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ABSTRACT: This study uses Zon and Muyken’s (2001) model i@stigate the effect of physicians’
decentralization on health care production, hunegital accumulation, and economic growth. The model
includes the health, education, and productionosgcand was calibrated for the Brazilian economg014
with data from National Accounts, the Census aedtazilian National Health System SUS. The aim toas
estimate the impact of the change in the numbghgsicians per 100,000 inhabitants. We consideved f
different groups: municipalities with above anddvel50,000 inhabitants in the south and southeaBtaufil

and similarly for the north and northeast regiofihe country. Our results indicate that increashegnumber

of physicians per 100,000 inhabitants raises tha@my's long-term growth rate, improves the avecpgdity

of health, and increases the proportion of effeckabor in the production of human capital.
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O IMPACTO DA DESCENTRALIZACAO DOS MEDICOS SOBRE OS SERVICOS DE
SAUDE E O CRESCIMENTO ECONOMICO

RESUMO: O trabalho utiliza 0 modelo de Zon e Muyken (20@dra investigar o efeito da descentralizacao
de médicos por habitante sobre a producéo de esrde saude, a acumulagdo de capital humano e o
crescimento econémico. O modelo inclui os setoesalide, educacdo e producdo de outros bens e foi
calibrado para a economia brasileira em 2014 caitnsidas Contas Nacionais, do Censo e do Sistenca Uni
de Saude (SUS). O objetivo € o de estimar o impdatanudanca no namero de médicos por 100.000
habitantes. Foram considerados quatro grupos dtssemunicipios com mais e menos de 50.000 hab#tan

no Sul e Sudeste do Brasil e de maneira similar garegides Norte e Nordeste do pais. Os ressliadicam

qgue aumentar a razdo de médicos por 100.000 hegsittavorece o crescimento econdmico de longo prazo
melhora a qualidade média da saude e aumentaargéopdo trabalho efetivo na producéo de capitaldno.
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1. Introduction

The theory of endogenous growth suggests the iiegrof health production and economic
growth through the accumulation of human capitadle&rease in growth may be explained by health
preferences that are positively influenced byiagiper capita income or by having many physicians
within a country. Growth may even disappear in ¢oags with high rates of health deterioration or
low productivity in the health sector (ZON; MUY SKERO001).

On the other hand, if the health sector is dynameonomic growth will be favored both by
technological progress in this sector and by betteess to the health for the workforce. Health and
education are important factors for developmenhayg affect the production capacity of individuals.
The decentralization of physicians from larger noipalities to smaller ones has the potential to
impact the nation’s health and wellbeing. The nuprealified and healthier, the more productive are
the workers, and consequently the higher the incointiee economy, with more physicians available
to attend to the population. Thus, the latter idgll/e more accessible healthcare.

It is no coincidence, therefore, that educatiod aealth expenditures are two of the most
representative items of public spending in the btgexl world. Education expenditure in the
Organisation for Economic Co-Operation and DevelepnOECD) accounted for 5.2% of the gross
domestic product (GDP), with 4.5% of the GDP fineshdy the public sector, whereas health costs
are approximately 6% of the GDP (WORLD BANK, 2014).

The literature on economic growth has given prmyotit education because of its more direct
correlation with development in papers like Bauifi®l67), Lucas (1988), Romer (1990), and Barro
and Sala-i-Martin (1995). More recently, howevearalth has attracted attention because of its rising
costs associated with aging; therefore, theregseater need for more physicians to attend to this
aging population. Thus, not only education, but &salth is important for economic growth.

According to the endogenous growth model of L{t888), education impacts the formation of
human capital for growth and development. Howefgarpeople to provide effective human capital
services, they must be healthy. Therefore, thetlneall the population in general influences
everyone’s growth and well-being. Health care enbkanwell-being and economic performance
because healthy people increase labor productivity.

This study uses Zon and Muyken’s (2001) model teestigate the effect of physicians’
decentralization of health care production, humapital accumulation, and economic growth. The
model, therefore, includes a health, education paoduction sector. All three sectors are intetegla
since the overall level of health affects workerd the accumulation of human capital, while a highe
level of human capital is related to better quatityhealth. Finally, health and human capital dffec
the output of the economy.

The results appear to be positive from the perspeot economic growth. When the number of
physicians per inhabitant increases, the higheorlavailability raises productivity in the health
sector, which ultimately improves labor produciyitesulting in increased capital accumulation and
economic growth. On the other hand, it is estimabed a reduction in the propensity to consume
when there is a higher portion of the labor foncdhe health sector, that is, when the number of
physicians per inhabitant increases.

This article is organized into seven sections,udiig this introduction. The second section
presents a literature review on decentralizatiomen&as the third on economic growth and health.
The fourth section introduces the endogenous grawattiel used in the study. The fifth section shows
the model calibration performed to reflect how Waeation of the number physicians per inhabitant
affected the Brazilian economy in 2014. The sixdtti®n presents the results and the seventh section
the final considerations and policy suggestions.

2. Decentralization and health

In recent years, the tendency of decentralizatfgrublic expenses has increased, because of its
relationship with the decrease in public spendD@NAHUE, 1997). With decentralization, the
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local institutions have more detailed informatidroat the region’s inhabitants. The public policies
applied may be more efficient because they arectéideto the local population’s preferences and
necessities.

Even if the federal government wants to deceneatzresponsibilities to the state governments,
the latter want the opposite. The equilibrium betwehe two will depend on government legitimacy
and on how strong the institutions are (RODRIGUEZSE; GILL, 2003). In addition to the fact that
strong or weak institutions affect the developma&ntountries differently (NORTH, 1991) verified
empirically for a variety of nations (ACEMOGLU; J&E®DN; ROBINSON, 2001), the culture also
influences economic growth. The culture presentsaasality effect in economic development
according to data analyzed from European regioABHLLINI, 2010). Another important factor is
that political institutions affect corruption legeband therefore, economic growth (FERRAZ; FINAN,
2010).

Central government funds’ transfers to local gowent increase public spending more than
private income (MATTOS; ROCHA; ARVATE, 2011). Thghenomenon is known as flypaper:
higher transfers can induce less efficiency inemtihg taxes than increases in income. Therefoee, t
public finance empirical literature identified thigpaper effect around the 1970s, according to
Mendes and Rocha (2004). This effect is the reogiof lump sum fiscal transfers from subnational
governments, which implies an increase in localipigpending proportionally greater than the one
that would be generated by an equivalent increaggersonal income. Decentralization presents
difficulties, such as externalities, “tax war,” amnifbute exportation. Then, fiscal transfers fromghter
to lower government levels appeared as an impottaitin a vertical and horizontal solution to
imbalances, in addition to the correction of exadities.

The effect of decentralization of public spendimghealth has been studied in various countries.
According to Kruse et al. (2009), in Indonesia, mipalities’ decentralization decreases public
health spending. Besides the spending, how thergment allocated its resources is very relevant.
Further, public policies in the health sector wlififer among municipalities; especially when these
policies are directed to the population with thedst incomes, the effect of decentralization iatesd
to the allocation of scarce resources.

Kruse et al. (2009) suggested that this effebeiag observed throughout different developing
countries with a high number of poor families. Thanagement of these sources will have a positive
or negative impact on the families who need basip the most. Like in Indonesia, the municipalities
in Brazil have a legal responsibility to guaranpeenary care for their population; however, theye i
freedom to decide what taxes should be directeguigic health services. Additionally, these
municipalities are not legally required to justifythe central government how their money is spent;
the justification is given to the municipalitiesagiament.

Meanwhile, in Brazil, there is a significant amowftbureaucracy, with resources locked and
detailed. By locked, we mean that when the ressuate received from the union, it is already
predetermined where the spending will be allocateele is no freedom to allocate the money in the
most efficient way by municipality’s manager. Ori¢te consequences is difficulty managing health
public spending. Naturally, the manager’s abilitytanage influences the allocation of the resources
even with all the bureaucracy, although the coromptvithin the country greatly increases the
inefficiency of public health spending. Furthere flack of punishment for the politicians who steal
money from the people negatively impacts the mai®gation. Therefore, public health, which is
very important to the nation’s development, is gty impacted by these factors. According to
Mosca (2007), decentralization is a public spendigigrminant; territorial decentralization involves
responsibilities’ transfers from the central goveamt to lower government.

In recent years, decentralization is more freqyestudied in the literature. Within the
decentralization context, “economic dividend” pies economic advantages in the transfer of power
from national institutions to lower government |sv¢RODRIGUEZ-POSE; GILL, 2005). This
economic dividend stems from the decentralized agtnations’ ability to adapt public policies to
local needs, generating innovation in the provissdservice through intra-territorial competition,
and also stimulating participation and accountgbiiecreasing the distance between the ones in
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power and their constituencies. Some governmegsems may have negative consequences on
economic allocation. Gains and losses that dewslutan generate are contingent on what
government level is being responsible for a pubditcy.

The subject of devolution is also explored by otlethors. The capacity of regional devolution
to overcome the democratic deficit and to introdacenore effective government is observed by
Morgan (2002). The author’'s paper supports the thgsis that the Northern regions in England
would present a positive economic dividend. Lo@alegnment regulation may provide better results
in economic development compared to higher levelgowernment (JONES, 2001), which means
political interventions managed by municipalitiestates offer more positive results than the e¢ntr
government. The idea of managing a municipalityllyds becoming more accepted among policy
makers and scholars, in order to equalize the en@® deficit on a regional scale. On the other
hand, decentralization of power is giving polititsa incentives to make political decisions
strategically in order for them to obtain more powather than to solve the economic deficit
problem.

Aiming to highlight government quality, RothsteindaTeorell (2008) propose a coherent and
specific definition of government quality, with thenpartiality of institutions that have the
government’s authority. The motivation for suchtady is the fact that a government with strong
institutions tends to influence economic growthifesly, as observed empirically. The idea of
impatrtiality is related to a series of critics mghic management, public choice, multiculturalismg
feminism. The theory of impartiality is observedaigeneral context of government quality, such as
democracy, rule, law, efficiency, and accuracy.

The application of such a theory is studied by @arDijkstra and Lapuente (2014). To measure
government quality, the authors use what is knosviina “European QoG Indéx5ood government
quality is understood to represent a low corruptratex, impartial public services, and rule of law.
Empirically, twenty-seven countries in the Europé&hmon were studied, at the national and lower
levels of government. In this study, Italy and Spavidenced better government quality than that of
the other nations.

To analyze government quality and investment retRodriguez-Pose and Garcilazo (2015)
examine the relationship between local and regigoalernment quality, and regional economic
performance, relating government quality with ainetfund in the European Union. It was possible
to analyze the importance of government quality dsterminant of economic growth, in addition to
the efficiency of structural public spending. Aseault, he observed that better government quality
IS more important to regional development than taltil public investment.

Corruption affects the allocation of resources ififecent countries, especially in Brazil. With
this in mind, Ferraz and Finan (2008) measure tidtsl effects, finished and published in the
election results. According to the authors, du20§3, the Brazilian federal government started to
select municipalities randomly to audit their spegdwith resources from the federal transfer. This
auditing was part of a national program againstugiion and its outcomes were released publicly.
Comparing the election results of audited munidiiesl before versus after the 2004 election, with
the same level of reported corruption, it was evgael that the audit had a significant impact in the
elections. As a result, it was possible to obséne¢ a more informed electorate, in addition to the
present media, such as the radio that releaseatlithieresults, plays an important role in the ébect

Still, the government revenue and political corraptre evidenced in the work of Brollo (2010).
The authors observed that federal transfers torgavent municipalities change according to the
population. To measure the causality effect of éiglederal transfers on political corruption and
characteristics of political candidates at the lldegel, they used a discontinuity regression. As a
result, according to their theory, higher transfecsease political corruption and decrease théitgua
of candidates running for mayor.

How the money is allocated to the health sectekiremely important, because good health care
contributes to individuals’ well-being. The headtbctor directly affects the economy, and increases
in health expenses have created great challenges, fer countries with a high quality of life
(PHELPS, 2016). With decentralization in mind, iddaion to health expenses, the number of
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decentralized physicians may increase a natiorédthheuality. Thus, allocating physicians from
capital cities to small municipalities will provida opportunity for the poor families to have basic
health care. Until the middle of the last centurgre was no health system in Brazil. Only the rich
families were treated in private institutions. Haee with Sistema Unico de Saude (SUS), a unique
health system was founded and guaranteed by trerddddtazilian Constitution of 1988, a universal,
free public health system. Especially, Programad8aia Familia (PSF) is a program that gives
primary care to almost every single municipalitghe nation, which comprises 5,295 municipalities.
One of the positive results was that mortality bfectious diseases decreased from 23% of total
deaths in 1970 to less than 4% in 2007. Despiteesafi®US’s successes, there are serious problems
such as lack of investment, corruption, mismanagénand lack of human resources, especially
physicians (ALMEIDA-FILHO, 2011).

3. Economic growth and health

Health has been a priority in the public and pevakpenditures of developed countries.
According to OECD (2016), on average, the counindble organization spent 9% of their GDP on
health in 2015, with the highest spending in théééhStates (16.9% of GDP), Switzerland (11.5%
of GDP), and Japan (11.2% of GDP). Brazilian nursleme very close to the average for rich
countries. According to OECD (2015), Brazil sperit9® of its GDP in 2013 on health.

However, given income differences, per capita eggare in US dollars is much higher in
OECD than in Brazil. In 2015, the average per @apipenditure in OECD reached US$ 3,815,
whereas in Brazil it was only US$ 1,471 in 2013.

The public sector is the main funder of health sipgmn In OECD, of the 9% of GDP earmarked
for health, 73% comes from governments (6.6% of i3DRus, 15% of all OECD public spending
goes to the health sector. In Brazil, 46% of thalthespending was financed by public resources in
2012, so the health sector accounted for only 709%e total public spending in that year (WHO,
2015).

Health has therefore played a central role in lgaternment and household spending. One of
the main theoretical motivations for public spemgdion health is related to the economy. The
hypothesis is that a healthy population will be eyaroductive and capable of generating more wealth
for the country. However, it took time for healthldie considered an important factor for economic
growth. It is only in the twenty-first century théte subject has become a central one for growth
economists.

Initially, health was incorporated in growth mod#isough human capital. Health affects labor
supply, either through working hours or labor mapeaaticipation. The consequence of this modeling
strategy is predictable: the higher the overallthethe greater the human capital and the higher t
rate of economic growth. Good health is importansaistain high levels of human capital, with
positive effects on productivity and growth (LOPERJVERA; CURRAIS, 2005). A healthy
workforce would be less prone to disease and malengvto work. Raising productivity by
improving workers' health would be greater for malmuorkers, so an increase in health care services
may have a particularly significant impact on tihewgh rates of less developed countries.

The second connection between health and growtensography. Improved health not only
allows an increase in life expectancy but alsonangiase in the number of productive years for each
worker. On the other hand, better health meansciedwchild mortality. Considering these two
effects, health improvement helps population growtie of the foundations of economic growth.
Still, in the same vein, better health also favgrewth by increasing life expectancy, which
encourages the population to save more, with pestifects on capital accumulatiGVEIL, 2005).

Positive externalities associated with health atgzact economic growth. An individual’s level
of health does not only depend on whether he ocates for himself or herself, but also depends on
the general state of health in the entire poputaliow levels in the general health of the popolati
can not only reduce human capital but also nedgtimtuence production, reducing investment and
the accumulation of physical capital. Lucas’s (198®del, although not directly concerned with
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health, has been the most relevant theoreticas lnasihe development of endogenous growth models
related to health.

However, the literature is not unanimous regardggpositive relationship between health and
growth. Zon and Muysken (2001) argue that the hesdttor is not a productive activity and that it
competes with production activities for scarce ueses in the economy. They suggest that when
health is incorporated in the utility function, thedationship between health and economic growth
may be negative.

Empirical analysis reinforces the relationship edw growth and health. Studies with a panel
of countries for the period between 1960 and 188%d a positive correlation between health and
economic growth, for example, both Knowles and O{#&995) and Mankiw et al. (1992). Similar
models, such as those by Rivera and Currais (1888)Hashamati (2001), suggest that health
spending has a positive impact on growth in OECintides. Another study with a panel of countries
for the period between 1960 and 1990 concludedgbatl health has a positive and statistically
significant impact on aggregate output (BLOOM; CAINIS; SEVILLA, 2004). A similar result was
found in Latin America, in the relation between ttmmposition of public expenditures and the
economic growth of Latin American countries betw2600 and 2010. The countries that allocated
more resources to health had higher rates of grgM&CEDO; BEUREN, 2013).

In the national literature, two papers found cortgdledifferent results: Mora and Barona (2000)
and Cermefio (2000). Both studies estimate theaoalaetween growth and health for the Brazilian
states. Mora and Barona (2000) use the Barro md®8l6) and Cermefio (2000) the model of
Mankiw, Romer, and Weil (1992). Interestingly, Mosmd Barona (2000) found a negative
relationship between growth and health, whereasn€@o (2000) suggested a positive relationship
between the two variables. Another study, Figueiretthl. (2003), investigated whether health status
impacted Brazilian economic growth in the 1990s€dobon an econometric estimation of the Solow
model (1956). According to the results of the stutBalth status contributes directly and positively
to economic growth but also influences the accutimriaf human capital. A worsening health status
tends to reduce the positive impact of educatiogromth.

The present study contributes to the Braziliandiigre by analyzing the influence of the health
sector on growth with an endogenous growth modet fiational literature has focused on applied
econometric studies, and the use of endogenoustlymmedels represents an innovation in Brazil.
These models allow us to capture the externalitie¢se health sector, as well as its influencehen t
accumulation of human capital and output.

4. Model
4.1. Longevity

The model is based on van Zon and Muysken (20019.pbpulation is divided into two parts:
young people who work in the production of outfhdalth services, and human capital formation,
and old people who consume output and health ssrvieeople live up to age and are active in
production up to aga. It is assumed that in every periodheople are born livingyears, with health
g and human capit&l. By hypothesis, longevity is proportional to the average health leyef the
population. Therefore

T=p-g 1)
whereu is a constant. Inactive people are equalTte- A) - n, and an increase in longevity will
increase the number of inactive people in the eegnancreasing the consumption of health services.

In the steady state, the population remains congtaat is, the number of births per period eqtias
number of deaths.
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The utility function considers the link between lieadongevity, and total population size:

o 1-6
U= e (gD d 0<0<1 2)

(1= 9)

wherep is the discount rate aridd the intertemporal substitution elasticity< y < 1 measures the
relative contribution of health to utility is total private consumption, wherdas n - T is the size
of the population. Note, therefore, that longeistgn implicit argument of the utility function, vein
contributes positively to the households’ welfarae total effective labor supply, which considers
the level of human capital and the quality of heak thereforér- g - n - A.

4.2. Production of health services

To integrate health and growth in the context afagenous growth, productivity is considered
to increase due to human capital accumulation aatedsing returns. It is assumed that the
production of health services is performed by ma&dipecializations so that a fractionof effective
work is employed in the production of knowledgentédical specialization It is assumed that the
number of medical specializations is proportiomalhte size of human capitdl,= - h. Thus, the
average increase in the level of health qualigiven by:

hm A
_ﬁ B=1-(\B.71-B.h. P
T [ wthgn T dim e G = G e “
Y is the productivity parameter amdhe fraction of the total effective labor suppi@oyed in the
health sector. Further, the inequalily< f < 1 ensures the existence of decreasing returns in the
production of health services.

The increase in the general level of health andicaédpecializations also has costs. The more
specialties, the greater the demand for medica&, ehich includes an increase in visits to doctors
and a growing number of lab exams. These lead tedaction in the number of jobs due to
technological developments. It is assumed that tbgs is proportional to the number of
specializations by a factar

d
R A @
It is then possible to obtain the steady-statetheplality level:

A
g*:%.(r)ﬁ.vﬁzzo.vﬁ (5)

wherez, = % (7:;#)[”. Note that the more work assigned to productiahénhealth sector, the higher
the quality of health.

4.3. Output and human capital accumulation
The production function can be represented by ebdaduglas function:

Y=B-[1l-u—-v)-h-g-n-A]%-K'@ (6)
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whereY represents outpuk is the capital stock, and is a constant productivity parameter. The
fraction (1-u-v)of the labor supply is used in the output, andrémeaining fractionsi andv are used
on human capital accumulation and production ofthesrvices, respectively.

The process of human capital accumulation consitlersealth of the population:

dh
—=5'u-g-h (7)

whereJ is the productivity parameter. Finally, the accletion of physical capital is given by:

dK
v 8
= Y -C (8)

4.4. Model solution

To fit the model, Social Planner should maximizeeitemporal utility (2) with respect g u,
andyv, subject to conditions (6), (7), (8) and (4).

Therefore, after obtaining the first-order condigpthe steady-state solution of the model must
satisfy the following simultaneous equations:

c?—ac+a(l—a)(1—-0)A—y)/(0+ (1 —06)2y)

v =
c? — ac+(lzﬁ)a(l—a)(l—9)(1—)/)/(9+(1—9)2y ®)
_ 1-a)'r (10)
_(9+ y(1—9))-r+ p
§(1 — v)zyvP —-p O6g°(A—-v)—0p 11D
T o+ y(1-6) 6+ y(1l-0)
u=11_—;(1—v) (12)

wherec is the average propensity to consume raiscthe balanced growth rate of the economy.
5. Calibration

For calibrating the model, most information is takeom Instituto Brasileiro de Geografia e
Estatistica’s (IBGE) National Accounts 2014. Theneated population for each municipality in the
country is also taken from IBGE (2014), and sonrampeters were acquired from the literature. For
coherence, all the data used in the present sttelyrem 2014, because that is the most recent
National Accounts data. The number of physiciaresich municipality was acquired from Cnes Data
SUS 2014, because of the 2010 Census, but theginomiany missing values for the number of
physicians. That is because in the Cnes database physicians are registered in more than one
municipality, which may receive funds from the goweent for these physicians to attend to the
people. However, many of these physicians do noiwalp for work at the appropriate time, and in
some hospitals, they even never see patients uglthihhey should.

As mentioned above, the Census does not have eseqative number of physicians because
there are too many missing values. A very high remolb municipalities do not have any physicians,
especially the ones with low estimated populatiand with low-wage families. The number of
physicians from the Cnes SUS database is pragtida#l same to that in the Federal Council of
Medicine in Brazil, approximately 350 thousand Blrhased physicians, which ensures that Cnes
SUS is a reliable database. The data from CendB& MBere analyzed in detail for every Brazilian
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state in a separate dataset. The estimated papulatieach municipality was combined with the
number of physicians in the Cnes SUS data seh®ordspective municipality.

For the calibration, the endogenous variabielfas a fixed value and represents the number of
physicians divided by 100,000 inhabitants; thdifferent from the ¥’ used in the Zon and Muysken
(2001), because in their study the Variable represented the total number of worlkerthe health
sector divided by all workers in all sectors. Thason for this is that in the present study, Indte®
investigate how the economy reacts when allocairiggher or lower number of physicians per
inhabitant to different municipalities in each @y We divide municipalities into those with
estimated population above fifty thousand inhali#amd those with an estimated population below
fifty thousand. In both cases, the calibrationase for the municipalities in the South and Sowhea
regions together; the North and Northeast regioesabso investigated together. The fifty thousand
inhabitants cut off is a good measure because @iogpto IBGE, approximately 90% of Brazilian
municipalities have a population below 50 thousahabitants.

The Center region of Brazil has not been evalubtmduse we are interested in comparing the
less developed regions of Brazil, North and Norshet the more developed regions, South and
Southeast.

For the simulation,V’ is replaced by the number of physicians of th@ltcountry divided by
100,000 inhabitants. The same steps are perforlmedighout all the four calibrations and four
simulations. Thus, the first calibration studiesnvhthe fixed value of physicians’ number per
inhabitant in municipalities of more than fifty tigand inhabitants in the South and Southeast region
affect economic growth.

Then, for the simulation, the number of physiciamshe country per 100,000 inhabitants is
substituted for the former “v” value to observe htve economic variables react. The second
calibration is done with the same region but fonmipalities with a population below fifty thousand
The third calibration is done for the municipaktigithin the North and Northeast regions with
inhabitants above fifty thousand, and the fouriibecation, for the same region but for municip&igi
with below fifty thousand inhabitants. In all simtibns, the samev® value is replaced by the old
value of v, which is the national value for the raeanof physicians per 100,000 inhabitants.

The average propensity of consumption, ¢, was ket using the consumption/GDP ratio
obtained from the National Accounts= 0.6152 The balanced growth rate,was calculated from
the last 20 years’ average GDP growth rate,3.055%. The discount rate was estimatedpas
0.019 This value comes from the equatigns= -log(1/(1+R), in which R is the real interest rate
calculated by the difference between the accumaiBtazilian national interest rate (Selic) in 2014,
10.96%, and IPCA (inflation) in 2014, 6.40% (BACERD14), that is, 10.96% - 6.40% = 4.56%.
With R = 4.56%, substituting into the equation gop = 0.019.

The proportion of capital income in the output a0 obtained from the National Accounts of
2014,a = 0.33 additionally, as an assumption, we h@ve « = 0.33.With this information, we can
calculate the relative contribution of health tdityt y, and the inverse elasticity of substitutién
through equations (9) and (10) simultaneously, Wihyives the values of = 0.89 and# = 2.089.
From equation (11), it is possible to calculatelthwe! of health quality at steady stagg= 0.5333,
assuming that the productivity parametgris equal to 0.1. Using the equatigh= z, - v#, results
in z, = 3.848. Finally, from equation (12), it is podsibo obtain the participation of effective labor
in the production of human capital= 0.5729 The same steps are repeated to investigate ttie No
and Northeast regions.

6. Results

To estimate the impact of the change in the nundlbgshysicians per 100,000 inhabitants,
represented by, the newv, v = 0.0211 which is the total number of physicians in theroy per
100,000 inhabitants, is substituted back into tipeations in place of the ol v = 0.0317 which
represented the number of physicians per 100,d@bitants into municipalities with a population
above 50 thousand. The same is done later, fddomndn and Northeast regions together.

Revista Brasileira de Estudos Regionais e Urbawok,12, n. 3, pp. 277-291, 2018



André Luiz Ribeiro Coutinho Berardo de Moraes Coelhatiane Almeida de Menezes, Nelson Leitdo Paes 28€

The four equilibrium equations—(9) to (12)—are swlwsimultaneously with the results in the
Table 1.

Table 1 shows the results for the municipalitiethvei population above 50 thousand from the
Southeast and South regions of Brazil. The citiethése regions are populous, and the number of
physicians is also high. Thus, the number of phgsgper 100,000 inhabitants is higher compared
to the national number. As a result, when the fixalde ofv, from the final steady state, representing
the national number, is substituted for the figue ofv, it is implied that the new value wofis less
than the previous one. Therefore, as the valuedeicreases, the balanced growth rate decreases, as
expected. The level of health quality decreaseaumsxnow there are fewer physicians than before.
The inverse relation between the average propetsitpnsume and the number of physicians per
100,000 inhabitants is also noticeable, with v dasing and increasing.

Table 1 - Municipalities with a population above 5aGhousand, South and Southeast Regions

Variable Initial Steady State  Final Steady State
Balanced growth rate) 3.05% 2.49%
Level of health qualityd*) 53.32% 46.95%
Participation of effective labor in the productiohhuman capitalu) 57.29% 53.04%
Number of physicians per 100,000 inhabitamjs ( 0.0317 0.0211
Average propensity to consume (c) 61.52% 68.22%

Source: Author’s calculations.

Table 2 - Municipalities with a population below 50thousand, South and Southeast Regions

Variable Initial Steady State  Final Steady State
Balanced growth rate’f 3.05% 4.12%
Level of health qualityd*) 53.24% 65.19%
Participation of effective labor in the productiohhuman capitalu) 57.38% 63.15%
Number of physicians per 100,000 inhabitamjs ( 0.0114 0.0211
Average propensity to consume (c) 61.52% 52.00%

Source: Author’s calculations.

The same regions are studied in Table 2. The mpalites analyzed have a population below
50 thousand, which explains why the valuer ofcreased. As a result, the balanced growth rate al
increased, and so did the level of health quaditlyce there are more physicians to attend to the
population. Whenv increases, the average propensity to consume ad®se as observed.
Additionally, the participation of effective labor the production of human capital also increases.

Table 3 - Municipalities with a population above 5@housand, North and Northeast Regions

Variable Initial Steady State  Final Steady State
Balanced growth rate’f 3.05% 3.23%
Level of health qualityd*) 53.28% 55.30%
Participation of effective labor in the productiohhuman capitalu) 57.34% 58.50%
Number of physicians per 100,000 inhabitamjs ( 0.0188 0.0211
Average propensity to consume (c) 61.52% 59.65%

Source: Author’s elaboration.
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As regards Table 3, the municipalities with a pagioh above 50 thousand, in the North and
Northeast regions present a number of physician& @& 000 inhabitants still less than the national
average. Because v increases the balanced growth nacreases. It is intuitive that now, with raor
physicians, the level of health quality increasssshown in Table 3. Further, the average propensit
to consume decreases. The participation of effeckbor in the production of human capital
increases by a little.

Table 4 - Municipalities with a population below 50thousand, North and Northeast Regions

Variable Initial Steady State  Final Steady State
Balanced growth rate’f 3.05% 5.46%

Level of health qualityd*) 53.33% 80.20%
Participation of effective labor in the productiohhuman capitalu) 57.29% 68.03%
Number of physicians per 100,000 inhabitamjs ( 0.0061 0.0211
Average propensity to consume (c) 61.52% 43.91%

Source: Author’s calculations.

Finally, Table 4 analyzes the last situation, muypalities with a population below 50 thousand
located in the North and Northeast regions. In ¢hise, the variation in the transition from théiahi
to the final steady state is the highest compacethé other situations. Part of this is because
physicians are in the North and Northeast for mpaities with a population below 50 thousand.
Thus, in the simulation, the value of v, the legélhealth quality, and also the balanced growth
increases, whereas propensity to consume decrebisesparticipation of effective labor in the
production of human capital increases.

Table 5 — Consolidated results

South and Southeast North and Northeast
Municip. Pop. Municip. Pop. Municip. Pop. Municip. Pop.
Variable Below 50,000 Above 50,000 Below 50,000 Above 50,000
Initial Final Initial Final Initial Final Initial Final
S. S. S.S. S.S. S. S. S. S. S.S. S.S. S. S.
Balanced growth rate’Y 3.05% 4.12%  3.05% 249%  3.05% 5.46% 3.05% 3.23%
Level of health qualitydg*) 53.24% 65.19% 53.32% 46.95% 53.33% 80.20% 53.2835.30%

Participation of effective labor

the production of human capi 57.38% 63.15% 57.29% 53.04% 57.29% 68.03% 57.34%.5058
(W)

Number of physicians

p
100,000 inhabitantsi) 0.0114 0.0211 0.0317 0.0211 0.0061 0.0211 0.01880214Q.

'?C‘;erage propensity 0 CONSUl g1 5000 52009 61.52% 68.22% 61.52% 43.91% 61.52%.6530

Source: Author’s calculations.

In general, the model predicts that increasingniln@ber of physicians per 100,000 inhabitants
raises the economy's long-term growth rate, impdlie average quality of health, and increases the
share of effective labor in the production of hunwapital. On the other hand, it reduces the
participation of effective labor employed in theguction of health services and the propensity to
consume.
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The mechanisms behind these results are as follbwesincrease in the number of physicians in
a municipality increases the productivity of thealtle sector. The hypothesis is that with more
effective work the sector becomes more productrethe other hand, the amount of effective work
allocated to the health sector decreases due reased productivity. The net effect is an increase
the general level of health;, and a reduction in the fraction of effective Iabeed in the production
of health servicey.

The expansion of the average level of health paditiaffects the production of human capital,
per equation (7). Workers of better overall healithbe able to become more productive. The result
is an increase in the rate of accumulation of huoaguital. The increase in this rate raises the dema
for effective labor in this sector. In this waylaager fraction of the effective labor is used toquce
human capital, that is, increases.

On the demand side, the average propensity to aoast) tends to decrease. This is because the
increased productivity of the health services geatal the human capital accumulation sector make
an investment in both sectors more interestingtisgiresources from consumption to investment. It
is important to realize that there will be no dasein consumption since the output will grow fgste
but consumption will represent a slightly lower gantage of GDP.

In summary, the increase in the number of physgciamproves the level of workers’ health with
a positive impact on the accumulation of humantehpnd on investment in physical capital, which
allows for an increase in the growth rate of theneeny.

7. Conclusions

This study used the model of Zon and Muysken (2@@1nvestigate the effect of increasing or
decreasing the value ofin different regions, the number of physiciansididd by its respective
municipality, on the production of health servidbg accumulation of human capital, and economic
growth in Brazil. All three sectors are interretjtsince the overall level of health affects wosker
and the accumulation of human capital, whereaglaehilevel of human capital is related to better
quality of health. Finally, health and human cdpaféect the output of the economy.

The results appear to be positive from the viewpoireconomic growth. In general, the model
predicts that an increase in the number of physécfavors economic growth by raising the level of
workers' health, which is associated with an ineega human and physical capital. Human capital
grows through the increase in the number of worketise production of human capital, whereas the
investment in physical capital grows through thdustion of the average propensity to consume.

Brazil's health spending as a proportion of GDEamparable to those of rich OECD countries.
However, investment in the public sector is rekfivsmall, accounting for less than half of the
expenditure, whereas in developed countries al#tosf the total expenditure is disbursed to the
public sector. In fact, these figures indicateltve quality of Brazilian public health, a resultlofv
investment and the population's efforts to paypforate plans to have better care. What this amalys
suggests is that a more pronounced effort for pugactor investment in health can help the Brazilia
economy to increase its rate of growth. The fedgmalernment could allocate the physicians of
different municipalities throughout all the staiieshe country to make the number of physicians per
inhabitant more homogenous. Increasing the numibehysicians in municipalities that need them
the most would influence economic growth.

The decentralization of physicians from denser wipalities to smaller ones positively impacts
the health and wellbeing of the population overélis necessary to formulate a public policy that
allocates the physicians within the country mofeiently; the suggested proposal is federal public
tender for physicians. The public contest wouldcdte the physicians in a better way; as a result,
the number of physicians per inhabitant would iaseein municipalities with greater need for these
professionals. Therefore, decentralizing the phgsg would better attend to the population,
especially the poor who live in municipalities widw inhabitants and with almost no physicians.
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