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Balancing investments in public service personnel and its healthcare
provision output: an efficiency analysis for Brazilian municipalities

Bernardo Alves Furtado, PHD
Institute of Applied Economic Research (IPEA)

Abstract. Brazil has constitutionally adopted a Unified HeaSystem (SUS) since 1988.
SUS is designed so that central government, statdsmunicipalities together offer public,
free for all, full health coverage. The complexégd territorial arrangement of SUS have
been developed in such a way that each governnueiyt lias its specific obligations within
the system. This legal framework establishes that municipalities are competent and
responsible for providing basic health attentiomdemgeneral guidance of federal policy.
Within this context, the objective of this papetasestimate how efficiently and under which
determinants municipalities’ personnel expendituags correlated to increases in health
service provision results in the period 2000-201®.order to do that, firstly, spatial
exploratory analysis is applied to data from twdfedent official sources on municipal
personnel expenditure. The spatial analysis enaldgghts into the quality of the expenditure
information as well as its heterogeneous spatsstridution. The data used comes from (a)
municipal data demanded by the National Treasudefanrcountancy Justice Department and
(b) labor social information compiled by the Mimstof Labor. Secondly, a Data
Envelopment Analysis (DEA) is performed to evaluatenicipal expenditure against health
provision indicators. Finally, a regression isdittto identify which elements suggested in the
literature are the most influential on the techhieféiciency for the Brazilian municipalities.
The results confirm (a) that there are high-levefsheterogeneity related to levels of
expenditure and basic health achievements; (b)hHbalth provision has not improved for
nearly half of the municipalities; (c) that spatgtterns of efficiency are not immediately
correlated to economic performance, but are sgetdfilocal idiosyncrasies; (d) and that
determinants of efficiency are concentrated on taan factors: growth rate of population
and GDP. In general, the analysis demonstratesptifaic provision of services in Brazil is
highly heterogeneous with a lack of clear spatgtgyn, nor clear determinants. This, in turn,
generates cases of local expertise that can beasslkenchmarking, but it also makes explicit
deficiencies that should be specifically tackledpolic policy design.
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1. Introduction 2

The Brazilian Unified Health System (SUS) was dstabd by the Constitution in 1988. It
was planned to be a “regionalized and hierarchiedbvork constituting a unified system”
(BRASIL, 1988). SUS was also designed to providecwverage, in a decentralized structure
and with community involvement. Since its estabhght, legislation and actual government
procedures and practices within SUS have been egdatd amelioratedito better comply
with the constitutional mandate. The municipalitiesvithin the decentralized scheme — are
responsible for health basic care, whereas staigdealeral entities focus on more complex
health assistance procedurés.

Given the SUS context, the objective of this papdo gather details on the financial
and personnel municipal framework and the produesdlts in terms of basic health services
provision. Thus, this is a structure-descriptiv@grathat intends to shed light on the patterns
of efficiency and its determinants on health achmeents for the heterogeneous group of
municipalities in Brazil. Data Envelopment Analy$iBEA) is used in a first stage to enable
construction of an efficiency indicator. Then aetstinant analysis follows — using a typical
regression to further understand the elementsctirapose the estimated efficiency.

There is precise, numerous and spatially-detaileth é@vailable for current public
policy studies in Brazil. However, there are notnaany analyses that are able to associate
efficiency of public administrations, especially thie subnational level(Afonso; Romero;
Monsalve, 2013). In fact, an intriguing questiontl literature is how public expenditure
and health provision correlate (Pita Barros, 1988what the main determinants of the
efficiency of the expenditure are (Afonso; SchulrecTanzi, 2010; Paradekar, 2006).
Specifically to the analyses of health and edunatie services Hauner and Kyobe (2008)
advocate that efficiency actually decreases with kwvel of expenditure. Some of the
advantage of Taiwan in health provision efficiewegs based on its smaller expenditure in
personnel (Wang; Chen; Huang, 2011).

In this proposal we characterize the municipalitedslity to perform public services
in terms of two broad components related to the etany size and quality of the workforce;
and another one specific to investment on basidtthemre. Thus, not only immediate

expenditure on service is considered as attriduie,also we are aiming at associating the

% This paper presents intermediate results in aptdhat is still being developed.

3 Further legal basis were provided by Laws 8080/90and 8.142/90
(http://portal.saude.gov.br/portal/saude/area.cfnétida=161

* For details of the Unified Health System we rdfex reader to Paim et. #2011), Piola et. al(2009) and the
site of the Healthy Ministry in Brazil at www.saudev.br.
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personnel capacity at the municipality level withoguced results. This association of
personnel and output can work both ways: (a) ithinigke a better paid, larger workforce to
achieve a mean delivery of output, as well as @hieve similar levels of service with a

smaller, more poorly paid workforce. Besides thg,understand that the working force of a
given municipality is a central element in prodgcioetter or worse results. Therefore, the
need to clarify likely correlations among monetagjues and service provided. Finally, we
focus on the dynamics of the achievements of theicipalities as we look into the observed
change for inputs and output, rather than absédwtd variables.

The idea of this study is to compose a panoran@erdonnel expenditure data at the
municipality level that together with health speciéxpenditure can be used as input to a
health system that provides as output better nusndfeshildren survival.

Besides this introduction, the data used is desdrib section II, the methodology is
detailed in section Ill. In section IV the resu#iee presented and discussed and section V
concludes the paper.

2. Methodology and models

a. DEA

Data Envelopment Analysis (DEA) has been useddorestime in the literature when there is
a need for comparison among firms and industrieskBr; Charnes; Cooper, 1984; Bogetoft;
Otto, 2011; Farrell, 1957; Lavado; Lagrada; Goz2@]11). DEA has also been applied to
evaluate efficiency of municipal bodies (Borger, ;Diéerstens, 1996) and Brazilian
subnational level (Boueri; Carvalho; Silva, 200®&s@arini; Miranda, 2011; Miranda, 2006).

In this study we take advantage of the fact thaA[RBables the use of multiple inputs
that together constitute one output. Further, waalohave to imposa priori information on
the data, especially given the fact that we hav&mawledge of the technology set used to
transform inputs into output. All input variablegeavithin the realm of decision-making of
the municipality. DEA is useful in the sense thialets us use the flexibility of a non-
parametric method to explore the data

In the application, we make the weakest assummtioro rescaling — that is, variable
returns to scale (vrs§. We also used an input-output model which seeksirmiltaneously

increase inputs and outputs combined in one simglasure, called by Bogetoft and Otto as a

® Thus, being preferable in the case at hand theStbchastic Frontier Analysis (Bogetoft; Otto, 201
® We are also assuming convexity and free dispdsabiRS is also called BBC model, following Banketr al.
(1984).
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“graph hyperbolic measure of technical efficien@011, p. 31).” All estimations were made
in software R, using the library “Benchmarking” Bgter Bogetoft and Lars Otto.

Basically, we model the evolution in time (2000-@DDf indicators of personnel
payment and health expenditure as inputs and hemtihision as output (equation 1).
Personnel payment is characterized as both (gwlege annual growth rate (2000-2010) of
the monthly salary paid to public workers of eachniaipality A(meansalary), and (b) the
average annual growth rate (2002-2010) of monthlyra@l of each municipality weighted by
populationA(payrollper Capl-ta) . Health expenditure is characterized by the awemmual
growth rate (2000-2010) of total municipal expeunrtin health, also weighted by population
A(HealthExpensesSper capita)-

The output is given by the average annual growth o& the percentage of death of
children (0 — 4 years old) that could not have baesided in relation to the total of deaths
A(%NonAvoidableDeaths). That is, we consider the desired outcome to be when
municipality is proportionally decreasing the numloé deaths of children that are clearly
avoidable.As it is, we are able to work with an output thatmsnarizes the quality, not the

quantity, of health service provision.

Equation 1 — DEA inputs and output
A(Meansalary) + A(Payrollper Capl-ta) + A(HealthExpensesSper capita)
= A(%NonAvoidableDeaths)

b. Determinants

The determinants chosen to characterize the muatitigs in this first exercise came from the
literature in efficiency in general and previousrisers of municipalities’ efficiency. Thus, we
follow the literature on efficiency of public seceis provision (Afonso; Fernandes, 2008;
Balaguer-Coll; Prior; Tortosa-Ausina, 2010, 2007urtkdo, 2012), on educational
performance and public expenditure (Paradekar, 20&fficiency on health considering
family income (Sousa; St@$i2005) and efficiency on health for Brazil (Miran@006).

Based on the review of this literature, we includedhe model the attributes that
characterize the municipality at the baseline af period analysis (2000), plus the growth

rates of both population and GDP to help desctigedynamics (equation 2). The variables

"6 =min{G >0[(G,2y) €T}

1
G
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together bring elements of urbanity (proportiorudfan population), production (growth rate
of GDP), economic purchase power (average familedme), general families’ quality of
life index (Municipal Human Development Index), esiZnumber of inhabitants), and
demographic dynamics (average annual growth ratehaibitants). The source of the data is
the official statistics institute of Brazil (IBGE).

The proportion of urban populatioarban_prop is estimated considering the official
urban division applied in Brazilian census. Therage annual growth rate of GDBJP-
_growth is calculated at constant market prices of 2@@g the implicit price deflator of
GDP. Similarly the inhabitants’ variation is theesage annual growth rate of inhabitants
(delta_pop and inhabitants in 200@@p_2000.

The economic purchase powendome 200D is the average of the municipalities’
families’ income per capita also in reals (R$) 60@. Finally, the Human Development Index
at the municipality level is estimated by the Uditéations Development Program in Brazil
as the mean of its three sub-indexes: longevitycation and incomedhm_2000.

Besides the structural variables, the model alsbtbaccount for the heterogeneity of
municipalities in Brazil, thus we included a numieérdummiesto express each one of the
States, cities with less than 50 thousand inhatsitand a single dummy for the city of Rio de
Janeiro (the largest in the sample) (table 1). Sthee of reference is S&o Paulo.

Equation 2 — Regression Model
Efficiency = a + B Urban,,,, + BrIncomeygoo + f3HDIM,000 + B4P0D2000
+ BsA(Population) + BgA(GDP) + Dummies

3. Case study

This section aims at describing and detailing tifier@nt data sources used in the paper, the
exploratory data analysis made, as well as theltsegmoduced. All variation data was
calculated by average annual growth rate, thus liequa data with different time-period.
Inflation adjustment was applied to currency valusisg the IPCA? price index.

A summary table of the data used is presenteddasulissed in the last part of this

section.

8 Brazilian Institute of Geography and Statisticsnwwibge.gov.br.
° www.undp.org.br
91pCA is the official inflation index for Brazil. I\prices were set in reals for September 2010.
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a. Data: Mean salary

The mean salary of public workers of the municipesi was extracted from the database of
Annual List of Social Information (RAIS). This datse is made available every year by the
Ministry of Labor and contains information on tharrhal workforce of Brazil, containing
data on salary, schooling, admissions and layoffs)pany data, and employee position.

We used the list containing the identification @N?) of all 5,565 municipalities’
administration information provided by the Natiorfadrum of Municipalities? Thus, we
estimated for each municipality the mean salargived by all workers classified as public

workers®®

b. Data: Payroll per capita

Payroll per capita — the sum of all salaries paigublic workers weighted by population —
was estimated using information provided by thebase collected by the Treasury National
Secretary (STN). However, the database does ndfaicoiformation on a number of
municipalities.

In order to work with the complete set of municipas, we used the database built by
Orair et. al. (2011)** The authors used state information associated laitl legal sources
and clustering analysis to estimate the data fonifssing municipalities?

Given the data available, the average annual ¢roatie was made for the period
2002-2010'°

The payroll was estimated using the code 3.1.9001Which provides information on

salaries and benefits of public workers.

c. Data: Health expenditure

Total health expenditure per capita per municipaits extracted directly from Health of

Ministry. *’

X CNPJ stands for Legal Entity National DatabaBadastro Nacional da Pessoa Juridjcand it is the main
company identification in Brazil.

2 http://www.fnp.org.br/

3 Some of the municipalites might not have compjetiled in the information on RAIS database.
Alternatively, we compared the results of mean ryaéstimated using census information and the Matio
Classification of Economic Activity — municipal plid workers (code 84013). The mean estimated frben t
census is 12% lower than the mean estimated fronSR#ith a very similar distribution. However, aseth
census is estimated from a sampled population ah& i a national database — supposedly — contialh
employees, we chose to use the RAIS data.

1 We greatly acknowledge and thank the sendingeféhuested original data by the authors.

!> The imputed information is applied to 160 muniiijes in 2002 and 48 in 2010.

16 Estimates for population in 2002 were based oiciaffinformation from IBGE.

7 http://siops-asp.datasus.gov.br/CGl/deftohtm.ex@PS/serhist/municipio/mindicadores.def
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d. Data: Deaths

The output is built upon the average annual graaté of the percentage of death of children
(0 — 4 years old) that could not have been avoidettlation to the total of deaths. The
Ministry of Health (MS/SVS/DASIS — System of Infoation of Mortality — SIM) collects
information about deaths of children from 0 to 4ngeold, classifying them as (a) avoidable
cause¥: (a.1) by vaccination, (a.2) by attention provideaxpecting mothers, at birth and to
the newborns, (a.3) by preventive actions and aateqchoice of treatment, (a.4) by health
promoting actions; (b) undefined causes and (®ratauses — not clearly avoidable.

The indicator is calculated summing (b) and (c)l aividing by the total for both
years 2000 and 2010. Then, average annual grovghsraomputed. In the end, we have data
that expresses proportionally how much each mualitypwas able to reduce the death of

children which could have been clearly avoidablabiyve health basic care.

e. Data: Summary and spatial analysis

The DEA was applied to 3,392 municipalities (tabje

Variable N Mean StdDev Minimum Maximum Median p25 p75
MeanSalaryRate 3392 0.055 0.042 -0.757 0.614 0.050 0.0@790.
PayrolPerCapita 3392 0.164 0.561 -0.939 18.879  0.144 20Q47C

HealthExpensesPerCapta 3392 0.100 0.043 -0.050 0.314 960.0.072 0.125
NonAvoidableDeathsRate 3392 0.0C2  0.363 -0.499 0.995 0 10400.054

Table 1 — summary data for the DEA variables

The annual mean salary growth rate within the ki positive in 96% of the
municipalities with a typical normal behaviar The distribution in space (figure 1) shows
that public workers in the Northeast region recgigecomparably higher growth rate within
the period (0.086) when compared to the South@2329) and South regions (0.035).

The payroll per capita also shows that there larger increase in the size of the
payroll of public workers of the municipalities spaly in the Northeast, North and Center-
West regions (figure 2).

The total health expenditure per capita on basalth care in each municipality
follows a normal patteffi, however, its growth rate is heterogeneously sredt throughout

the country (figure 3).

18 http://tabnet.datasus.gov.br/cgi/deftohtm.exe Zsiminf10br.def
19 See figure 8 in the annexes.
% See figure 9.
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Figure 1 — Spatial distribution of average annual gowth rate of city public workers mean monthly salay
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Figure 2 — Spatial distribution of average annual gpwth rate of municipalities’ payroll per capita
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Figure 3 — Spatial distribution of average annual gpwth rate total expenditure on basic health attenibn

Given the (auspicious) fact that the number of Imfaats and children death is small
for a high number of municipalities, 435 of therd diot have changes in the analyzed period,
thus having value zero for output. Further, 122 mipalities presented a decrease in the
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original indicators from 1 in 2000 to O in 2010, kimg the growth rate equal to -0.499.
Finally, 114 municipalities had increases of oné, drom 2000 to 2010, which resulted in a
growth rate of 0.995 (figure 4).

Those numbers indicate that the average annualtigroate of percentage of non-
avoidable deaths of children worsened in 46.5%hef municipalities; nearly 13% of the
municipalities maintained the same level of nonidable deaths and only about 41%
increased their growth rates.

These numbers result in a heterogeneous spatitdrpatith a predominance of
negative results in the Northeast region (-0.0@Pposed to positive values in all other
regions (Center-West held the best result at 0.(G&f2)re 5).

Frequency
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Figure 4 — Histogram of the growth annual rate of he percentage of non-avoidable deaths of children.
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Figure 5 — Spatial distribution of average annual gowth rate of the percentage of non-avoidable deathof
children

53rd European Regional Science Congress — Paleltialy,27 August — 1 September 2013 12



f. Data: (broad) determinants

Urban proportion in Brazil — like most other indices — varies incredibly over the

municipalities (table 2). In fact, the spectrum htigary from cities that are entirely urban
(such as Belo Horizonte) to cities that are nealllyural. Most of the cities, however, have a
higher proportion of urban areas, even though tharudefinition in Brazil is broad. Further,

population in 2000 is the variable with higher dm&ént of variation, followed by the annual

average growth rate of population, and of GDP. Asy@athetic indicator the Human Index
Development varies less, but shows municipalitres aire actually quite apart in terms of
development with a minimum of 0.467 and a maximdr©.919.

Variable Mean Std Dev Minimum Maximum  Median p25 p75
Urban_prop 0.682 0.215 0.083 1.00 0.708 0.516 0.866
GDP_growth  0.043 0.03 -0.115 0.392 0.04 0.026 0.055
Income_2000 179.23 102.35 30.43 834 165.28 89.03 244.15
Hdim_2000 0.702 0.084 0.467 0.919 0.715 0.632 0.772
Pop_2000 39,7344  145,795.78 1,189 5,857,904 15,727 8,577.5 30,365
Delta_pop 0.0087 0.014 -0.064 0.112 0.0076 0.0008 0.015
Efficiency 0.116 0.036 0.00 0.29 0.114 0.093 0.137

Table 2 — Descriptive statistics regression model

Table 3 presents the number of observations fon state, the city of Rio de Janeiro
and for cities which have less than 50 thousandbiants. Smaller cities dominate the

sample.
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. Number of
State Variable .
observations

Rondonia D_12 17
Amazonas D_13 34
Para D 15 71
Amapa D_16 5
Tocantins D_17 62
Maranhdo D 21 76
Piaui D_22 120
Ceard D 23 171
Rio Grande do Norte D 24 94
Paraiba D 25 146
Pernambuco D_26 173
Alagoas D_27 78
Sergipe D 28 57
Bahia D_29 297
Minas Gerais D_31 475
Espirito Santo D 32 64
Rio de Janeiro D 33 77
Parana D 41 269
Santa Catarina D_42 160
Rio Grande do Sul D_43 210
Mato Grosso do Sul D_50 65
Mato Grosso D 51 85
Goias D 52 117
City of Rio de Janeiro D_RJ 1
Less than 50thousand  D_50mil 2,824

Table 3 — Dummies in the regression

g. DEA Results

The DEA results reinforce earlier findings (Furta@012) which suggest that lower quality
regions perform proportionally better, despite thew absolute levels in the indicators.

Actually, given the Law of Diminishing Returns, mcipalities that already have

comparatively higher achievements in some indisatoay have a harder task in increasing
those absolute levels observed. Thus, we may hinta csupposed catching up process
occurring among municipalities in Brazil in the joer of the analysis. Along with these lines,
the Northeast, typically the lowest in developmienBrazil is the one to score the best mean

efficiency, whereas the most advanced — the Sosithescores the worst (table 4)
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Region Observations Mean Efficiency

North 228 0.109
Northeast 1,212 0.118
Southeast 1,046 0.093
South 639 0.095
Center-West 267 0.110
Brazil 3,392 0.105

Table 4 — Efficiency mean results
Even considering the fact that poor municipalitieght yield results slightly more
efficiently than richer areas, there is enoughatan among the results (figure 6) so that a

comparative ranking can be constructed providingfulsinformation for public policy

management.

Frequency

600
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400
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) I I

0 0.03 : 021 0.24 0.27
0.015 EIIJd-S DEI?E D'ID:J D‘13*| ; 55 0‘195 0.225 0.255 0.285
Efﬁmency

Figure 6 — Histogram of efficiency results by munipalities

The spatial analysis of the efficiency confirmstthlae Southeast region tend to
concentrate more municipalities in green (low éfficy) whereas the rest of the country
shows scattered municipalities with orange and(inggh efficiency) (figure 7). A question to
be further investigated is to try to understand wiynicipalities in efficient areas are scoring

low, or on the contrary, why municipalities in refficient areas are scoring high.
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Figure 7 — Efficiency results by municipalities
h. Determinants results
The regression is a (first) simple exercise totstavestigating the elements that

compose the efficiency (table 5). The model presant F value of 23,05 (p-value 0.0001)
and an Adjusted r-squared of 0.18.
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The dummiesof the states replicate some of the efficiencyltss(table 3) showing
higher coefficients for poorer states located i North and Northeast regions. Furthermore,
thedummiesshow that smaller cities perform worse than laayges and that the city of Rio
de Janeiro has a performance significantly highan the other municipalities in the sample.
The growth rate of population has a negative sicgmift coefficient indicating that cities that
received migrants throughout the period comparbtiw@rsened their efficiency in handling
basic health care. Population is also negativepatih with a value close to zero, indicating
that the size of the city — when accounted for &naities — is not so relevarit.

A relevant finding — from our perspective — is tigtical indicators to characterize
municipalities, such as Human Development Indefaorilies’ income or proportion of urban
population were found to be not significant. Thisgit suggest some independence of
efficiency in health services providing when congohrto more general attributes of
municipalities. That is, it might be able to prowideasonable health public services despite
general poor indicators.

A variable that proved to be relevant to deterntime level of efficiency was the
growth rate of GDP. The coefficient of GDP growdter was found to be highly significant,
large in size and positive. All considered, it ntighdicate that economic growth shall be
beneficial to municipalities despite the burdensagfid urbanization. Analyzed together, the
best dynamics of growth seem to be a relevant graftGDP associated with moderate

population growth.

2L A previous test indicated that a dummy for citiéth over one million inhabitants was not signifita
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Dependent Variable: Efficiency

Number of Observations 3,392
Analysis of Variance
Sum of Mean
Source DF Squares Square F Value Pr>F
Model 31 0.828 0.0267  24.49 <.0001
Error 3360 3.66 0.0011
Corrected Total 3391 4.49
Root MSE 0.033 R-Square 0.184
Dependent Mean 0.1163 Adj R-Sq 0.177
Coeff Var 28.396
Parameter Estimates
Parameter  Standard
Variable Estimate Error t Value Pr>|t|
Intercept 0.08475 0.01381 6.14 <.0001
Urban_prop -0.00089 0.00386 -0.23 0.8178
Income_2000 -0.00003 0.00001 -1.84 0.0654
HDIm2000 0.02598 0.02148 1.21  0.2267
Pop_2000 -4,65E-03  6,41E-03 -7.26  <.0001
Delta_pop -0.37356 0.04974 -7.51 <.0001
Delta_GDP 0.21521 0.02130 10.10 <.0001
D 12 0.04060 0.00852 4.77 <.0001
D 13 0.03651 0.00634 5.76 <.0001
D 15 0.01893 0.00467 4.06 <.0001
D 16 0.06470 0.01496 4.33 <.0001
D 17 0.01299 0.00480 2.71 0.0068
D_21 0.02797 0.00494 5.67 <.0001
D 22 0.03045 0.00424 7.19 <.0001
D 23 0.02007 0.00370 5.43 <.0001
D 24 0.01714 0.00423 4.05 <.0001
D 25 0.04365 0.00409 10.67 <.0001
D_26 0.01576 0.00370 426 <.0001
D 27 0.02601 0.00491 5.30 <.0001
D 28 0.03672 0.00513 7.16 <.0001
D_29 0.02976 0.00321 9.28 <.0001
D 31 0.01531 0.00231 6.62 <.0001
D 32 0.02524 0.00447 5.64 <.0001
D_33 0.00767 0.00413 1.86 0.0633
D _41 0.00556 0.00263 2.11 0.0346
D 42 0.02856 0.00315 9.08 <.0001
D _43 0.01212 0.00284 427 <.0001
D_50 0.03493 0.00443 7.88 <.0001
D _51 0.02104 0.00395 5.33 <.0001
D_52 0.02753 0.00350 7.87 <.0001
D RJ 0.17582 0.04867 3.61 0.0003
D_50mil -0.00468 0.00190 -2.46 0.0139

Table 5 — results of the regression: dependent vatile efficiency
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4. Discussion

The exercise proposed in this paper bases itssitdldy on the variation of the variables (sic)
in the period 2000-2010. That is to say that a milevel of performance in absolute value
does not necessarily yield strong positive redalthie analysis made. In this line of thought,
all (central) inputs and the output of the DEA wbkased on average annual growth rates. The
regression analysis by itself also emphasized blsathat depicted growth rates, namely
inhabitants and GDP growth rates. Base variablastiipically characterize urban analysis
were found to be unimportant for the regressiohaatd. In sum, the paper focuses on the
dynamics observed in the past decade. Thus, ithiryon municipalities that are just now
starting to have game-changing dynamics, at leasterning basic health care provision and

its counterpart, the expenditure with the system.

5. Final considerations

This paper uses data from a baseline date of 200@ariation of these data into 2010 to start
shedding light on the correlations among persoraxgdenditure, municipalities’ general

attributes and its achievements in amelioratinggbality (not the quantity) of basic health

attention. We used DEA to generate an efficiencexfor a large number of municipalities

and then apply econometrics to typical municipeditidescriptors of the phenomena being
investigated.

The results indicate that municipalities on the tNeast region perform slightly better
on average. However, there is important observeéerdgeneity in the data, with higher and
lower scores scattered around in the country. ikll, health provision — as depicted by the
raw data — has not improved for nearly half of tienicipalities.

The regression shows that the relevant variablesxpdain the efficiency are (a) the
growth rate of population on the negative side @)dhe growth rate of GDP on the positive.
Typical indicators or urban quality, such as urkaton, population, quality of life and
families’ income explained very little of the estited efficiency.

The results presented in this text are prelimiremyg they suffer from at least two
known criticisms. Firstly, in this exercise the divsion of municipalities within the period
of analysié®> was not taken in consideration. Secondly, the dehfar data for the DEA

reduced the sample from the original 5,565 to 3@ rvations only.

258 new municipalities were created in the periledating the total to 5,565.
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In order to tackle these limitations we want ¥pand the study so that we use the
information on those 3,392 observations and expgheth to the complete sample through
clustering and imputation. If we can characterieetain behaviors as typical of groups of
municipalities that we can associate with attrisuttaen we can estimate their behavior in
efficiency as well.

Further, we also intend to detail the regressk@r@se including more attributes and a
spatial analysis which would bring more informatiom the aspects that are correlated with
better performance in basic health attention promisFinally, we intend to detail the DEA

process, applying super-efficiency, analysis oflsdeand a more careful treatment of outliers.
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7. Annexes
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Figure 8 — Histogram of annual growth rate of montlly mean salary paid by municipalities
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Figure 9 — Histogram of the growth rate of total halth expenditure per capita
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Number of

States . Mean Efficiency
observations

Paraiba 146 0,134
Amazonas 34 0,128
Bahia 297 0,124
Sergipe 57 0,122
Piaui 120 0,120
Acre 17 0,120
Maranhao 76 0,117
Mato Grosso do Sul 65 0,116
Amapa 5 0,115
Alagoas 78 0,115
Ceara 171 0,112
Espirito Santo 64 0,112
Pernambuco 173 0,110
Goias 117 0,108
Para 71 0,108
Mato Grosso 85 0,108
Santa Catarina 160 0,108
Tocantins 62 0,106
Rio Grande do Nort= 94 0,104
Minas Gerais 475 0,101
Roraima 1 0,100
Rio Grande do Sul 210 0,096
Rond6nia 38 0,092
Rio de Janeiro 77 0,092
Parana 269 0,088
Sao Paulo 430 0,083

Table 6 — Mean efficiency by states
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