

(USD 2017)

6.63
2.98
1.99
2.99
3.00
2.39

10.19
3.52
2.90
3.62
4.72
4.58

Females
2.18
29.73
3.58
13.66
3.91
11.48
3.43
11.91
3.17
19.98
3.29
22.12

2.63
3.96
4.75
3.91
4.03
4.54
Males
2.69
26.73
4.02
14.66
4.84
10.68
3.96
13.34
4.13
18.39
4.70
19.96

(%)

6.93
3.06
2.06
3.05
3.15
2.57

(%)

Theil

Total
27.18
14.83
10.84
13.40
18.77
20.44

variation

Source: Calculations based on labor record simulations (25000).
DB: Defined Benefit; DC: Defined Contribution.

10,207.20
6,263.55
5,386.93
5,639.27
7,476.08
8,195.38

Current DB - RB: Best 5 y.
DB - Best 15 y.
DB - Best 25 y.
DC - low risk
DC - moderate risk
DC - high risk

(USD 2017)

Mean

Pension Benefits
Median Coeff. of Gini

198.71
131.39
125.30
125.68
154.20
168.76

228.21
139.91
119.71
126.41
168.39
184.66

226.80
139.50
120.07
126.37
167.60
183.77

(%)

132.60
69.81
64.91
72.99
91.67
99.18

119.06
59.44
47.46
54.67
71.88
75.53

120.25
60.11
48.65
55.82
73.15
77.06

(%)

Replac. Rate 2
Mean Std.Dev.

7.81
6.63
6.52
6.42
6.95
7.21

7.79
6.54
6.10
6.18
7.03
7.30

7.88
6.55
6.12
6.19
7.02
7.31

(%)

0.97
0.88
0.92
0.81
0.60
0.48

0.74
0.60
0.67
0.38
0.29
0.36

0.86
0.62
0.69
0.42
0.32
0.38

(%)

Intern. Rate Return
Mean
Std.Dev.

Table 5: Descriptive statistics of pension entitlements by gender. Simulation I (baseline).
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(g)

(i)
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Figure 19: Distribution of accumulated capital and annual pension benefits (USD 2017). Simulation I (baseline).

(e)

(b)

(d)

(a)

34
(e) DC-moderate risk

(b) DB-best 15y

(f) DC-high risk

(c) DB-best 25y

Figure 20: Distribution of Replacement rate RR1 (pension/life-time average regulatory earnings) by type of pension system. Simulation
I (baseline).

(d) DC-low risk

(a) DB-best 5y

35
(e) DC-moderate risk

(b) DB-best 15y

(f) DC-high risk

(c) DB-best 25y

Figure 21: Distribution of Replacement Rates RR2 (pension/last wage) by type of pension system. Simulation I (baseline).

(d) DC-low risk

(a) DB-best 5y
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(e) DC-moderate risk

(b) DB-best 15y

(f) DC-high risk

(c) DB-best 25y

Figure 22: Distribution of Internal Rate of Return by type of pension system. Simulation I (baseline).

(d) DC-low risk

(a) DB-best 5y

4.2

Simulation II. Effects of changes in labor market on
distributions of pension systems

Analysis of the previous subsection has shown that an extension of the period of time
within the regulatory base yields lower inequalities. These simulations have been carried
out under assumptions of the observed data of labor transition probabilities and salaries
by age, gender and education level, which were detailed in Section 3.2.
However, as was discussed before, both labor transition probabilities and estimation
of salaries are exposed to suffer changes when economic phenomena are come about,
and all the effects are difficult of being measured. Nevertheless, for a merely illustrative
glimpse, we have assumed about likely changes in labor market performance for obtaining
the simulating of the respective effects. Those assumed changes were detailed above in
Section 3.4. Thus, in this section, the obtained results are summarized and presented in
the same way as the results of Simulation I (baseline).
Consider first Table 6, where it is reported how the distribution of retirees would be
from the considered simulation experiment, by retirement age and gender. It is highlighted that only 7.30% of the population aged 65 years would not reach a pension entitlement, while 85.81 % would retire at 65 years (versus results of the simulation I, 57%
and 43%, respectively). These considerable shifts are because of the new resulting employment rates (see above Figure 18), that reflects the flows between employment and
either inactivity or unemployment. Here, the employment rate is higher than the ones
of Simulation I (see Figure 14). For instance, it would be over 40 percent for the cases
of individuals aged 30 years and over, and have a different trend (of increasing) at ages
closed to retirement age in the case of males; while in the case of females, after age 40’s
the fall is smoother than Simulation I. On the other hand, the informal employment rates
passed from rates over 50 percent to rates around 40 percent in the case of men; while in
the case of women aged 25-54, that rates are lower and smoother than simulation I.
Of course, these high labor transitions would bring about more contributions to social
security (records and coverage), see Table 7. For instance, in the case of 21-25 years of
contributions, there is an increase of 26.46 percentage points among women (30.53%), and
in the case of 26-30 years of contribution, 61.06 percentage points among men (63.62%).
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Table 6: Distribution of retirees by retirement age and gender. Simulation II.
Male
Freq.
%∗

∗∗

%

People aged 65 without
41
0.34 0.39
pension incomes
Dead before 60 years
1,281 10.68 11.95
Dead before 65 years
1,593 13.28 15.31
Retirees at 60 years
116
1.12 1.08
Retirees at 61 years
146
1.41 1.37
Retirees at 62 years
230
2.22 2.17
Retirees at 63 years
405
3.91 3.84
Retirees at 64 years
529
5.10 5.05
Retirees at 65 years
8,940 86.24 85.90

Female
Freq.
%∗
%∗∗

Total
Freq.
%∗

%∗∗

1,570

12.08

1,583

7.30

1390
1727
9
2
1
4
6
9681

10.69 11.97 2,671 10.68 11.96
13.28 15.32 3,320 13.28 15.31
0.09 0.08
125
0.62 0.56
0.02 0.02
157
0.78 0.71
0.01 0.01
242
1.20 1.10
0.04 0.04
421
2.09 1.92
0.06 0.05
548
2.73 2.51
99.77 85.88 18,604 92.57 85.81

13.93

6.33

Source: Calculations based on labor history simulations (25000).
∗

% based on sample,

∗∗

% based on alive population.

Table 7: Distribution of retirees by number of years of contributions. Simulation II.
Years of contributions
15 years
16 - 20 years
21 - 25 years
26 - 30 years
31 - 34 years
+ 35 years

Male (%)

Female (%)

Total (%)

0.12
3.61
32.05
63.62
0.54
0.07

7.39
58.93
30.53
3.09
0.04
0.02

3.61
30.23
31.19
34.44
0.43
0.09

Source: Calculations based on labor history simulations (25000).

Table 8 displays the descriptive statistics of the annual salary and regulatory base
of pensioners (when workers). These results keep the same tendency as the baseline
ones, i.e., males earn more than women (see Figure 23) and older workers earn less than
younger ones. Moreover, income inequality increases when age rises, where inequality
among women is higher than among males. However, since we assumed less dispersion for
estimating salaries, here the estimated salaries would be lower, as well as the inequalities.
The drop of the Gini index of annual salary is likely to be larger in the case of females
(15.71 percentage points) than in the case of males (11.85 percentage points). Thus, they
are 27.8% and 37.6%, respectively.
Overall, these results were expected, since the strategy was focused on improving the
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coverage of individuals with primary and secondary education level and those aged 45-64,
whose salaries are lower than the population with superior schooling.
Table 8: Descriptive statistics of salaries and regulatory base by gender. Simulation II.
Mean

Median

(USD 2017)

Total
Annual salary (retirees)
All workers
5,818.20
60 year workers 6,334.96
64 year workers 5,929.87
Regulatory Base (retirees)
All workers
5,594.80
60 year workers 5,277.61
64 year workers 5,161.68
Males
Annual salary (retirees)
All workers
6,308.28
60 year workers 6,997.54
64 year workers 6,477.35
Regulatory Base (retirees)
All workers
5,882.03
60 year workers 5,613.22
64 year workers 5,408.44
Females
Annual salary (retirees)
All workers
4,999.17
60 year workers 5,081.25
64 year workers 4,683.75
Regulatory Base (retirees)
All workers
5,097.95
60 year workers 4,850.70
64 year workers 4,810.25

Gini

Theil

(USD 2017)

Coefficient of
variation

(%)

(%)

4,911.35
5,154.72
4,622.22

0.60
0.66
0.72

31.83
34.93
37.33

16.27
19.58
22.44

4,500.00
4,500.00
4,500.00

0.63
0.58
0.62

28.04
16.87
17.45

15.63
11.73
12.57

5,445.50
5,910.90
5,267.58

0.53
0.57
0.63

27.80
30.16
32.64

12.45
14.58
17.12

4,626.22
4,500.00
4,500.00

0.58
0.58
0.61

26.24
19.03
19.36

13.44
12.18
12.98

3,753.28
3,474.34
2,975.54

0.73
0.84
0.92

37.68
42.34
45.03

23.05
29.35
33.83

4,500.00
4,500.00
4,500.00

0.72
0.57
0.60

30.37
13.89
14.83

19.44
10.46
11.27

Source: Calculations based on labor record simulations (25000).
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40
(e) females

(b) males

(f) females

(c) males

Figure 23: Distribution of annual salaries (USD 2017) - males vs females. Simulation II

(d) females

(a) males

Now, once we have carried out a general comparison of results about earnings between
simulation I and II, we turn to the analysis of results about pension entitlement under
this new artificial labor market in a similar way as was presented above. Here it is
expected to find lower amounts of pensions. Thus, results of the distributive effects of the
corresponding pension system are showed in Table 9; and Figure 24 drives a comparison
of the resulting distribution of the accumulated capital (subfigures: a-c) between the
three DC types, as well as the benefits of the current rules (subfigure: d) and of the five
alternative types of pension systems (subfigures: e-i) for the total cohort. In the Appendix
6.2, it is presented their distribution comparisons between men and women (Figure 47,
48 and 49, respectively); and Table 12 shows the pensioner income differences between
males and females. Moreover, in Table 10 it is summarized (by gender) the answers to the
questions: how does a new pension system would affect the pension benefits of this cohort
of workers? To what extent will pension systems impact differently on men and women?
how does the Simulation I analysis change when the labor transition probabilities vary?
The same trends of the results analyzed above (baseline) are observed here, i.e., the
current system brings about higher returns than DC systems or DB with extended periods, but here their mean would be lower; and pensions of women are lower than males.
Moreover, as expected, the distributions of every component of pension entitlements
would change due to the increase in social security coverage, and consequently, there
would be higher densities -particularly in the lower amounts due to the considerable increase of coverage of women, who earns less than males and consequently contribute less
, too.
The main specific findings are as follows:
• The effects of the assumed changes in the labor market on the current pension (DB
- best 5y) would lead to reduce in 13% the mean of pension benefit, whose fall is
influenced by the drop of women pensions. Now, the highest density (outstanding)
of the distributions of its pension is under USD(2017) 10,000. Regarding the mean
of the pensions of proposal systems, they would drop more than in Simulation I.
The median of the pension in the case of DB- best 15y and DB- best 25y would
be higher than Simulation I (associated with the increase of coverage of women).
In the case of males, the mean pensions (of every type of system of Simulation
II) would be higher than the baseline ones, respectively, whose effect is due to the
increase in the the number of years of contribution.
• With respect to densities of the distribution of pensions of the five proposal ones,
it is remarkable that the percentage of pensioners that would receive the minimum
amount would decrease only in the case of DB-best 15y (a roughly 2.5 percentage
points). In the case of DB-best 25y, low-, moderate- and high risk DC systems,
it would rise approximately 12, 12, 6.5 and 4 percentage points, respectively. Re41

garding the maximum amounts that pensioners would receive, there would be a
substantial decrease in the percentage of pensioners. These results are clearly evidenced that are influenced by the behavior of women, see Figure 48 and 49 in the
Appendix 6.2.
• Regarding pension inequalities, there is also additional reductions at each system,
where it is high in the case of DC-low risk system, for instance, its Gini index
(9.56%) would fall 3.84 percentage points more, followed by of the DB-best 15y one
(reduction of 2.26 percentage points of the Gini index). Nevertheless, when it is
analyzed by gender, its highest additional reduction in the case of males (females)
corresponds to the DB-best 15y (DB- best 25y) system in 6.95 (8.63) percentage
points.
• Regarding replacement rates, Figure 25 and 26 depicts their distributions of RR1
(all) and RR2 (last), respectively. Here, the RR1 would increase, except in the case
of DB-best 25y and DC-low risk (but, they would be higher than in Simulation I),
on average. These results are likely to be influenced by the increase of coverage
of women, where most contribute up to 20 years and the pension amount is lower
than men, see Figure 50 in the Appendix 6.2. Moreover, it might be due to the
increase in the coverage of women, where most contribute up to 20 years and even
the amount is low than men. While, the RR2 of the five pension alternatives would
be higher (lower) than Simulation I in the case of DB - best 15y and DB - best 25y
(DC- low, middle- and high risk) schemes, and consequently, its reduction is lower
(higher) in the case of DB (DC) schemes, which is 82.37 and 105.20 (106.48, 69.56
and 52.48) percentage points, respectively. Nevertheless, overall, it would be higher
than 100% of the last regulatory base (both for males and females) in the whole
analyzed systems.
• With respect to the internal rate of return (IRR) see their distributions in Figure
27. After analyzing the other pension entitlements, it is expected to find that it
would be higher than those of the baseline, thus the reductions would be lower
for every alternative system. The falls are from 0.46 percentage points in the case
of DC-high risk (7.42%) up to 1.51 percentage points in the case of DC-low risk
(6.37%).
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9,666.12
7,215.18
5,991.83
5,798.50
8,069.89
9,228.65

7,351.05
5,075.41
4,275.00
4,275.00
5,264.53
5,959.83

Current DB: Best 5 y. 10,256.45
DB - Best 15 y.
7,267.68
DB - Best 25 y.
6,024.59
DC - low risk
5,842.73
DC - moderate risk
8,019.55
DC - high risk
8,838.48

Current DB: Best 5 y.
DB - Best 15 y.
DB - Best 25 y.
DC - low risk
DC - moderate risk
DC - high risk

3.73
6.21
11.16
8.82
4.49
4.10

3.34
7.38
8.66
6.02
5.65
6.37

2.96
4.55
5.38
5.00
3.73
3.84

3.78
0.91
0.66
1.37
1.62
1.32

3.57
1.23
0.36
0.58
2.34
2.88

Males
14.88
7.71
6.49
9.32
12.05
15.07
Females
14.03
8.49
2.85
3.42
11.57
13.94

(%)

5.08
2.40
1.68
1.90
3.60
3.50

(%)

Theil

Total
17.37
12.57
9.32
9.56
16.70
20.30

variation

Source: Calculations based on labor record simulations (25000).
Note: DB: Defined Benefit; DC: Defined Contribution.

7,405.72
5,216.22
4,462.10
4,498.33
5,522.58
6,174.33

8,589.66
6,230.04
5,153.82
4,861.30
6,708.78
7,597.02

(USD 2017)

8,898.14
6,282.54
5,276.14
5,199.15
6,817.91
7,555.60

Current DB: Best 5 y.
DB - Best 15 y.
DB - Best 25 y.
DC - low risk
DC - moderate risk
DC - high risk

(USD 2017)

Mean

Pension Benefits
Median Coeff. of Gini

182.60
128.93
110.56
111.67
137.08
153.26

222.97
158.46
131.43
127.90
175.65
193.59

204.20
144.43
121.60
120.32
157.24
174.32

(%)

95.08
59.56
48.83
50.38
67.98
77.80

113.63
68.12
55.63
57.54
80.08
86.32

115.34
67.88
56.12
57.13
78.70
86.33

(%)

Replac. Rate 2
Mean Std.Dev.

8.14
7.17
6.73
6.74
7.29
7.59

7.67
6.72
6.17
6.04
6.97
7.26

7.89
6.94
6.44
6.37
7.12
7.42

(%)

0.89
0.69
0.74
0.68
0.37
0.26

0.73
0.49
0.45
0.22
0.27
0.33

0.84
0.64
0.67
0.61
0.36
0.34

(%)

Intern. Rate Return
Mean
Std.Dev.

Table 9: Descriptive statistics of pension entitlements by gender. Simulation II.
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-12.07 -88.30
-16.05 -108.50
-13.39 -101.81
-8.34 -59.82
-6.77 -43.55

-16.07
-18.25
-17.82
-9.75
-7.61

-38.78
-47.64
-44.98
-26.76
-19.71

-35.03
-38.05
-39.00
-25.03
-17.92

-67.32
-73.42
-73.03
-44.51
-29.95

-12.35 -87.30
-16.34 -106.73
-13.78 -100.43
-8.41 -59.20
-6.73 -43.03

-38.64
-47.22
-44.75
-26.76
-19.71

-1.17
-1.29
-1.39
-0.85
-0.60

-1.24
-1.68
-1.60
-0.76
-0.49

-1.33
-1.76
-1.68
-0.86
-0.57

IRR

-11.85 -5.24
-19.02 -69.75
-20.24 -96.78
-17.41 -100.31
-14.68 -52.56
-11.66 -34.62
-15.71
-21.24
-26.88
-26.31
-18.16
-15.79

2.87
-23.22
-36.24
-38.29
-14.12
-1.79
-5.15
-34.52
-44.84
-44.84
-32.08
-23.10

-16.11
-69.79
-88.15
-87.04
-61.63
-45.45

-9.81 -22.60
-14.61 -82.37
-17.86 -105.20
-17.62 -106.48
-10.47 -69.56
-6.88 -52.48

-7.93
-33.22
-44.76
-47.89
-28.09
-18.57

Simulation II
Mean Gini
RR2

0.33
-0.63
-1.08
-1.07
-0.52
-0.21

-0.12
-1.07
-1.62
-1.75
-0.82
-0.52

0.01
-0.94
-1.44
-1.51
-0.76
-0.46

IRR

Source: Calculations based on labor record simulations (25000).
a
Mean is expressed as percentage change to the current system (baseline-Simulation I), and Gini index,
replacement rate-last (RR2) and internal rate of return(IRR) as percentage points, on average.

Total
Current DB: Best 5 y.
DB - Best 15 y.
DB - Best 25 y.
DC - low risk
DC - moderate risk
DC - high risk
Males
Current DB: Best 5 y.
DB - Best 15 y.
DB - Best 25 y.
DC - low risk
DC - moderate risk
DC - high risk
Females
Current DB: Best 5 y.
DB - Best 15 y.
DB - Best 25 y.
DC - low risk
DC - moderate risk
DC - high risk

Simulation I
Mean Gini
RR2

Table 10: Effects of pension reforms and changes in labor market with respect to the current pension systema .
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(g)

(i)

(f)

(c)

Figure 24: Distribution of accumulated capital and annual pension benefits (USD 2017). Simulation II.

(e)

(b)

(d)

(a)
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(e) DC-moderate risk

(b) DB-best 15y

(f) DC-high risk

(c) DB-best 25y

Figure 25: Distribution of Replacement rate-all RR1 (pension/life-time average regulatory earnings) by type of pension system. Simulation
II.

(d) DC-low risk

(a) DB-best 5y

47
(e) DC-moderate risk

(b) DB-best 15y

(f) DC-high risk

(c) DB-best 25y

Figure 26: Distribution of Replacement rates-last RR2 (pension/last wage) by type of pension system. Simulation II.

(d) DC-low risk

(a) DB-best 5y
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(e) DC-moderate risk

(b) DB-best 15y

(f) DC-high risk

(c) DB-best 25y

Figure 27: Distribution of Internal Rate of Return by type of pension system. Simulation II.

(d) DC-low risk

(a) DB-best 5y

5

Discussion and Conclusion

The objective of this paper was to analyze the distributions of the contributory pension
entitlements of a cohort of Ecuadorian workers and estimate the reduction in inequality
which would attain if the current pension is reformed (we carried out five proposals).
The relationship between paid contributions and future pension benefits is a relevant
factor when individuals make decisions about participation in the labor market. When
total contributions are not taken into account for computation of the pension benefits,
as the case of the current Ecuadorian pension system, in words of Fehr and Uhde (2013)
“those contributions are conceived as a payroll tax by the agents, which in turn distorts
labor supply decisions”. Thus, the current pension systems imply taxes and subsidies
to the labor supply that it is not egalitarian distributed throughout the working life of
individuals. Hence, when the regulatory base regards a more extended period of time,
the taxes on labor supply are lower, especially in the initial phase of the working life and
consequently, the subsidies are also lower. Nevertheless, in the case of the DC scheme systems, where every dollar has the same weight in time for computation of the benefit, the
effect on labor supply is neutral (Jimeno (2003)). Moreover, possible reforms of the labor
market institutions (laws about protection of employment, collective bargaining, unemployment benefits, policies of the labor market, etc.) dealing with growing heterogeneity
of labor supply and demand should also be accounted for.
We did not pretend to forecast the distribution of the pension benefits of the worker
cohort when they reach retirement. Neither did we pretend to reproduce the distribution
of the pensions of the current cohorts of workers that now are retiring. Both tasks would
be not possible because their labor records and the corresponding salary43 profiles until
reaching sixty-five years depend on future reforms of the labor market and other issues,
which we cannot be advanced. Moreover, in line with Melguizo et al. (2017), the focus
of pension reforms in informal countries has to be on improving the coverage.
Thus, we constructed a dynamic micro-simulation model using the observed labor
market transitions (where informal employment is taking into account), for evolving that
cohort until they reach 65 years old. This technique allowed us to analyze the distributions
of pension benefits of individuals under different policy rules, the current one and five
alternative proposals.
Instead of examining the pension system in isolation, like many studies carried out
within the actuarial mainstream, this work links a pension system scheme and the labor
market, i.e., pension entitlements are largely defined by employment status (Melguizo
et al., 2017). Compared to previous studies, that focus on intra-generational inequalities
with pension system reforms, the present approach considers a small developing dollar43

The estimation of the salary profiles we are using for simulations are based on a cross-section sample,
thus, they do not follow the same patterns of the current or the future retirees.

49

ized economy with a high level of informality. In addition, our study also analyzes the
respective effects by gender. Hence, with our simulation, we have provided answers to
the research questions laid down at the beginning.
Our resulting estimations are of potential interest for policy-makers, particularly, because they would reduce the current financial pressure on the pension system as well as
they are part of the Sustainable Development Goals (SDGs) in the 2030 Agenda of the
United Nations. The following are the derived major quantitative and qualitative results.
First, regarding social security coverage, the current situation is worse for women
(lower pension benefits and more limited coverage of contributory pension systems), due
to females have higher probabilities of being inactive population than males. Males have
lower probabilities of change labor status from informal to inactive or unemployment
than women. Note that this low participation of women is not exclusive in developing
or emerging countries as it is shown in Ståhlberg et al. (2005), where it is analyzed for
countries such as Sweden and France. Thus, this study opens the door for an interesting
debate about what would happen if the divorce rate in the old population raise, where the
poverty among women could increase abruptly. Therefore, as it is mentioned in Sigg and
Taylor (2005), the analysis does not need to be addressed as a simple matter of gender
inequality, “policies would need to take account of gender roles but recognize that no two
individuals will interpret them the same way”.
Second, the current contributory pension system is too much generous (replacement
rate -considering the whole earnings- would be 136% and –considering the last wage–
226.8%). Moreover, it, jointly with the riskiest DC, would bring about the highest level of
inequalities (considering the Gini index) among pensioners (27.18% and 20.44%). Those
results follow the same pattern showed in Jimeno (2003) for the case of Spain. The
intra-generational inequality in the current system would be high as a consequence of the
short period of time considered for computation of benefits (only 5 years) and because
it is considered the highest salaries. Moreover, also the current limits in Ecuador appear
to be the main contributor to high inequalities, which are higher than the Gini index
calculated with public pensions in Peru (around 20%) and Spain (around 25%), and the
average Gini index of pensions in the OECD countries (15.8%); see Olivera (2016), Jimeno
(2003), and OECD (2013), respectively. Improvements in the formal employment, along
with pension reforms, would likely to drive to a better redistribution and, consequently,
even lower inequalities.
Third, results suggest a better redistribution in the case of DC schemes, thus, taking
into account the concept of actuarial fair, results devote for a moving to these schemes.
Moreover, since it is considered a kind of hybrid scheme because of limits to the amounts
of pensions, it would be guaranteed, by one hand an earning-related scheme, but also,
on the other hand, an intra-generational redistribution of benefits. We think that it is
a win-to-win system, where there is evidenced welfare gains in the sense of reduction of
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inequalities. The pension share of the average working lifetime earnings would be from
126%-184%, on average.
Fourth, when the analysis is carried out by gender, our findings suggest that the mean
of the current pension of males would be 23% higher than females but the Gini index
among males would be 3 percentage points lower than among females (29.73%)44 However,
when the period of time is extended to 15 years (DB-best 15y) the male Gini index would
be higher (1 p.p.), and also in the case of DC-low risk (1.43 p.p.). Distribution of pension
benefits would be different for the case of men and women, e.g., regarding large amounts,
around 21% of male pensioners would receive more than USD (2017) 15,000, while in the
case of women it would be around 15%; and regarding minimum amounts of pensions
(approximately USD (2017) 4,000), 3% of male pensioners would receive it, while 17% in
the case of women.
Finally, several extensions could be considered for the future. For instance, the introduction of the public and private employment as in Borella (2004) and also the household
incomes instead of the individual ones as in the microsimulation model of De Vil et al.
(2010). In order to enhance our limitation of the database (particularly, the number of
registers of employed people aged 60 and over), we recommend trying to get the corresponding samples of December, since it has more registers.

6
6.1

Appendix
Survival probability

Figure 28: Survival Probability by age (18-64 years old) and gender. Source: HuaracaShagñay (2014).
44

This fact is also evidenced in a developed country. De Vil et al. (2010) built a micro-simulation
model for the case of Belgium pension system, where it is analyzed the risk of poverty and inequalities.
Even though they simulate for income household results, their findings show that inequalities are higher
among women pensioners.
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Figure 29: Survival Probability by age(65-100 years old) and gender. Source: HuaracaShagñay (2014).

6.2

Additional Validations and Results

Figures 30 to 50 and Tables 11 and 12 below present additional validations by gender
and additional results of simulations I and II.
• Additional validations by gender
Figure 30: Distribution of male annual salaries (USD 2017): ENEMDU vs Simulation
I (baseline).
Figure 31: Distribution of female annual salaries (USD 2017): ENEMDU vs Simulation I (baseline).
• Additional Results of Simulation I
Figure 32: Distribution of accumulated capital (USD 2017) by gender. Simulation I
(baseline).
Figure 33: Distribution of annual pension benefits (USD 2017) of the type of pension
system: defined-benefit by gender. Simulation I (baseline).
Figure 34: Distribution of annual pension benefits (USD 2017) of the type of pension
system: defined-contribution by gender. Simulation I (baseline).
Table 11: Differences of pensioner income between males and females. Simulation I
(baseline).
• Probabilities of Labor market transition. Simulation II
Figure 35: Labor Transitions from Formal employment to Unemployment by age,
gender and education level. Simulation II.
Figure 36: Labor Transitions from Formal employment to Inactive by age, gender and
education level. Simulation II.
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Figure 37: Labor Transitions from Formal employment to Informal by age, gender
and education level. Simulation II.
Figure 38: Labor Transitions from Unemployment to Formal employment by age,
gender and education level. Simulation II.
Figure 39: Labor Transitions from Inactive to Formal employment by age, gender and
education level. Simulation II.
Figure 40: Labor Transitions from Unemployment to Inactive by age, gender and
education level. Simulation II.
Figure 41: Labor Transitions from Inactive to Unemployment by age, gender and
education level. Simulation II.
Figure 42: Labor Transitions from Informal employment to Formal employment by
age, gender and education level. Simulation II.
Figure 43: Labor Transitions from Informal employment to Unemployment by age,
gender and education level. Simulation II.
Figure 44: Labor Transitions from Informal employment to Inactive by age, gender
and education level. Simulation II.
Figure 45: Labor Transitions from Unemployment to Informal employment by age,
gender and education level. Simulation II.
Figure 46: Labor Transitions from Inactive to Informal employment by age, gender
and education level. Simulation II.
• Additional Results of Simulation II
Figure 47: Distribution of accumulated capital (USD 2017) by gender. Simulation II.
Figure 48: Distribution of annual pension benefits (USD 2017) of the type of pension
system: defined-benefit by gender. Simulation II.
Figure 49: Distribution of annual pension benefits (USD 2017) of the type of pension
system: defined-contribution by gender. Simulation II.
Table 12: Differences of pensioner income between males and females. Simulation II.
Figure 50: Distribution of replacement rates RR1 (pension/life-time average regulatory earnings) by gender. Simulation II.
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54
(e) Only retired workers - Sim.I

(b) Enemdu 2017

(f) Only retired workers - Sim.I

(c) Enemdu 2017

Figure 30: Distribution of male annual salaries (USD 2017) - ENEMDU vs Simulation I (baseline).

(d) Only retired workers - Sim.I

(a) Enemdu 2017
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(e) Only retired workers - Sim.I

(b) Enemdu 2017

(f) Only retired workers - Sim.I

(c) Enemdu 2017

Figure 31: Distribution of female annual salaries (USD 2017) - ENEMDU vs Simulation I (baseline).

(d) Only retired workers - Sim.I

(a) Enemdu 2017
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(e) females

(b) males

(f) females

(c) males

Figure 32: Distribution of accumulated capital (USD 2017) by gender. Simulation I (baseline).

(d) females

(a) males
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(e) females

(b) males

(f) females

(c) males

Figure 33: Distribution of annual pension benefits (USD 2017) of the type of pension system: defined-benefit by gender. Simulation I
(baseline).

(d) females

(a) males
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(e) females

(b) males

(f) females

(c) males

Figure 34: Distribution of annual pension benefits (USD 2017) of the type of pension system: defined-contribution by gender. Simulation
I (baseline).

(d) females

(a) males

Table 11: Differences of pensioner income between males and femalesa . Simulation I
(baseline).

Annual salary (retirees)
All workers
60-year workers
64-year workers
Regulatory Base (retirees)
All workers
60-year workers
64-year workers
Pensions
Current DB: Best 5 y.
DB - Best 15 y.
DB - Best 25 y.
DC - low risk
DC - moderate risk
DC - high risk

Mean

Median

C.Vb

Gini

17.71
81.55
98.63

37.23
139.69
148.73

-0.20
-0.20
-0.16

-8.63 -13.75
-10.20 -16.46
-8.59 -14.30

3.62
16.44
17.14

12.33
0.00
0.00

-0.08
0.33
0.45

-3.97
3.45
2.75

-6.58
9.83
11.81

23.06
15.96
4.02
10.99
20.22
20.38

21.24
25.71
12.61
23.89
31.65
30.48

0.51
0.44
0.94
0.52
0.96
1.41

-3.00
1.00
-0.80
1.43
-1.60
-2.17

-3.56
-0.53
-0.91
-0.64
-1.72
-2.18

Theil

RR2c

IRRc

29.50
8.52
-5.58
0.73
14.19
15.90

-0.02
-0.09
-0.41
-0.24
0.08
0.09

Source: Calculations based on labor record simulations (25,000).
a

Mean and median are expressed as percentage variation of the males to the females, while coefficient of
variation as absolute difference and Gini, Theil, replacement rate and internal rate of return as percentage
points. b Coefficient of variation. c Differences of means.
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(a) Males

(b) Females

Figure 35: Labor Transitions from Formal employment to Unemployment by age, gender
and education level. Simulation II. Source: Authors’ analysis based on data from ENEMDU
(matched data: Sept2016-Sept2017).

(a) Males

(b) Females

Figure 36: Labor Transitions from Formal employment to Inactive by age, gender and
education level. Simulation II. Source: Authors’ analysis based on data from ENEMDU (matched
data: Sept2016-Sept2017).

(a) Males

(b) Females

Figure 37: Labor Transitions from Formal employment to Informal by age, gender and
education level. Simulation II. Source: Authors’ analysis based on data from ENEMDU (matched
data: Sept2016-Sept2017).
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(a) Males

(b) Females

Figure 38: Labor Transitions from Unemployment to Formal employment by age, gender
and education level. Simulation II. Source: Authors’ analysis based on data from ENEMDU
(matched data: Sept2016-Sept2017).

(a) Males

(b) Females

Figure 39: Labor Transitions from Inactive to Formal employment by age, gender and
education level. Simulation II. Source: Authors’ analysis based on data from ENEMDU (matched
data: Sept2016-Sept2017).

(a) Males

(b) Females

Figure 40: Labor Transitions from Unemployment to Inactive by age, gender and education level. Simulation II. Source: Authors’ analysis based on data from ENEMDU (matched data:
Sept2016-Sept2017).
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(a) Males

(b) Females

Figure 41: Labor Transitions from Inactive to Unemployment by age, gender and education level. Simulation II. Source: Authors’ analysis based on data from ENEMDU (matched data:
Sept2016-Sept2017).

(a) Males

(b) Females

Figure 42: Labor Transitions from Informal employment to Formal employment by age,
gender and education level. Simulation II. Source: Authors’ analysis based on data from ENEMDU (matched data: Sept2016-Sept2017).

(a) Males

(b) Females

Figure 43: Labor Transitions from Informal employment to Unemployment by age, gender
and education level. Simulation II. Source: Authors’ analysis based on data from ENEMDU
(matched data: Sept2016-Sept2017).
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(a) Males

(b) Females

Figure 44: Labor Transitions from Informal employment to Inactive by age, gender and
education level. Simulation II. Source: Authors’ analysis based on data from ENEMDU (matched
data: Sept2016-Sept2017).

(a) Males

(b) Females

Figure 45: Labor Transitions from Unemployment to Informal employment by age, gender
and education level. Simulation II. Source: Authors’ analysis based on data from ENEMDU
(matched data: Sept2016-Sept2017).

(a) Males

(b) Females

Figure 46: Labor Transitions from Inactive to Informal employment by age, gender and
education level. Simulation II. Source: Authors’ analysis based on data from ENEMDU (matched
data: Sept2016-Sept2017).
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(e) females

(b) males

(f) females

(c) males

Figure 47: Distribution of accumulated capital (USD 2017) by gender. Simulation II.

(d) females

(a) males
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(e) females

(b) males

(f) females

(c) males

Figure 48: Distribution of annual pension benefits (USD 2017) of the type of pension system: defined-benefit by gender. Simulation II.

(d) females

(a) males
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(e) females

(b) males

(f) females

(c) males

Figure 49: Distribution of annual pension benefits (USD 2017) of the type of pension system: defined-contribution by gender. Simulation
II.

(d) females

(a) males

Table 12: Differences of pensioner income between males and femalesa . Simulation II.

Annual salary (retirees)
All workers
60-year workers
64-year workers
Regulatory Base (retirees)
All workers
60-year workers
64-year workers
Pensions
Current DB - RB: Best 5 y.
Current DB - RB: Best 15 y.
Current DB - RB: Best 25 y.
DC - low risk
DC - moderate risk
DC - high risk

Mean

Median

C.Vb

Gini

Theil

54.60
81.11
83.97

62.75
100.52
110.37

-0.03
-0.07
-0.08

-1.89
-3.32
-3.42

-2.05
-4.47
-5.23

43.88
42.54
38.37

14.39
0.00
0.00

0.11
0.38
0.38

4.25
15.05
13.97

4.60
16.29
16.35

130.20
78.35
73.97
51.09
61.98
53.34

170.37
91.85
79.50
57.63
78.33
69.89

0.09
3.04
-4.48
-3.57
2.23
4.40

25.24
3.50
6.39
7.63
3.55
3.44

0.12
-0.62
0.76
1.23
-1.16
-2.13

RR2-µ IRR-µ

170.63
64.39
50.23
29.99
49.47
44.21

Source: Calculations based on labor record simulations (25000).
a

Mean and median are expressed as percentage variation of males to the females, while coefficient of
variation as absolute difference and Gini, Theil, replacement rate and internal rate of return as percentage
points. b Coefficient of variation.
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0.54
-0.21
-0.33
-0.79
-0.48
-0.59
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Figure 50: Distribution of Replacement rate (pension/life-time average regulatory earnings) by gender. Simulation II.
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Núñez, J., Ramı́rez, J. C., and Taboada, B. (2006). Esfuerzos y herencias sociales en la desigualdad de
ingresos en colombia. Serie Estudios y perspectivas, 12.
O’Donoghue, C., Lennon, J., and Hynes, S. (2009). The life-cycle income analysis model (liam): a
study of a flexible dynamic microsimulation modelling computing framework. International Journal
of Microsimulation, 2(1):16–31.
OECD (2005). Pensions at a Glance 2005: Public Policies across OECD countries. OECD Publishing,
Paris.
OECD (2013). Pensions at a Glance 2013: OECD and G20 indicators. OECD Publishing, Paris.
OECD (2015). Pensions at a Glance 2015: OECD and G20 indicators. OECD Publishing, Paris.
OECD (2017). Pensions at a Glance 2017: OECD and G20 indicators. OECD Publishing, Paris.
OECD-IDB-WB (2014). Pensions at a Glance: Latin America and the Caribbean. OECD Publishing,
Paris.
Olivera, J. (2016). Welfare, inequality and financial effects of a multi-pillar pension reform: The case of
peru. The Journal of Development Studies, 52(10):1401–1414.
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