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Abstract

We propose a dynamic general equilibrium model to analyze the relationship between health,
the employment situation (formal or informal), and the business cycle. In our setting, house-
holds choose how much labor to allocate to formal and informal activities and accumulate a
health capital stock that can be improved by medical expenditures but depreciates with labor.
Formal firms have to pay taxes but enjoy higher productivity levels. Informal producers are
less productive but do not pay taxes. Three different medical providers, one private and two
public, operate in a perfectly competitive industry. The government taxes personal income and
the hiring of labor by formal firms, and its expenditures comprise purchases in formal goods
and subsidies to the medical consumption of households.

After parameterizing the model for the Mexican economy, we found that in response to
a positive formal productivity shock, households find it optimal to invest in their health not
through higher spending on medical services but through a reduction in working time. When a
positive health capital investment shock occurs, medical inputs productivity rises, and house-
holds reduce their labor time to increase health investment, prompting a reallocation of re-
sources from the labor market to the medical sector. In case of a positive cost shock in a
medical services firm, the resulting increase in prices implies a reduction in the accumulation
of health capital which implies a reallocation of resources to the formal sector of the economy
since the increased cost of health capital investment can be compensated by hiring physical
capital. The robustness of the model is tested via a sensitivity analysis, which suggests that our

results hold for empirically plausibly parameters.
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Introduction

There is a growing body of literature that has tried to systematically investigate the aggregate
response to shocks to various medical consumption determinants. Papers such as those by Hall
and Jones (2007), Huang and Huffman (2014), He, Huang, and Hung (2016), and Kelly (2017)
have suggested different ways of approaching this problem. However, these studies are based
on the United States, so that do not consider distinctive elements of emerging economies. One
of these elements is informality, which not only represents a considerable component of the
aggregate economy but is also closely related to health financing. For example, according to
Medina and Schneider (2018), the average size of the informal economy in Mexico was 32%
as a percentage of the national GDP during 1991-2015. In Bolivia, this number reaches up to
62%.

Like many other developing countries, Mexico has social insurance with a dual structure,
segmented mainly by labor status, particularly whether a worker is formal or informal. Social
insurance typically includes a bundle of benefits like health, work-risk, death and disability
insurance, and retirement pensions, among others. The benefits and the method of financing (a
tripartite scheme, i.e., with contributions from firms, workers, and the government) are usually
referred to as “contributory social insurance.” Recently, many countries have created or ex-
panded health, pension, and related programs paid from general revenues and thus are referred
to as “noncontributory social insurance” (Levy & Schady, 2013).

If we focus on the health system, things are similar. For example, in México, public and
private institutions interact in the health system. On the public side of the sector, there are social
security institutions and the services provided by the Ministry of Health (Secretaria de Salud).
The main social security institutions are the Mexican Institute of Social Security (IMSS), with
almost 62 million members (51% of the population), and the Institute of Social Security and
Services for State Workers (ISSSTE), with nearly 13 million (11% of the population). With a
view to the universalization of health services, the General Health Law was reformed in 2003,
and the Social Protection System in Health was created, whose operating arm was the Seguro

Popular, which as of June 2017 registered over 53 million affiliates.!

On the private side of the health system, there are several service providers in clinics, pri-

Despite these public institutions, the 2016 National Health and Nutrition Survey (ENSANUT) found that just

over 13% of those surveyed lack health protection.



vate hospitals, and pharmacies. It is worth noting that the quality and safety of private services
are heterogeneous (Instituto Mexicano para la Competitividad, 2018). Only 7% of the Mexican
population gets private insurance, so many of the medical services patients pay for the services
directly (which is known as out-of-pocket medical spending). In fact, workers who contribute
directly to the payment of their social security and have health insurance resort to private med-
ical services, either because they consider it to be of higher quality or because of the saturation
of the medical services provided by the state. In Mexico, the medical spending in private in-
stitutions as a share of total national spending on medical services of some kind was 52.8% on
average between 1993 and 2017.

In order to analyze the macroeconomic implications of the relationship between informal-
ity, social insurance financing, and health spending, we develop a two-sector dynamic general
equilibrium model that allows for endogenous health accumulation and labor supply in the
formal and informal labor markets. In the model, households choose how much labor to al-
locate to each market and consume formal and informal goods produced in each sector. They
accumulate a health capital stock that can be improved by medical expenditures but depreci-
ates with labor and exogenous forces. Also, households accumulate physical capital which is
rented to formal firms. Formal firms have a constant returns to scale technology whereas the
informal sector is assumed to be self-employed and operates with a decreasing returns to scale
technology. Formality entails costs and benefits. Formal firms have to pay taxes on the wage
bill but enjoy higher productivity levels. Informal producers are less productive but do not pay
taxes. Health stock works as a production input in both sectors. There are three different med-
ical providers, one private and two public, that operates in a perfect competitive industry. The
government taxes personal income (wages and capital rents) and the hiring of labor by formal
firms. Its expenditures comprises government purchases in formal goods and subsides to the

medical consumption of households.

There are many sources of uncertainty in the model. First, there is a shock to the aggregate
productivity in the formal sector. Following Fernandez and Meza (2015), shocks to the formal
sector are passed through to the informal sector. However, we assume an imperfect propagation
of these shocks from the formal to the informal sector.Second, we allow for a health investment
productivity shock. Third, we consider shocks to the cost function of each medical provider.

We show that in the face of a formal productivity shock with imperfect pass-through to the
informal sector, households find it optimal to invest in their health not through higher spending
on medical services but through a reduction in working time in both the formal and informal
sectors. This effect happens when the increase in the real wage due to productivity shock is
not sufficient to compensate the marginal loss in health for greater formal working time, so

households choose to invest in health capital by working less.

Concerning the health capital investment shock, our model does a reasonably good job of

20wn calculation using data from SICUENTAS.



replicating the increase in medical expenditure carefully studied in the literature. In this case,
we obtain the traditional transmission mechanism, i.e., as medical inputs become more produc-
tive, households reduce their labor time to increases health investment. This effect increases
formal and informal output but with a reallocation of resources from the labor market to the
medical sector. Government non-medical consumption decreases to finance the greater demand

for public medical services.

Finally, we show that when a positive cost shock occurs in a medical services firm, the
demand for goods for that firm is reduced, and the demand of other medical goods increases.
This result follows from the perfect substitutes production function that we have assumed. The
increase in the price of medical services implies a reduction in the accumulation of health
capital, which reduces the marginal productivity of labor and physical capital, forcing people
to work more in the formal sector even when the real wage has been reduced. Likewise, in
the informal sector, the increased cost of investment in health generates an increase in the
labor factor to compensate for the gradual reduction in health capital. These effects imply a
reallocation of resources to the formal sector of the economy since the increased cost of health

capital investment can be compensated by hiring physical capital.

Our research is closely related to a series of theoretical and empirical studies that delve into
various dimensions of the relationship between health and macroeconomic performance. One
of the most important questions in this area has been to try to elucidate the reasons behind the
significant increase in spending on medical services as a proportion of aggregate production.
Studies such as Hall and Jones (2007) have suggested that this is a consequence of the optimal
response of economic agents to increasing income levels rather than a consequence of the
technical progress of medical goods. The intuition for this result is that people become saturated
in non-health consumption in any given period, driving its marginal utility to low levels. As
people get richer, the most valuable channel for spending is to purchase additional years of life.
These authors predict that health spending will rise more than 30 percent of GDP by the year
2050, compared to the observed level in 2000 of about 15 percent.

Based mainly on the empirical facts documented by Ruhm (2000), such as a procyclical of
health spending and a countercyclical mortality rate, this literature gave rise to a more recent
one that tries to analyze the relationship between the business cycle and health. Works such as
He, Huang, and Hung (2014) and He et al. (2016) have proposed the use of dynamic general
equilibrium models that incorporate health capital accumulation to help account for these facts.
Recent studies have developed dynamic general equilibrium models to consider the role of
different financing schemes (Huang & Huffman, 2014; Kelly, 2017) and differences in people’s
health (Kelly, 2020).

One dimension that this literature has not yet addressed is the relationship between health,
the employment situation (formal or informal), and the business cycle. There is a growing

literature that investigates the role of informality in explaining emerging market business cy-



cles, such as Restrepo-Echavarria (2014), Fernandez and Meza (2015), Horvath (2018), and
Leyva and Urrutia (2020). The aim of this thesis is to introduce informality into a dynamic
general equilibrium model with endogenous health capital accumulation and social insurance
to analyze some of these relationships.

The thesis is structured as follows. In the following chapter, we present in detail the model.
Chapter 2 presents the model in its log-linearized version and later discusses the choice of each
of the necessary parameters. Chapter 3 presents the results of the model. First, the most relevant
findings of this are listed, and then a sensitivity analysis is carried out to test the robustness of
the results against different eligible parameters. At the end of the chapter, we compare the

results obtained with those existing in the previous literature. The final chapter concludes.



Chapter 1

Model

This chapter develops a model to systematically investigate the aggregate response to shocks
to various medical consumption determinants. As we mention in the introduction, many works
have tried to address this question from different perspectives, but most of those studies are
based on the United States, so none consider distinctive elements of emerging economies. For
this reason, the model that we propose incorporates informal employment and the primary

sources of health financing consistent with countries like Mexico.

As Levy and Schady (2013) document, many developing countries have social insurance
(SI) with a dual structure, segmented mainly by labor status, particularly whether a worker is
salaried or nonsalaried. On the one hand, contributory social insurance (CSI) typically includes
a bundle of benefits like health, work-risk, death and disability insurance, and retirement pen-
sions. This SI arrangement is usually financed by a tripartite scheme, where firms, workers,
and government make contributions. On the other hand, there is the noncontributory social
insurance (NCSI) paid by the government’s general revenues and includes health, pension, and

related programs depending on the country.

According to several estimates using different definitions of informality documented by
Fernandez and Meza (2015), between 20 and 42 percent of the labor force in Mexico was
informal on average from 1987 to 2010. One of those definitions, useful for this work, is
employment from wage earners who do not receive benefits provided by contributory social
insurance, which reach 23% of the labor force on average in the same period. This sizable
share of informal workers, together with the dual structure of social security, implies that a
considerable part of the population, particularly those who have access to NCSI, do not pay
directly for the medical services they receive but are financed by the government through dif-
ferent mechanisms. This arrangement does not mean that the government finances all spending
on medical services, but rather that it coexists with the considerable out-of-pocket spending of
Mexican households, as mentioned in the introduction. For this reason, the model that we pro-
pose incorporates informal employment with those different sources of health financing. For

simplicity, in what follows we assume that social insurance only includes health services, and
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then we try to model the tripartite scheme of financing.

The main components of the model are summarized as follows. The economy is comprised
of households, formal firms, medical firms, and a government. The economy is populated by
a continuum of infinitely-lived households who allocate their time between leisure and formal
and informal work activities, consume formal and informal goods, and accumulate capital to
be rented by formal firms. Formal workers gain health insurance for medical expenditures,
whereas informal workers do not. Their actions are influenced by health in an intertemporal
way such that present decisions have consequences for the future through a capital stock for
health, as Grossman (1972) first suggested.! Competitive formal firms produce goods that
can be used for consumption or investment. Households produce informal goods that can be
used only for consumption purposes inside the same sector. The three remaining goods are for
medical purposes; these are supplied by different firms, one private and two related to public
social insurance. Formal firms pay taxes, while informal firms do not. The government collects
taxes, pays a fraction of the household’s medical expenses through transfers, and is assumed to

run a balanced budget in every period.

1.1 Representative Household

The representative household owns a time endowment equal to one to spend in leisure /; and
work in the formal (nf ) and informal (nf ) sectors, i.e. 1 = nf + nf + [;. In what follows, the
superscripts F, I, and A denote formal, informal, and aggregate (formal plus informal) variables,
whereas the superscripts PT, C, and NC denote private, contributory and noncontributory social

insurance, respectively.

1.1.1 Health

Following He et al. (2016) and Kelly (2017), we assume that households can invest in their
health stock %, by buying medical goods provided by the private sector m”, the contributory

social insurance mC or the noncontributory social insurance mNC given a health production

technology H(m!'T,m& mN¢). This production function allows certain medical goods to gen-
erate more health than others to reflect the quality differences between them. In fact, the CSI
and NCSI schemes are excluding, which means that a worker cannot receive grants from both
services simultaneously. However, inside the same household, both schemes can coexist, and

this fact allows us to maintain the representative household setting.

'In line with previous research on business cycles and health, we do not consider education as part of the
human capital even though there is strong evidence about the importance of this factor to improve people’s health
during the last century (Cutler, Deaton, & Lleras-Muney, 2006). However, in future work, we could analyze the

interaction between those variables.



The stock of health has two sources of depreciation, a natural rate of aging 6, € (0,1) and
an endogenous component that is a function of working hours D(nf" n!). Consequently, the law

of motion for the health capital stock is given by:

hest = H(mE" mE mNC) + [1— 8, — D(nf ,n})] by (1.1

1.1.2 Physical capital accumulation

Households accumulate physical capital according to the law of motion:
kiy1 = is + (1 — O )k, (1.2)

where k; is the capital stock at the beginning of period 7, i; is the investment flow, and & € (0,1)

is the depreciation rate of capital.

1.1.3 Informal sector

Similar to Restrepo-Echavarria (2014), we assume that the informal sector of the economy
is identical to household production. As discussed by Fernidndez and Meza (2015), self-
employment is a good proxy for the informal economy in Mexico. Households can freely
choose the amount of work in the informal sector, where the representative household has ac-

cess to production technology given by:
yi = (nd b ) (1.3)

where y! is the informal sector’s production at time ¢ and z/ is a contemporaneous productivity
shock specific to the informal sector. Note that production is a function of health (the same is

true for the formal technology), a common assumption in this literature.

1.1.4 Budget constraint and preferences
The period budget constraint of the representative household is given by:

cf +is+pee+plTmpT 4 (1= 6c)prmf + (1= One)pr my' € = piyi + (winf +riki)(1 - 1)

(1.4)
where ¢/ is the consumption of formal goods at time ¢, ¢! is the consumption of informal
goods, p; is the price of informal goods relative to formal goods, analogously p; is the price of
medical good x € PT,C,NC relative to formal goods, w; is the real wage in the formal sector,
r; is the rental price of the capital stock, 7, is the income tax, and 6¢ and Oyc represent the

fraction of medical expenditures financed by contributory and noncontributory social insurance,
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respectively. The differences 1 — 6¢ and 1 — Oy¢ can be thought of as recovery fees for medical
a2
services.

The representative household maximizes expected lifetime utility:
Eo Y B'u(c},n k) (1.5)
=0

where 8 € (0,1) is the subjective discount factor and E; is the mathematical expectation oper-
ator conditional on the information at time ¢. Aggregate employment is defined as:

nt =nf 4 nl (1.6)

and aggregate consumption in both sectors —excluding medical goods— is given by:
1
=[S+ (-0 (17)

where § € (0, 1) is the share parameter of formal consumption relative to aggregate consump-

tion and 1/(1 — p) is the elasticity of substitution between formal and informal goods.

1.2 Representative Formal Firm

Formal firms hire labor and capital in competitive markets and pay a tax on the wage bill 7, for
SI purposes (expressed as a proportion of the wage). This tax captures both firms’ contribution
to social insurance and the fee to formal workers through the distortion on wages.? Following
Antén et al. (2012), we add the parameter 1 € [0, 1] to represent the government’s contribution
to financing the CSI.
The representative formal firm solves the problem
max 5 =yF — ke —[1+ (1 —n)z]wnl (1.8)
151

subject to production technology:
vE =" (keonf  hisz)) (1.9)

where y! is formal production at time ¢ and z* is a productivity shock specific to the formal
sector.

It is important to note that one of the key differences between the formal and informal
sectors relates to the level of productivity. Consistent with the empirical evidence, we follow
Fernandez and Meza (2015) and assume that formal firms are more productive than informal
ones, to such an extent that this allows them to meet the costs of social security and still be

profitable.

’In the case of Mexico, both the CSI and NCSI medical services are financed mainly by the government.
However, in each case, some specific services demand a fee from the user, which in the aggregate is a minimum

part of those institutions’ income.
3This way to incorporate the labor taxes is a typical representation of the Mexican labor market, such as

Ferndndez and Meza (2015) and Anton, Herndndez, and Levy (2012).



1.3 Medical sector

We assume a medical industry with three firms: a private firm, a firm that provides the medi-
cal services for contributory social insurance, and a firm that provides the medical services for
noncontributory social insurance. For simplicity, we assume perfect competition and no under-
writing costs. The relative price of each medical good with respect to the price of non-medical
goods is determined by equilibrium in the health care market.

Each medical provider x € {PT,C,NC} receives revenue from purchases of medical ser-

vices and incurs costs, d*(my), so its objective function is defined as:

max I = pim; — d*(my). (1.10)

ny

1.4 Government

The government is assumed to run a balanced budget in every period, only consumes formal
goods, and pays a fraction of household’s medical expenditure through contributory and non-
contributory social insurance. Government collects a tax on the wage bill from formal firms
7., of which it pays a fraction (1 — 1) as a concept of the tripartite contribution to social insur-
ance. Government also levies an income tax 7, on households. Thus, the government budget

constraint is given by:

N

(1- n)Tth”f + Ty(thf +riki) = g1 + 9CPsztC + Onep; Cm{vc (1.11)

where g; is the non-medical government spending. In order to achieve a balanced budget every
period, g; is the resources that remain after the government pays the subsidies for medical

services to households.

1.5 Market clearing conditions
Market clearing in the formal sector requires:
v =l it g, (1.12)

and for the informal sector
V= (1.13)
In the medical sector, each firm sells everything it produces.

9



1.6 Functional forms

We assume that the health production technology H(m”T,m¢, mNC) is given by a perfect sub-

stitutes goods function:
PT PT
H(m'T mE mNC.zm) = 7" (éprmt +EemE + éNcmﬁvC> (1.14)

where 7" is a health investment productivity parameter and &, is the share parameter of input
x € {PT,C,NC}, such that Epy + Ec + Enec = 1. The higher the value of &,, the greater the
marginal contribution of good x on health. Therefore, each medical good may have a different
contribution to health to reflect the differences in quality between them.

This health production function is consistent with the empirical evidence found by Bayraktar-
Saglam (2017), whose results suggest that private and public health expenditures are com-
plements for high-income OECD countries whereas they are substitutes for low and middle-
income countries including Mexico.

The endogenous depreciation component D(n!", n!) of health is given by:
D(ny ,m) = (/) (ny)" = (1.15)

where @ € (0,1) determines the curvature of this function for both types of labor. The greater
is o, the greater the depreciation of health by formal work given a fixed amount of informal
work.

The production functions in both sectors have the form
yE =2 (k)% (nf )t o (1.16)

=2 (nlh)% (1.17)

where z; is the productivity shock specific to the sector x € {F,I}, o € (0,1) is the share of
capital used as input in the production at formal sector, and a; € (0, 1) determines the curvature
of the informal production function.

The cost function of the three medical providers is given as:
d’ = af (m))¥x (1.18)

where aj is a productivity shock specific to the firm x and y, is the curvature parameter for
medical care cost function, where x € {PT,C,NC}. Of course, this parameter y, can differ
across firms.

We assume that the household receives utility from its non-medical consumption, leisure
time, and health stock. We assume that the household’s instantaneous utility function is sepa-

rable between consumption and leisure

()%

el ) = log(ethy) ~ 1

(1.19)
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where 7, determines the importance of leisure relative to consumption/health in preferences
and x is the parameter for the wage elasticity of labor.

This utility function is a special case of the utility function proposed by Picone, Uribe, and
Mark Wilson (1998), with the risk aversion coefficient equal to unity. Note that this utility
function (1.19) implies that consumption and health are complements, a well documented fact
by Finkelstein, Luttmer, and Notowidigdo (2013).

The productivity shock in formal sector follows a conventional AR(1) process
logzl = prlogzt | +€f (1.20)
where &/ is an i.i.d. white noise process with mean zero and unit standard deviation and the
parameter pr € (—1, 1) governs the serial correlation of technology shock.

Following Fernandez and Meza (2015), we assume an incomplete pass-through of produc-

tivity shocks from the formal to the informal sector, given by:

=) GG )" (1.21)

where k € (0,1) measures the elasticity of this shock. The greater k, the greater the degree
formal shocks are passed through to the informal sector.
The shocks related with health also follows a conventional AR(1) process. Thus, the pro-

ductivity shock in the health production is given by:
log2" = pulogz™ | +&", (1.22)

where €" is an i.i.d. white noise process and the parameter p,, € (—1,1) represents the serial

correlation of the shock. The processes of the cost shocks are given by:

logal™ = pprlogal™; + €, (1.23)
logat :pclogat 1+8z , (1.24)
loga, —chloga, 1+8t , (1.25)

where, again, &' is an i.i.d. white noise process with mean zero and unit standard deviation and

the parameter p, € (—1, 1) governs the serial correlation of each shock, with x € {PT,C,NC}.

1.7 Household optimization

The Lagrangian of the household problem can be expressed as

Z EOZﬁ { ct 7ct7nt 7nt7ht)

+ Mg [pof (] szl + (wenf 41k ) (1= 7)) — ¢f = (ki1 — (1= 8 )ke) — pec)
—pfTmf" — (1= 8c)mf — (1= Oyc)m |

o [ — H T m€) = (1= &, — D(nf )] |
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with first-order conditions

0.4
ﬁzw—ln:O (1.26.1)
9L i Ap =0 (1.26.2)
dc;
3—% = tyr + A (1= 7y) + Ao Dy = 0 (1.26.3)
1y
0%
— 7 =t Mepefh + A Dyhy = 0 (1.26.4)
3
0%
- —Af][ —|— ﬁEz)ylH_l [rH_l(l - Ty) + (1 - 6k)] - 0 (1265)
ki1
0%
Sh - =Mt BE: {un+ A 1pify— o1 [1 =8, —D(nfyy,nfy )]} =0 (1.26.6)
1+
0%
amPT —2eptT — Ay Hypr =0 (1.26.7)
0.7
== —Aupy (1—6¢) — AyH,c =0 (1.26.8)
amg
0% Ne
e — AP (1= Ove) = Ay =0 (1.26.9)

where A and A, are the Lagrange multipliers associated to the budget constraint and the health
law of motion, respectively.
Combining equations (1.26.1), (1.26.3), and (1.26.7) we obtain:

PTD h
_Mi:wt(l_fy)_M’ (1.27)
U.F H, pr
and from equations (1.26.2), (1.26.4), and (1.26.7) we have:
_ﬂ:fn,_M. (1.28)
U. L pH,pr

The above equations represent the intra-temporal condition that governs the choice between
working hours and leisure in the formal and informal sectors, respectively. These conditions
suggest that working hours’ opportunity cost is lower in our model compared to the formal-
only and no health version of the model. In this case, the marginal rate of substitution between
work and consumption is affected by the marginal depreciation of work and the value of the
marginal product of health spending.

Similarly, by equations (1.26.1), (1.26.5), and (1.26.7) we can derive:

g = BEugr [repr(1-1) +1— &, (1.29)
and by equations (1.26.1), (1.26.2), (1.26.6), and (1.26.7) we have:

Ucr pf—{l [1 - 6]1 _D(ntF—o—lvn{—l—l)]

T
Uef = ﬁme’TEt {uht+1 +”c{+1f1{;+1 + H o } . (1.30)
m
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Equation (1.29) is the conventional inter-temporal Euler equation for physical capital, and
(1.30) is the Euler equation regarding the accumulation of health stock. The latter implies
that the representative household faces a trade-off between consumption and health expendi-
tures. If the household chooses to spend one additional unit on health expenditure (from the
private sector in this case), it loses utility by U s but gains through increasing health stock
tomorrow by the amount of Hme /pFT. Higher health stock tomorrow will bring the household
higher utility by uy, ,, since health directly enters into the utility function. This effect is called
in the literature the consumption motive associated with Grossman (1972). With better health,
the effective labor supply increases, which in turn transforms into higher labor income and
higher consumption, which yields higher utility. The term u o f}{m thus captures the so-called
investment motive for health expenditures. Finally, with better health tomorrow, the household
also has a better starting point of health stock brought to the future, which saves medical expen-
diture and can hence be used for higher consumption in the long run. This continuation effect
is captured by the last term of (1.30).

Combining equations (1.26.1) and (1.26.1), we obtain the relative price of informal goods

as:

(1.31)

Finally, from equations (1.26.7), (1.26.8), and (1.26.9) we have the conditions that determines

the demand of medical services each period:

PT
p; " H c
C my
= 1.32
P U= 6c)Hypr (1.32)
PT
p; " H_nc
pi\’c ot (1.33)

(1— GNC)Hme ’

1.8 Firm optimization

The formal firm chooses in every period the set of capital and labor that maximizes its profits.

The first-order conditions are given by:

anf _ F OCp—l F l—OCF . _

S = oz (k) (nf ) re=0 (1.34.1)
1

aHlF _ _ F (092 F\—oFp I—OCF_ o .

5 = (=)l (k) (nf) " hy (14 (1—n)t]w; =0. (1.34.2)
1

These equations are the conventional optimality conditions for a firm with distortionary taxation

on the labor side.
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In the medical sector, the first-order conditions are given by:

3H£3T PT PT\ypr—1

3me —VYrr at ( m") =0 (1.35.1)
C

—gnéz r = vea; (mp)¥7 =0 (1.35.2)
my

aHNC -

SoNC = P~ Wvear (m )Mt =0, (1.35.3)
t

These are the conventional optimality conditions for a firm under perfect competition.

1.9 Equilibrium

Given the initial conditions kg and hg, an equilibrium in this economy is a set of 13 allocations

F I PT C _NC
{yz aytvllaghctvctvntantvkl-i-lahl-i-lamt y My, 1Yy }t 0

and 6 prices
{Wt,’”t,PnPt 7ptvpt }t =0

such that, given the law of motion of shocks, satisfy the following 19 conditions:

¢ the household first-order conditions (1.27), (1.28), (1.29), (1.30), (1.31), (1.32), and
(1.33),

e the formal firm first-order conditions (1.34.1) and (1.34.2),

* the medical providers first-order conditions (1.35.1), (1.35.2), and (1.35.3),
* the government budget constraint (1.11),

* market clearing conditions (1.12) and (1.13),

* the production functions in formal and informal sectors (1.9) and (1.3),

* the laws of motion for capital and health stocks (1.2) and (1.1).
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Chapter 2
Log-linearization and Parameterization

This chapter presents the log-linearized version of the system of equations that characterize
the model’s equilibrium. Afterward, we present the discussion about the choice of each of the

required parameters to carry out the computational exercises of the following chapter.

2.1 Log-linearization

In what follows, variables whose empirical counterparts are expressed in log deviations are
defined by:

§ = log(s;) —log(s) ~ = — 2.1

where each variable with a hat represents the approximate percentage deviation with respect
to its steady-state (ss) level denoted without subscript. Variables whose empirical counterparts

are expressed in levels are defined as:

V=V —v 2.2)

where a hat variable denotes the deviation from its steady-state value, as is the case of real

interest rate in the present model.

As discussed in Section 1.9 of Chapter 1, the equilibrium of the model can be characterized

by a set of 19 sequences

F I . F I _F I PT C . NC PT _C _NCye
{yt 7y[7lt7gtuct7C[7n[7n[7kl‘+17hl‘+17m[ 7mt7m[ 7Wt7rt7pt7pt 7pt7pt }t:()
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satisfying the following 19 equations:

1-¢ ([ el
=2 2.3.1
n=gt () =D
Y1 (1 — 1 cF =1 ,PT - -
oler) ( CA)jf )y f 4y 4 —C((CA’)LZ,H 5’; () () (23.2)
t t t
1— CI /.Lflazl nl oqflha] CF ,uflpPT B
U tNA B 0 gt £GP 1 ) )2
t t t
(2.3.3)
Fyp—1 Fop-t 1— 1-6
Cle )" _ ﬁEIC(Cz+1) [rrtA( 7y) + (1 — &) (23.4)
( t)u ( t+l)u
Sl 1pfT Clef )M it Fo1
2 B _BE 1-8,—D
(Vi Epr BE; (i Enr [1—8,—D(n/y,n)]
+ (1- C)(C{H)”_]O‘IZ{H(”tl+1)a’hggl + ! (2.3.5)
(C“;\H)u iy
PT
C écpt
_ P 2.3.6
br (1—6c)épr ( )
PT
NC §NcPt
=_Nerr 2.3.7
Pr (1—6nc)épr (23.7)
r = ozl (k)% (nf )= (2.3.8)
[1+ (1 =n)t]ws = (1 — o)zl (k)% (nF )~ B} =% (2.3.9)
T = ypral ™ (mFT)ver 1 (2.3.10)
Py = veay (m)¥e! 2.3.11)
pivc _ llchaﬁvC(mivc)WNc_l (2.3.12)
g = (1= tewnt + 1y (wenl + riky) — 0cpEmE — OnepNmN© (2.3.13)
yo=c +iteg (2.3.14)
yh=¢! (2.3.15)
v =2F (k) (nf by )= (2.3.16)
yi =z (nfh;)™ 2.3.17)
ki1 =i+ (1 — )k (2.3.18)
h1 =2 (§mefT + EcmE + Jchmﬁvc) +[1=8— (D)°m) =]k, . (2.3.19)

Equation (2.3.1) determines the relative price of informal goods, equations (2.3.2) and
(2.3.3) are the labor supply conditions of the formal and informal sector, respectively. Equation
(2.3.4) is the Euler equation for physical capital and (2.3.5) is the Euler equation regarding the
accumulation of health stock. Equations (2.3.6) and (2.3.7) follow from household’s first-order
conditions for public medical goods. Equations (2.3.8) and (2.3.9) are the first-order conditions

of formal firms. Equations (2.3.10)—(2.3.12) are the first-order conditions for each medical
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firm. Equation (2.3.13) is the government budget constraint. Equation (2.3.14) and (2.3.15) are
the market clearing conditions and equations (2.3.16) and (2.3.17) are the production functions
of each sector. The last two equations, (2.3.18) and (2.3.19), are the laws of motion for physical

capital and health capital.

The corresponding log-linearized equations are given by:

p=01—p)(e -2 (2.4.1)
AV
p 1 C<;_F> pPT Fyo—1/ I\1-0 h » ~PT  ~m
Q16 — Qa6+ Wy _A_l 5_2 ZméPTw n (') }T(hz‘f'l’t -2z
[ F\M—]
C(C—F> PT h
+ | 20" 40"l = 55 (@— D)o@ ) () =0 | 4F
F "Spr y
- F\M—1
C(%) PT h
+ a1l 2\ N N AL Al
A ) g (-0l )0
) F\ M2 F\2u—2
w-0¢(5)  G-u(5) Lo
o1/ N\1-w "~ AF
+ A 2 m w(n ) (n) F Cl
(c_> "Epr yEy
yF
1 JNH B
+,uéj( —9) (Y_F> (y_> r (nF)o=1( 1)17(0&0_161 (2.42)
d)z Z"Epr yE oyt o
yF
04l — 036F + 21+ (0 — 1)l + ayhy =
FNHL
1 F, I\y—1.F C<y_F> p’ o -0l | AF
— n" ) 0" 4 o(l—w)n"\?H)?—
4 XY ) % oy )(n") (") o |
F\H-1
+ [ w(n” +n" )Xl CG_F) re o(1 - o)) ()L | !
ﬁ} "Epr yF !

+ Y C—c
(ﬁ)z "Epr yEyF!
yF

AV SRV AN o

+ Hg(l _C) (y_F> (y_F> pPT (1 _w)(nF)a)(nl)—a)ic_I@I
ﬁ)z "Epr yEyF!
yF
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ho.
1—@)(n)n~?— (h, + pFT — 5™ 243
o zmépT< )(n")P(n") yF(z pl =2 (2.4.3)

Q2 [6l, — ¢ — QuE [¢f —¢f ] = Efiqq (2.4.4)

~F Al ~PT A
016 — Qb +p;" —%'=

B )’F C(%yll PPT h F 1 PT
A_3hyFEt % ZméPTF[l — &, — (n )w(” ) 7(0](15&1 _2?—19—1)
y

’ o2 T
()
F u—=2 A F 2u—2
(-0t (5)  F-u?(F) P
+ Y CAyz y 5—7[1—6;,—(”]7)@(1’11)1_@] éf—i—l
(y—F) "Epr
u—1 n—1
c0-9()" (5 uo
" o2 T
)
P\ M1 7 p\ Bl
wt=0) ()" (&) P
+ Y . y C_F_F[l —6;1— (nF)a)(nI)l—a)] 6{4-1
(%) Epr 'y
C(i)“f PT
yr F\o(,]\1-0AF
yF
[ 1\ H— F\ M1
a-0(5)" Lo (%) Ty
" G T o)) e |l
ra y—FZ éPT y
: AV S\
1-0 (%) o a-0(y) o
— 1= A (o — 1)0513? he1 — o OC]FZLLI (24.5)
F ¥
pr=p" (2.4.6)
prc=p" 2.4.7)
%=ff+(1—aF)(ﬁf+ﬁt—fct) (2.4.8)
W =& + o (ke — A7)+ (1 — )y (2.4.9)
prr=al" — (1 —ypr)m" (2.4.10)
Py =a; — (1—ye)mg 2.4.11)
P =ac — (1= ye)in© (2.4.12)
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g, (U—op)l-—m)Tt+1] F . ko oz

- — _ k

e 1+(1-n)z G 30+ Ty o ()

cm o ¢ NS e | v
—6cp y—F(ﬁ, +1;) — Onep y—F(ﬁ, +) (2.4.13)
F .

oF _C F L 8

Vi = %6 +—5ii+-—58 (2.4.14)

S A

gh=él (2.4.15)

95 =28 + agehe + (1 — o) (A + ) (2:4.16)

$l =+ oy(al + ) (2.4.17)

ki1 — ke = 8 [iy — ki) (2.4.18)

h - mfET m€ mNC )

Fhﬂrl =7" (épTy—F —f—gcy—F +§Ncy—F) Z

mPT mC mNC Ch
+7" (éPT—F thT +§C—Fm,c+§NC—Fm§VC) — (l)(le)w(nl)l w—FVlf
y y y y
— h A _ h ~
— (1 —)(n")?HH! “’y—Fn{+[1—5h—(nF)“’(n’)1 }y—Fh, (2.4.19)
F\H I\ M
° H (u=1) T —HC( 7 u(1=8)(
Where ﬁl; = |:C <§_II::> _I_(l - C) <;‘_Ii> :|7 Ql - }F CA (." > ’ Q2 - CA<yF) s Q3 -
W wF
—1 —1

(-1 F-u(1-0) (5 )" ug ()" ¢(5)" -ar)i-5) 1-0(5)" afy

2 . ’Q4: CyA ’A]: )CA B 2= )CA ’and

F F yT[l+(1*n)Tc-]”F F
C(cﬁ “7IPPT 7
_ 2\LF : ___(=or)y .

Az = ENor— Note that in A; and (2.4.13) we have used that w = o) e? which

follows from equation (2.3.9) in the steady-state.

2.2 Parameterization

The model requires setting values for 21 parameters, which are summarized in Table 2.1. The
unit of time is assumed to be a quarter. The parameters of the discount factor 3 and the depre-
ciation of physical capital §; are standard in the literature and do not need major explanation.
Similarly, the  parameter which is related to the Frisch labor supply elasticity is set at a mod-
erate value consistent with the emerging business cycle literature such as Aguiar and Gopinath
(2004).

The absence of data on informal consumption makes it difficult to establish the parameters
of the consumption aggregator. Restrepo-Echavarria (2014) assumes that formal and informal
consumption goods are perfect substitutes (1 = 1), whereas Fernandez and Meza (2015) choose
u = 0.875 which implies a elasticity of substitution between formal and informal goods of
1/(1— ) = 8. In their baseline calibration consumption of formal goods make up 68% of total
consumption. We follow Ferndndez and Meza (2015) and set 4 = 0.875 and { = 0.68
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The parameter ¥,, which gauges the importance of leisure relative to consumption/health
in preferences, is taken from He et al. (2016), which is consistent with households allocating
one-third of their time to work.

As in Restrepo-Echavarria (2014), we assume that the informal sector only uses labor for
production. She sets the parameter determining the degree of decreasing returns o = 0.3.
We set the same value. The formal capital share in the production function o is taken from
Fernandez and Meza (2015), who finds that the share of capital in Mexico has a value similar
to that in the United States. This parameter selection is consistent with the inclusion of health
stock in the production function, as shown by Kelly (2017) and He et al. (2016), who calibrate
their model for the USA.

The parameters for the income tax 7, and the tax on the wage bill 7, are also taken form
Fernandez and Meza (2015). Those parameters match the average annual value for these vari-
ables from 2003 to 2008. In particular, they calculate 7, as the ratio of aggregate individual
income tax revenue to the sum of wages, salaries, and household income from capital, and 7,
as the ratio from tax collection regarding the payments that firms make as social contributions
to the tax base. The government contribution to social insurance 7 is taken from Anton et al.
(2012). The value chosen corresponds to the Mexican government subsidies allocated by law
to health and life and disability insurance and retirement pensions for 2008.

The parameter Oyc matches the annual average for the period 1999 to 2017 of the fed-
eral contributions to health institutions that serve the population without social security, based
on the data available on the Subsystem of Health Accounts at the Federal and State Level
(SICUENTAS, for its acronym in Spanish).

For the O¢ parameter, we consider the income share of IMSS, the main provider of medical
services for the Mexican population with social security, which comes from worker-employer
contributions plus contributions from the federal government (discounting the part that it grants
specifically for people without security social, approximately 5% of the total). We take the
annual average of this calculation from 2018 to 2020, based on information from SICUENTAS
and the IMSS institutional reports.’

Various sources are used to establish the parameters of the curvature of cost functions in
the medical industry y,, x € {PT,C,NC}. Arredondo, Damian, and De Icaza (1995) elaborates
a cost analysis of health services in “tracer events” for different public and private institutions
in Mexico.? For this, they first establish the production functions for each event and each in-

stitution and then make a consensus among practitioners to adjust each institution’s function.

IThe discrepancy between the parameterization periods for Oc and Oyc is because the data with which the
value of 8¢ was calculated is not publicly available for the same period in which Oyc was calculated (1999 -

2017).
ZA tracer event means a particular disease and all the treatment that it requires. The tracer conditions of

that study were: hypertension, diabetes, diarrheas, pneumonia, appendicectomy, labor and delivery cares, routine

ambulatory medical care, and vaccines.
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They find that the differences in costs for each tracer event are significant between institutions.
In particular, they identify that the lowest costs are in the public sector, especially in the main
NCSI medical provider, and the highest costs correspond to the private sector.’> On the other
hand, Kelly (2017) sets the value ypr = 1.5 to pin down the relative price of medical con-
sumption to non-medical consumption for the US from 1996 to 2013. So we set that value to
the private medical cost function, and based on the findings of Arredondo et al. (1995), we set
an arbitrary lower parameter for CSI medical provider and even a lower value for the NCSI
medical provider.

Dalgaard and Strulik (2014) define aging as the development of an increasing number of
“deficits” and they estimate that the aggregate average accumulation of deficits is 3-4% per
year. Consequently, we set the exogenous health depreciation rate &, to 0.01.

The literature on health differences between formal and informal workers is very narrow.
However, some studies show that low-income people tend to forego some medical services
(such as dental care) because they do not consider them essential (WHO, 2019). For that
reason, it is expected that informal workers have worse health than formal workers. So we
arbitrarily set the parameter for the curvature of the endogenous health depreciation @ at a
value of 0.25.

One problem in choosing the production function parameters is that no previous study has
used the same inputs as those proposed here to analyze the effects on health. However, given
that the NCSI covers a limited number of diseases compared with the CSI is naturally expected
that medical services from the CSI provide better quality health than those of NCSI. Moreover,
to be consistent with the higher cost of private medical goods, we assume that these services
provide a greater contribution to health than public medical services. In particular, we choose
Epr =0.45, £ = 0.35, and Eye = 0.20.

The parameters for the formal and informal productivity shocks are taken from Fernandez
and Meza (2015), who set the persistence parameter pr = 0.72 and the pass-through parameter
of shocks from the formal to informal sectors k¥ = 0.64. For each productivity shock in the
medical sector, we set the persistence parameter p, = 0.9.

In our log-linearized system (2.4) we have expressed most quantities as a proportion of
formal production to set them with available empirical evidence. The components of aggre-
gate spending are calculated using the observed averages from 1993 to 2020 for the Mexi-
can economy with data from INEGI. The private consumption-output ratio is 0.51, the private
investment-output ratio is 0.12, and government consumption-output ratio is 0.09.

Similarly, the different spending values on medical services are fixed by the average ob-
served from 1993 to 2017 with data from SICUENTAS. The ratios of private medical spending,

public spending on contributory social security, and public spending on non-contributory social

3More precisely, Arredondo et al. (1995) find the lowest costs at hospitals form Secretaria de Salud. However,
in Mexico, the NCSI was created in 2003, and the main medical provider was the Secretaria de Salud. That is why

we made the equivalency between those institutions to set the cost function parameters.
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security are 0.03, 0.0101, and 0.0170, respectively.

We set the informal consumption-formal output ratio to 0.36 based on the empirical evi-
dence outlined in Restrepo-Echavarria (2014). Remember that informal consumption equals
informal output in our model. Following Fernandez and Meza (2015), we choose the steady-
state values of labor hours n" and n’ such that n//(n" +n') = 0.35 and n” +n! = 1/3. The
former to match the observed average across different measures of informality in Mexico, and
the latter to match conventional time work in business cycles analysis.

The physical capital law of motion (2.3.18) implies that investment in the steady state is
equal to gk, so we can obtain the capital-output ratio as yip = yF;Sk From equation (2.3.4),

the real interest rate in the steady-state is r = (1/B + & — 1)/(1 — 7,), and using equation

(2.3.8) we can determine the stock of health capital-output ratio in the steady-state as yﬁF =
1
—ar _k

(aFrZF) ior VEnF -

Kelly (2017) documents for the U.S. that the average relative price of medical goods to non-
medical goods from 1996 to 2013 is 1.5. For simplicity, we assign that value to the relative price
of private medical goods in the steady-state, and based on the evidence shown by Arredondo et
al. (1995), we set an arbitrary lower value for CSI medical services and even a lower value for

the NCSI medical services.
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€

Parameter ~ Value Description Source

o 0.3 Degree of decreasing returns of labor in the informal production Restrepo-Echavarria (2014)
ar 0.35 Share of capital/labor in the formal production function Fernédndez and Meza (2015)
B 0.98 Discount factor Aguiar and Gopinath (2007)
Y 2.06 Preference parameter for leisure time He et al. (2016)
X 1.6 Wage elasticity of labor Aguiar and Gopinath (2004)
Ox 0.05 Depreciation of physical capital Ferndndez and Meza (2015)
On 0.01 Depreciation of health capital Dalgaard and Strulik (2014)
4 0.6831 Share of formal goods in aggregate consumption Fernandez and Meza (2015)
u 0.875 Sets elasticity of substitution between goods Fernandez and Meza (2015)
n 0.16 Government contribution to financing the CSI Antén et al. (2012)

Oc 0.91 Share of the medical CSI spending financed by government Observed average

One 0.85 Share of the medical NCSI spending financed by government Observed average

Epr 0.45 Contribution of private medical goods to health production Arbitrary

& 0.35 Contribution of CSI medical goods to health production Arbitrary

éne 0.20 Contribution of NCSI medical goods to health production Arbitrary

Ty 0.0722 Income tax Fernidndez and Meza (2015)
Te 0.1142 Tax on the wage bill Ferndndez and Meza (2015)

Ypr 1.5 Curvature of the private medical cost function Kelly (2017)

Ve 1.3 Curvature of the CSI medical cost function Arredondo et al. (1995); Kelly (2017)

Ync 1.1 Curvature of the NCSI medical cost function Arredondo et al. (1995); Kelly (2017)
O] 0.25 Curvature of the endogenous health depreciation Arbitrary




vC

Parameter ~ Value Description Source
Pr 0.72 Persistence parameter of formal productivity shock Fernandez and Meza (2015)
K 0.64 Pass-through parameter of shocks from the formal to informal sector Ferndndez and Meza (2015)
PPT 0.9 Persistence parameter of private medical provider cost shock Arbitrary
Pc 0.9 Persistence parameter of CSI medical provider cost shock Arbitrary
pPnc 0.9 Persistence parameter of NCSI medical provider cost shock Arbitrary
cf yE 0.51 Private formal consumption-output ratio in the steady-state Own calculations
cl jyf 0.36 Informal consumption-output ratio in the steady-state Restrepo-Echavarria (2014)
i/y* 0.12 Private investment-output ratio in the steady-state Own calculations
g/y" 0.09 Government consumption-output ratio in the steady-state Own calculations
mfT [yF 0.03 Private medical spending-output ratio in the steady-state Own calculations
m€ /yF 0.010 CSI medical spending-output ratio in the steady-state Own calculations
mNC /yF 0.017 NCSI medical spending-output ratio in the steady-state Own calculations
nt 0.2162 Formal labor in the steady-state Ferndndez and Meza (2015)
n! 0.1171 Informal labor in the steady-state Fernandez and Meza (2015)

Table 2.1: Baseline parameterization



Chapter 3
Model Dynamics

In this chapter, we present our main results. First, we analyze the transition dynamics of a 1%
increase to each of the following: formal goods productivity, health investment productivity,
private medical provider cost, and the CSI and NCSI medical providers costs. Second, we dis-
cuss our results in light of the existing literature. A sensitivity analysis to show the robustness

of the results to the parameter selection concludes the chapter.

3.1 Transitional dynamics

3.1.1 Formal productivity shock

Figure 3.1 presents the impulse responses under a positive 1% shock to formal productivity.
Immediately after the shock both formal and informal output follow opposite trajectories. For-
mal output falls almost 0.15% on impact, whereas informal output grows initially 0.4%, and
then gradually returns to the steady state value around 25 quarters after the shock.

Formal consumption also decreases in relation to its steady-state value by almost 1.2%.
Subsequently, the deviation continues to increase until it reaches a minimum (around period
five) and gradually decreases thereafter. Remember that informal consumption is equal to infor-
mal output, so the consumption in this sector increases. Nevertheless, aggregate consumption
falls on impact and follows a similar trajectory as formal consumption.

Investment instantaneously decreases by 3% due to the productivity shock, and still de-
creasing by a few periods. Afterward, investment rapidly grows even above its steady-state
value. Initially, the decrease in investment causes a decrease in physical capital stock (net in-
vestment is negative). However, as investment increases, the capital stock reaches a minimum,
after which it begins to increase.

Formal labor reduces between 3 and 4 percentage points in the first quarters after the shock,
and then gradually increases. The informal labor follows a similar pattern as the formal work,

but with fewer magnitude.
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We can see that all health expenditures also fall initially as a consequence of the shock.
The private medical consumption and the CSI medical consumption decrease between 1 and 3
percentage points in first the periods after the shock, and then it begin growing for a long time.
The same is true for the NCSI medical consumption, but in greater magnitude, since the initial
decrease is near 5%. However, health capital accumulation grows on impact due to the decline
in working hours in formal and informal sectors.

Regarding production factor prices, there is an increase in wages as a result of the gains
in productivity. The real interest rate initially undergoes a slight negative change, but later
increases above its steady-state value due to the process of capital accumulation.

Government spending declines immediately after the shock due to the decline in their earn-
ings by both taxes (the shock has decline working hours, real interest rate, and physical capital
accumulation, some of the main components of government taxation). However, rapidly the

government consumption becomes positive as tax base increase.

3.1.2 Health investment productivity shock

Figure 3.2 presents the impulse responses under a positive 1% shock to health investment pro-
ductivity. As we can see, the results are very different from the formal productivity shock. Both
the formal and informal output rise on impact, but the former declines rapidly below its steady-
state value reaching a minimum near period 18, and the latter still growing until 18 periods
after the shock. Formal consumption follows a similar trajectory as formal output, it decreases
in relation to its steady-state value by 0.1% on impact and still decreasing after that. Aggregate
consumption falls on impact due to the decline in formal consumption and the little increase of
informal one. It takes near 35 periods to return to its steady-state value.

Investment instantaneously increases by more than 2% due to the productivity shock, but
afterward, investment rapidly declines even below its steady-state value. Physical capital stock
shows a bell-shaped impulse-response function in the first 15 periods after the shock. Initially,
the increase in investment causes an increase in capital stock (net investment is positive). How-
ever, as investment decreases, the capital stock reaches a maximum, after which it begins to
decrease.

Formal labor reduces more than 0.1% percent in the first 15 quarters after the shock (even
when the real wage has risen), and then gradually increases. Informal labor slightly increases
after the shock, but then it falls and follows a similar pattern as the formal work.

As expected, health expenditures rise considerably after the shock, which implies greater
health capital accumulation. The private medical consumption and the CSI medical consump-
tion increase between 2% and 3% in the first periods after the shock, and then they gradually
decline reaching a minimum after 20 quarters. The same is true for the NCSI medical con-
sumption, but in greater magnitude, since the initial increase is almost 10%. Government non-

medical consumption falls immediately after the shock as demand for public medical services
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Figure 3.1: Impulse responses under a positive 1% shock to formal technology.
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increases.

Regarding production factor prices, there is an increase in wages as a result of the gains
in productivity. The real interest rate initially undergoes a slight positive change, given the
increase in the marginal productivity of capital, but later decreases below its steady-state value
due to the process of capital accumulation.

One way to interpret these results is the following. When the health investment positive
productivity shock arises, formal and informal output increases as medical inputs become more
productive, and health improves. This effect is reinforced by the greater investment in health
capital since people choose to substitute labor for medical goods to exploit the gains of the
productivity shock. Consequently, there is a reallocation of resources to the medical sector
since households reduce both formal and informal labor time in order to increase its health
capital. In that way, our model does a reasonably good job of replicating the increase in medical
expenditure similar to the findings of Kelly (2017) for the US.

3.1.3 Cost shocks in the medical sector

Figures 3.3, 3.4, and 3.5 present the impulse responses under a positive 1% shock to the cost
function of the private medical provider, CSI medical provider, and the NCSI medical provider,
respectively. Since the three shocks are symmetric, the results in those graphs are also sym-
metric, so we focus only on the private shock and just mention the differences with other two
shocks.

In the case of private medical provider cost shocks, both formal and informal output follow
opposite trajectories. Formal output slightly decreases in first periods, but then it rapidly rises
above its steady-state value up to a maximum is reached near 15 quarters after the shock. On
the other hand, informal output decreases modestly by 0.0015% on impact, and gradually rises
until reach its steady-state value 38 periods ahead.

Formal consumption instantaneously increases in relation to its steady-state value, but by
a small proportion (almost 0.01%). Subsequently, the deviation continues to increase until it
reaches a maximum (around period 20) and gradually decreases thereafter. Despite the decrease
in informal consumption, aggregate consumption rises on impact due to the increase in formal
consumption.

Investment instantaneously decreases by 0.4% due to the private medical provider cost
shock, but afterward, investment rapidly increases even above its steady-state value. Initially,
the decline in investment causes a decline in capital stock (net investment is negative). Subse-
quently, as investment increases, the capital stock reaches a minimum after which it begins to
increase.

Both formal and informal labor reduces slightly on impact, and gradually begin rise reach-
ing a level above their steady-state value. Formal labor increases in greater magnitude than

informal labor, so there is a reallocation of labor time to this sector.
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Production factor prices follow opposite trajectories. With the shock, there is a decrease in
the real wage due to the relative excess of capital, but gradually it begins to fall as formal labor
still rises both forms of capital are accumulated. Real interest rate initially undergoes a slight
positive change, given the increase in the marginal productivity of capital, but later decreases
below its steady-state value due to the process of capital accumulation.

The shock to the private medical provider cost function increases the price of the good it
provides, such that demand falls by in 0.2% and then gradually rises. At the same time, the
demand for public medical goods increases. This is the expected effect since we considered
a health production function of perfect substitutes. That increase in the demand for public
medical goods implies a reduction in the government non-medical consumption, which returns
to its steady-state level almost 40 periods after the shock.

That is the main difference in the transitional dynamics of our model between public and
private medical provider costs shocks. When the shock occurs in the private sector, demand
by public medical providers goods increase and government non-medical consumption falls,
whereas when the shock occurs in the public sector, demand by private medical services in-
crease and government non-medical consumption grows.

When a positive cost shock occurs in some medical services firm, the demand for goods
for that firm is reduced and that of other medical goods increases. The rise in the price of this
type of goods generates a reduction in the accumulation of health capital, which reduces the
marginal productivity of labor, forcing people to work more in the formal sector even when the
real wage has been reduced. Likewise, in the informal sector, the increased cost of investment
in health generates an increase in the labor factor to compensate for the gradual reduction
in health capital. These effects imply a reallocation of resources to the formal sector of the
economy since the increased cost of health capital investment can be compensated by hiring

physical capital.

3.2 Discussion about formal productivity shock

As the impulse-response analysis shows regarding the formal productivity shock, our model
finds that formal output falls whereas informal output rises, and there is a fall in labor in both
the formal and informal sectors.

In the Ferndndez and Meza (2015) model, when a positive formal productivity shock occurs,
both types of work increase, but because of the incomplete pass-through, eventually more and
more people decide to work in the formal sector because relative competitiveness increases in
this sector, which generates the reallocation of the labor force between sectors. However, in our
model there is not such reallocation effect since labor time falls in both the formal and informal
sectors even with low levels of correlation of the shocks between sectors.

Here, in response to a formal productivity shock with pass-through to the informal sector,
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Figure 3.5: Impulse responses under a positive 1% shock to NCSI medical provider cost func-

tion.
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households find it optimal to invest in their health not through higher spending on medical
services but through a reduction in working time in both sectors (especially in the formal sec-
tor). However, the increase in productivity more than offsets the fall on labor in the informal
sector making grow the informal production. The fall in the labor factor as an input in formal
production reduces the marginal productivity of capital and therefore decrease the real interest
rate, whereas it increases the marginal product of formal labor and raises the real wage. These
effects imply less investment and accumulation of physical capital and a reduction in formal
output. Eventually, as the shock wears off medical expenditures and physical capital investment
increase such that formal production returns its steady-state value again.

To try to understand this effect, remember the labor supply conditions in both sectors de-

rived in Chapter 1:

PT
D, rh
_Mi:w[(l_fy)_w 3.1
u.r H, prr
U "o pH et .

We can see from (3.1) that in order to have an increase in formal labor supply as a result of a
formal productivity shock, we need that the increase in the real wage be significant enough to
compensate the marginal loss in health due to greater working time and the marginal product
obtained from investing in medical goods. Similarly, from (3.2) we can see that the marginal
rate of substitution between informal work and informal consumption depends on the marginal
product of informal labor and the ratio of marginal depreciation from informal labor to marginal
medical good contribution, weighted by the ratio of relative prices.

In this case, the increase in the real wage is not large enough to compensate the marginal
loss in health due to greater formal working time, and that is why household choose to invest
in health capital by reducing formal work. This means that the effect of increasing health
capital outweighs aggregate labor supply, so that households reduce both formal and informal
activities.

These results depend crucially on the assumption of incomplete pass-through from produc-
tivity shocks in the formal sector to the informal sector. As shown in Appendix B, when the
shocks are not correlated between sectors, both formal and informal output increase on impact
but medical expenditures encompasses a considerable part of the benefits of the productivity
shock since, through this investment in health capital, individuals can increase both types of
production. This effect is reinforced by reducing formal working hours, as this also contributes
to having a higher health capital in the following periods. This combined effect seems to ex-
plain the initial fall in formal employment in that case.

Certainly, reducing labor time to improve one’s health at the sacrifice of aggregate con-
sumption seems too large to be believable (near 3%). One possible explanation of this can be
found in how labor enters health capital accumulation. In our specification, labor does not enter

the health production technology, so by the health law of motion, health capital improves when
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labor time reduces. Including the labor time in the production technology in a Cobb-Douglas
function, such as He et al. (2016), could help mitigate the gains in health derived from lower

working time.

3.3 Sensitivity analysis

In this section we analyze the sensitivity of our results to different parameter values. In partic-
ular, we consider the implications of different values for the wage elasticity of labor ¥ and sum
up the remaining sensitivity analysis presented in the Appendix A. In all cases, the solid blue
line represents the benchmark parameterization, and the dashed lines represent the alternative
parameters.

Figures 3.6-3.10 show the impulse responses of our model to each of the shocks analyzed in
the previous section for three different values of the parameter related with the Frisch elasticity
of labor supply. These alternative parameters are Yy =2 and ¥ = 1.2, i.e. one above and one
below our benchmark calibration. The higher the Frisch elasticity parameter, the more willing
are people to work if the wage increases.

As we can see from Figure 3.6, our results do not change considerably for different values
of x in the face of a productivity shock in the formal sector. Even with the higher value y = 2,
the initial rise in wage due to the shock does not generate a significant change in formal labor
supply from the baseline parameterization.

Concerning the health investment productivity shock, Figure 3.7 shows that results vary
little for different values of ¥. The most significant change concerns the response of informal
output. With our higher value of ¥ =2, we see a greater response on impact but a faster decline
towards its steady-state value.

The same is true for the impulse responses to a cost shock in every medical firm for different
values of the Frisch elasticity parameter. In each case, most significant changes are related with
informal output and labor response. The higher value of ¥, the greater response on impact but
a faster convergence towards its steady-state value.

In Appendix A we present the sensitivity figures concerning the parameter relative to the
elasticity of substitution between formal and informal goods u, the exogenous health rate of
depreciation &, the pass-through parameter k, and the contribution to health of each of the
medical goods Epr, &, and Eyc. The results of the model seems to be very sensitive to the
choice of 1, but robust to the exogenous health rate of depreciation, the degree of pass-through
between shocks, and the health contribution parameters.

We compare our baseline results with elasticity of substitution between formal and informal
goods of 12 and 2, implied by values of y equal to 11/12 and 0.5, respectively. For low
elasticities, formal and informal goods are not good substitutes implying that the informal

activities cannot easily replicate formal goods. The higher parameter is similar to the baseline
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Figure 3.6: Impulse responses under a positive 1% shock to formal technology for different

values of ¥.
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Figure 3.7: Impulse responses under a positive 1% shock to health investment productivity for
different values of .
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Figure 3.10: Impulse responses under a positive 1% shock to NCSI medical provider cost

function for different values of x.

40



selection and do not modify the results significantly. On the other hand, the lower elasticity
of substitution implies considerably smoother trajectories for all shocks with some remarkable
differences from the baseline parameterization. When a productivity shock arises in the formal
sector, the low elasticity of substitution implies that formal goods consumption falls only by a
minimal proportion generating an initial increase in the aggregate consumption. In this case,
both the medical expenditure and physical capital investment increase on impact to encompass
the productivity gains of the shock and avoid the fall in the formal production.

We compare our baseline results with an exogenous health rate of depreciation of 0.0025
and 0.04, which imply an annual depreciation of the health stock of 1% and 16%, respectively.
In all cases the results are very similar to the benchmark parameterization.

We choose choose two lower than baseline values of the pass-through parameter x to com-
pare our results. In the first case, we set an arbitrary value of 0.1 to see what happens with
a very low degree of pass-through. The results seem robust since only the smoothness of the
impulse-response change without significative qualitative differences from the baseline param-
eter in every shock. But in the extreme an unrealistic case of zero pass-through the main results
change considerably. We analyze in deep this situation in Appendix B.

Finally, we analyze the comparative of our results to different choices of the contribution
to health parameters of each medical good Epr, &c, and Eyc. We compare with settings where
the private medical good and the CSI medical good provides the same marginal contribution
to health but with different contribution for the NCSI medical services. In all cases, the results

are very similar to the baseline parameterization.
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Conclusion

The recent line of research on the macroeconomic effects of healthcare has successfully identi-
fied several factors that drive the growth of the medical sector, such as the rising income levels,
the introduction of new medical technologies, increasing access to and generosity of health
insurances, and the aging of the population. This thesis has attempted to contribute to this lit-
erature by considering how labor status (formal or informal) affects the growth of the medical
sector, based on the fact that this condition is critically tied to the financing of medical services

in developing countries like Mexico.

We build a model of aggregate fluctuations where households choose how much labor to
allocate to formal and informal activities and consume goods produced in each sector. House-
holds accumulate a health capital stock that can be improved by medical expenditures but de-
preciates with labor and exogenous forces. Health stock works as a production input in both
sectors. We analyzed three sources of uncertainty in the model: first, a shock to the aggregate
productivity in the formal sector, second, a health investment productivity shock, and third,
shocks to the cost function of each medical provider.

We found that in response to a positive formal productivity shock, households find it optimal
to invest in their health not through higher spending on medical services but through a reduction
in working time, especially in the formal sector. This effect happens when the increase in the
real wage due to productivity shock is not sufficient to compensate the marginal loss in health
for greater formal working time, so households choose to invest in health capital by working

less in both sectors.

Concerning the health capital investment shock, our model does a reasonably good job of
replicating the increase in medical expenditure carefully studied in the literature. In this case,
we obtain the traditional transmission mechanism, i.e., as medical inputs become more produc-
tive, households reduce their labor time to increases health investment. This effect increases
formal and informal output but with a reallocation of resources from labor market to medi-
cal sector. Government non-medical consumption decreases to finance the greater demand for

public medical services.

Finally, we showed that when a positive cost shock occurs in a medical services firm, the
demand for goods for that firm is reduced, and that of other medical goods increases. This result

follows from the perfect substitutes production function that we have assumed. The increase in
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the price of medical services implies a reduction in the accumulation of health capital, which
reduces the marginal productivity of labor and physical capital, forcing people to work more in
the formal sector even when the real wage has been reduced. Likewise, in the informal sector,
the increased cost of investment in health generates an increase in the labor factor to compensate
for the gradual reduction in health capital. These effects imply a reallocation of resources to
the formal sector of the economy since the increased cost of health capital investment can be
compensated by hiring physical capital.

All our results seems robust to many of the parameters that we have chosen. Different values
for the Frisch elasticity of labor, the exogenous health rate of depreciation, and the contribution
to health of each of the medical goods do not modify our main conclusions. However, our
results do not hold in the extreme an unrealistic case of zero pass-through between the formal
and informal sectors. Similarly, when the degree of elasticity of substitution between formal
and informal goods is low, our results seem week in the face of a formal productivity shock but
robust for all other shocks.

For future work, the way social security fits into our model could be improved. One short-
coming of this is that households receive government contributions regardless of the labor sec-
tor they belong to. Although these schemes may coexist within the same household in real life,
it might be convenient to restrict or better link each social security scheme with employment’s
formal or informal status. One way to implement that setting could be with heterogeneous
households, an idea that has already been explored by Kelly (2020), whose individuals differ
according to age, skill level, and access to employer-provided health insurance for the United
States. Similarly, we could explore the interaction between health and education since there
is strong evidence about the importance of education improving people’s health in the last
century. Another possible extension is relaxing the assumption of perfect competition in the
medical and labor markets.

Despite advances in understanding the determinants of health spending at the aggregate
level, we need to delve more deeply into how these interact with other relevant macroeconomic
variables such as unemployment, market concentration, or medical goods provision. Identify-
ing these relationships is essential for the successful design and implementation of any health

reform, which is of critical importance for many emerging economies.
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Appendix A
Sensitivity figures

In this appendix we present the sensitivity figures complementary to chapter 3.
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Figure A.9: Impulse responses under a positive 1% shock to CSI medical provider cost function

for different values of &,.
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Figure A.12: Impulse responses under a positive 1% shock to health investment productivity
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function for different values of k.
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Figure A.16: Impulse responses under a positive 1% shock to formal technology for different

values of Epr, ¢, and Eyc.
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Figure A.17: Impulse responses under a positive 1% shock to health investment productivity

for different values of Epr, &, and Eyc.
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Figure A.18: Impulse responses under a positive 1% shock to private medical provider cost

function for different values of pr, &c, and Exc.
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Figure A.19: Impulse responses under a positive 1% shock to CSI medical provider cost func-

tion for different values of Epr, Ec, and Eyc.
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Figure A.20: Impulse responses under a positive 1% shock to NCSI medical provider cost

function for different values of pr, &c, and Exc.
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Appendix B

Independent productivity shocks between

sectors

In this appendix, we present some results of the model where the productivity shocks to formal
technology are not pass-through the informal sector. Here we analyze the transition dynamics
for a 1% increase in the productivity of formal and informal goods. We then discuss the results

in light of those obtained in the baseline model.

B.1 Transitional dynamics

B.1.1 Formal productivity shock

Figure B.1 presents the transitional dynamics of a 1% rise in formal productivity. That shock
has an immediate and positive effect on both formal and informal output. Formal output in-
creases on the impact, rising above its steady-state value as more output is produced for given
production inputs. Subsequently, the positive deviation begins to decrease and turns negative
after ten quarters. Just after 40 periods, the production level reaches its steady-state value again.

Formal consumption also instantaneously increases in relation to its steady-state value, but
by a small proportion (almost 0.5%). Subsequently, the deviation continues to increase until it
reaches a maximum (around period five) and gradually decreases thereafter.

Investment instantaneously increases by 6% due to the productivity shock (the shock in-
creases the return to capital), but afterward, investment rapidly declines even below its steady-
state value. Physical capital stock shows a bell-shaped impulse-response function in the first 20
periods. Initially, the increase in investment causes an increase in capital stock (net investment
is positive). However, as investment decreases, the capital stock reaches a maximum, after
which it begins to decrease.

Surprisingly, the formal labor reduces between 0.1 and 0.9 percentage points in the first

15 quarters after the shock (even when the wage has risen), and then gradually increases. The

67



informal labor increases after the shock, but then it falls and follows a similar pattern as the
formal work.

We can see that health expenditures rise considerably, which implies greater health capital
accumulation. The private medical consumption and the CSI medical consumption increase
nearly 1% in first the periods after the shock, and then they become negative for a long time.
The same is true for the NCSI medical consumption, but in greater magnitude, since the initial
increase is almost 4%.

Regarding production factor prices, there is an increase in wages as a result of the gains
in productivity. The real interest rate initially undergoes a slight positive change, given the
increase in the marginal productivity of capital, but later decreases below its steady-state value
due to the process of capital accumulation.

Government spending rises immediately after the shock due to the increase in their earnings
by both taxes (the shock has risen wages, real interest rate, and physical capital accumulation,
some of the main components of government taxation). However, rapidly the government
consumption becomes negative as the formal labor declines and the demand for public medical
services increases.

One way to interpret these results is the following. When the formal productivity positive
shock arises, formal output increases as inputs become more productive. Then it maintains
above their steady-state level because of the greater investment in physical capital and health
capital. However, people choose to substitute formal and informal labor for medical goods
to exploit the gains of the productivity shock. Nevertheless, that kind of investment drives
too many resources to something less productive than labor or physical capital. Consequently,
output falls in the medium-run, reducing formal consumption, investment, and physical capital

accumulation. Eventually, people realized that and started working again.

B.1.2 Informal productivity shock

Figure B.2 presents the transitional dynamics of a 1% rise in informal productivity. As we can
see, the results are very different from the formal productivity shock. The level of informal
output increases on the impact rising above its steady-state value as more output is produced
for given production inputs. Subsequently, the positive deviation begins to decrease but shows
significant persistence over time. After 20 quarters, the informal production level reaches its
steady-state value again. Remember that informal consumption equals informal output, so the
same is true for this kind of consumption.

In clear contrast with the formal productivity shock case, both non-medical production
types follow opposite trajectories. The formal output decreases more than 2% immediately
after the shock and takes almost 20 quarters to reach their pre-shock level. Similarly, formal
consumption also instantaneously decreases in relation to its steady-state value by 2% and

gradually decreases after that. Investment instantaneously decreases by 1% as a result of the
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Figure B.1: Impulse responses under a positive 1% shock to formal technology without pass-
through of technology shocks between sectors.
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productivity shock (the shock reduces the return to capital because it is not an input of informal
production). Physical capital also decreases gradually after the shock as investment reduces.

Here, both forms of labor decrease initially, but formal work is reduced to a greater extent.
After ten quarters, both types of work return to their steady-state values and slightly increases
after that.

The three types of medical consumption decrease immediately after the shock, but with
difference in the magnitudes between them. The CSI medical consumption reaches a minimum
(near 5% below the steady-state level) five quarters after the shock, then increases gradually un-
til it reaches its pre-shock level 20 quarters ahead. The private and the NCSI medical spending
follows a similar pattern but to a lesser extent.

In this case, initially, we see a health capital accumulation above their steady-state level.
This effect is not a direct consequence of more medical spending, as in the first case analyzed,
but a result of fewer working hours in both sectors.

Regarding production factor prices, there is an increase in wages due to the gains in produc-
tivity by the health capital. The real interest rate initially undergoes a slight negative change,
given the decrease in the marginal productivity of capital, but later increases above its steady-
state value as a result of the process of capital shrinkage.

Government spending also follows an opposite trajectory concerning the formal productiv-
ity shock. Immediately, with the decrease in real interest rate, physical capital accumulation,
and formal labor, the government income reduces, and government consumption does the same.
Thereafter, as public medical services demand reduces, the share of public spending invested

in that sector lowers, and eventually, the government consumption turns positive.

B.2 Discussion

As the impulse-response analysis shows, this model presents some undesirable properties: for-
mal labor decreases in response to a formal productivity shock, and there is a little reallocation
effect to the informal sector in this situation.

In the Fernandez and Meza (2015) model, the reallocation of labor to the formal sector in
the face of a productivity shock in that sector is mainly due to the incomplete pass-through
of the shock to the informal sector. In their model, when the shock occurs, both types of
work increase, but because of the incomplete pass-through, eventually more and more people
decide to work in the formality because relative competitiveness increases in this sector, which
generates the reassignment of the labor force between sectors. Given that the shocks are not
correlated in our model, we would expect that the formal productivity shock only affects this
sector in the first instance, generating a more significant reallocation between sectors. However,
this does not happen.

In this case, spending on medical services encompasses a considerable part of the benefits of
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Figure B.2: Impulse responses under a positive 1% shock to informal technology without pass-

through of technology shocks between sectors.
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the productivity shock since, through this investment in health capital, individuals can increase
both types of production. This effect is reinforced by reducing working hours, as this also
contributes to having a higher health capital in the following periods. This combined effect
seems to explain the fall in formal employment.

However, it is essential to remark that this model can replicate the expected reallocation
effect from the formal to the informal sector following a productivity shock in the last sector,
but only when we consider higher 7, values.

On the other hand, this model does a reasonably good job of replicating the increase in
medical expenses (especially with higher levels of ¥;,), both in public and private sectors, due to
a productivity shock (in the formal sector of the economy), as documented by Kelly (2017) for
the case of the US. In fact, except for the impact on the labor market previously discussed, the
effects on the other relevant variables of the model (such as accumulation of physical capital,
wages, and accumulation of health capital) are consistent with those presented by Kelly (2017).

Concerning the medical spending following an informal productivity shock, we saw in
Figure B.2 that our model predicts that an initial increase in the informal sector is associated
with an initial increase in medical spending, but the latter turns negative rapidly. The increase
in informality leads to a greater depreciation of capital in health, but this is initially offset by
reducing capital depreciation due to the reduction of formal work. Such a drop in formal work
counteracts even the reduction in medical expenses initially, but the health capital stock also

ends up falling after some time.
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