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Abstract

In developing countries such as Brazil, the measurement of services for the CPI may present
extra difficulties such as the presence of services in the basket which parts belong to informal
economy. In such instances, data sources are even more scarce and difficult to obtain, and the
desired information usually rely on some sort of household survey. In this work we present the
methodology developed to obtain the inflation for services of home maintenance and housekeeper
in the Brazilian CPI using the Continuous Brazilian National Household Sample Survey as the
data source. Since this survey was not originally designed to give estimates for the CPI, the
methodology developed required a combination of sampling reweighting and structural time
series modelling techniques to derive robust CPI measures. Sampling reweight is used to generate
adequate weights for the desired domains for the CPI and the adoption of structural time series
modelling is employed to deal with the small samples sizes obtained. Finally, we present the
price microdata generated for home maintenance and housekeeper services which are available
for researchers interested to work with such data sets.

1. Introduction

The Brazilian System of consumer prices indices (SNIPC) maintained by the Brazilian Institute of
Geography and Statistics (IBGE) is responsible to provide the official measures of consumer price
indicators for Brazil [IBGE, 2013]. Among the indices contained in the system is the extended
consumer price index (IPCA) which is used as a macroeconomic indicator by the Brazilian Central
Bank in order to define the national monetary policy.

The IPCA follows the same methodological pillars as other CPIs all over the world which aim to
approach the cost of living of a reference population based on a fixed basket of goods and services
and on the matched model approach [IBGE, 2013, ILO, 2004]. Though the use of a fixed basket is a
simplification adopted in order to allow the compilation of consumer inflation, this approach is not
free of important challenges. The measurement of services components of the CPI basket is one of
such case examples.

The determination of prices of a given service is a hard task since usually require the specification
of a large amount of characteristics. A poor description can lead to a sample with high price
dispersion. In developing countries such as Brazil, additional difficulties present in some kinds
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of services which are mainly based on Labour’s informal market. In such instances, there is no
source of price information available but the individuals that offered the services (or the consumers
who hired them). In such circumstances household surveys are necessary in order to derive such
informations.

In the IPCA’s basket two important subitems1 are representative of the above picture, housekeeper
(ED) and services for home maintenance (MORD), amounting to approximately, 4% and 1%,
respectively, of the expenditures of the whole basket [IBGE, 2019]. Though in recent years there
have been a pressure to increase the formalization of such activities due the promotion of labour’s
laws that established that such workers should also share the same rights as other categories, the
degree of informality in such sectors is still high, specially in periods of economical recessions.

In Brazil, IBGE’s Monthly Employment Survey (PME) [IBGE, 2007] used to be the survey
responsible to collect and provide information on the brazilian’s labour force. The PME was
based on a household sample survey conducted in six brazilian’s metropolitan regions and was
the source used to generate the inflation for the ED and MORD subitems of the IPCA’s basket.
However, this survey ceased in 2016 and the informations provided by the PME should be replaced
by the continuous household sample survey (PNADC). The PNADC is a survey whose sample
design comprises the whole national territory and provides estimates for a much finer and richer
geographical level than the PME. Despite the different geographical coverage between the PME
and the PNADC, another important difference is that the PNADC sample design was planned to
provide estimates in a quarterly basis against the monthly periodicity of the PME.

Due such changes, the incorporation of the PNADC as the source responsible to provide the
information for the calculation of the ED and MORD subitems’ inflation is not straightforward.
In this work the methodological treatment developed to incorporate the PNADC data for the
calculation of the inflation of ED and MORD is described. The paper is structured as follows: in
Section 2 a brief discussion on the elementary formulas used in the IPCA is presented in order
to derive the parameters of interest of our problem. In Section 3 some important details of the
PNADC sample design are described and how this is determinant for the choice of a estimator for
the monthly price relatives. The considerations for the chosen estimator are also presented. Since
the sample design of the PNADC was not planned to give estimates for the CPI subitems ED and
MORD, it is necessary to perform a reweighting treatment in the PNADC original weights in order
to correctly derive the weights for our domain of interest. These steps are presented in Section 4
which also describes the outlier detection and treatment techniques adopted in the data set. In
Section 5 the time series approach necessary to deal with the volatile series resulting from the small
data sets resulting from the PNADC estimates is described. In Section 6 the final results of the
method are presented and also the price microdata available for researchers. Finally in Section 7
the conclusions of the work are disclosed.

2. Statement of the problem: Population parameters of interest.

To determine the parameter of interest for the estimation of the inflation of a given subitem of
the IPCA, it is necessary to take into account the elementary level formula used to calculate the
inflation of the subitem (see Ref. [Miranda et al., 2019] for more details on the calculation).

1In the classification system adopted by the SNIPC the lowest level where weights are available from the household
budget survey is called “subitem” [IBGE, 2014b].
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In the IPCA, the prices variation of a given subitem k between subsequent months t and t− 1 are
obtained by the use of a two-stage-process elementary level formula given by [IBGE, 2013]:

Rt/(t−1),k =
n′k∏
t=1

(Pt,k,k′/Pt−1,k,k′)1/n′k . (1)

where in Eq. (1) Pt,k,k′ is the arithmetic mean of the prices of products within a given “elementary
products aggregate” k′ which belongs to the subitem k. nk′ is the number of elementary products
aggregates within the subitem k.

Hence, as stated by Eq. (1), the price relative Rt/(t−1),k between subsequent months t and t− 1 of
the subitem k is given by a “two-stage” averaging process: In the first step an arithmetic mean of
similar products within an elementary aggregate is taken while in the second a geometric mean of
the ratios of mean elementary aggregates prices is performed.

Since the subitems of interest of this work (housekeeper and home maintanance and repair) are
considered to be constituted of a single elementary products aggregate, the subindex k′ referring to
the elementary products aggregates can be dropped and the price relatives given by Eq. (1) can be
simplified to a Dutot-like elementary formula [ILO, 2004]

Rt/(t−1),k = Pt,k/Pt−1,k =

(∑
l∈Ut,k pt,k,l

)
/Nt,k(∑

l∈Ut−1,k
pt−1,k,l

)
/Nt−1,k

, (2)

where in Eq. (2) pt,k,l are the prices of a service of a given subitem k offered by an individual l and
Nt,k is the number of individuals offering services for the subitem k at time t in the population of
individuals Ut,k.

The quantity expressed by Eq. (2) is the parameter of interest for the determination of the inflation
of the subitems ED and MORD. In the next section the challenges to construct an estimator for
such parameter, taking into account the peculiarities of the PNADC complex sample design, are
presented.

3. Considerations for the choice of the estimator

As mentioned above, the PME [IBGE, 2007] was the data source previously adopted to provide
estimates for the inflation of the subitems ED and MORD. With the extinction of such survey, this
data source was supposed to be replaced by the PNADC [IBGE, 2017]. In order to understand the
choice of the estimators proposed below, it is important to keep in mind the main methodological
characteristics of the PNADC, which we briefly discuss in the following paragraphs2.

The PNADC is a survey based on a probabilistic sample of households [Freitas and Antonaci, 2014]
whose goal is to continuously produce informations on the population labour’s force, associated
with its demographic and educational characteristics and to provide support for the study of
social-economic development of the country. The PNADC has a very robust sample which allows

2For further details please refer to [IBGE, 2014a, 2017, Freitas and Antonaci, 2014].
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the construction of informations with high accuracy for a fine level of geographical coverage such as
the capitals of brazilian municipalities.

The PNADC sample was designed in order to produce quarterly informations. This fact implies
that it takes three months in order to cover the data collection of the whole country sample. In
order to guarantee that the observed estimates variations between following quarters are not highly
volatile, a partial sample rotation scheme among consecutive quarters is adopted. In such scheme,
a set of selected households is interviewed five times at most. Also, there is a quarter “break”
between consecutive interviews of a given household, as described in Figure 1. In the rotation
scheme adopted, the primary sampling units (PSUs) of each stratum are split into 15 rotation
groups (denoted by the letters A, B, . . . , O in Figure 1). In each quarter a new sample of households
is selected within the SPUs of three such groups. For the remaining 12 groups, a new interview
is performed. Such rotation process provides a sample superposition of 80% between consecutive
quarters and 20% between the same quarter in consecutive years.

Figure 1: 1-2(5) Rotation scheme of the PNADC sample. The top rectangle illustrates that a set of
households from the rotation group 1G are interviewed for the first time in month 1 of the first year.
After the first interview in month 1 the second interview only occurs in the next quarter in month
4. The same same pattern proceeds for the remaining interviews until a household is interviewed
for the fifth and last time in 12 months after the first interview. After the fifth interview of the
group of households of the rotation group 1G in month 1 of year 2 this group of households leave
the sample and is replaced by a new set of households from the rotation group 2G that will perform
their first interview in month 4 of year 2 (bottom rectangle), a quarter after the last interview of
the households of group 1G. The rectangle in the middle of the Figure illustrates that in a given
quarter the sample is balanced such that there are always individuals answering for the first, second,
third, fourth and fifth time the survey. This guarantees that the sample is refreshed parsimoniously
with a 80% superposition between subsequent quarters and 20% in a year window.
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In order to develop estimators for the mean prices and price relatives given in Eq. (2) one should
note that, within the PNADC nomenclature, the combinations of products x local of interest for
the price index are the workers employed and belonging to the categories of housekeepes or home
and maintenance repairs of a given reference month and region of interest.

Monthly estimates for the price’s population averages Pt,k can be obtained from a subsample from
the PNADC where the domains of interest are the group of workers which represent the subitems
ED and MORD at each month. The sample estimators for such population means are given by:

P̂t,k =

 ∑
l∈at,k

wt,k,l × pt,k,l

 / ∑
l∈at,k

wt,k,l (3)

where at,k is the sample of people surveyed in month t belonging to the subitem k (ED or MORD),
pt,k,l is the price charged by the worker l from the subitem k in month t, and wt,k,l is the corresponding
sampling weight to select the worker l from the subitem k in month t.

The estimator given by Eq. (3) has appealing characteristics since its use does not require the
“creation” of special weights or any intervention in the production routines of the estimates from the
PNADC sample. Besides, it allows the use of the complete PNADC monthly samples in order to
produce estimates for the domains defined by the workers belonging to the ED and MORD groups.

By taking the ratio of mean prices for subsequent months using the estimator given by Eq. (3), a
prices relative estimator can be derived as:

R̂t/(t−1),k = P̂t,k/P̂t−1,k. (4)

Though the use of the estimator given by Eq. (4) is appealing, a careful analysis of the PNADC
sample characteristics reveals that such choice is not advisable. Due the sampling rotation process of
the PNADC discussed above, the samples collected between subsequent months have no superposition.
As a consequence, the approximate variance of the estimator given by Eq. (4), writes

V (R̂t/(t−1),k) = V (P̂t,k) + V (P̂t−1,k)− 2Cov(P̂t,k, P̂t−1,k). (5)

The lack of superposition between individuals in the samples of subsequent months implies that the
variance given by Eq. (5) is “maximal” as a consequence of the null covariance in Eq. (5). Another
important point is that the subsamples collected each month amount to approximately 1/3 of the
whole quarter’s sample of the PNADC.

The combination of the reduced size of the month samples and lack of superposition among samples
of subsequent months implies that the relatives estimates given by Eq. (4) have a high variance
producing a highly volatile series of estimates.

Preliminary analysis (not shown) confirmed that estimates calculated from Eq. (4) produce a
volatile series. As an outcome of this analysis, it was decided that the adoption of the estimator
given by Eq. (4) was not appropriate.

An alternative estimator can be developed from the inspection of Eq. (5). Such expression suggests
that estimators with superposed samples can be significantly benefited from a variance reduction,
and such reduction is as large as the samples degree of superposition.
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A natural choice of estimators for the parameters given by Eq. (2) that takes into account the
longitudinal aspect of the PNADC and the rotation scheme is one based on the ratio of mean prices
of months separated by a quarter.

R̃t/(t−1),k = (P̃t,k/P̃t−3,k)1/3. (6)

Since the ratio of mean prices between months t and t− 3 gives a quarterly variation, the cubic root
in Eq. (6) is necessary for the extraction of monthly variations. One should note that the mean
prices in Eq. (6) are obtained taking into account the matching of individuals in the samples in
months t and t− 3 and are given by

P̃t,k =

 ∑
l∈et,k

wt,k,l × pt,k,l

 / ∑
l∈et,k

wt,k,l, (7)

where in Eq. (7) et,k is the sample of individuals of the subitem k in the month t which have a
match in month t− 3. Due the rotation process, at each month at most 4/5 of the monthly sample
would be available for matching and for the calculation of the mean prices and prices relatives
estimates given by Eq. (7) and Eq. (6), respectively.

Despite the reduced size of the available monthly sample left for the estimation of quarterly prices
relatives given by Eq. (6), the reduction in the variance due sample superposition should compensate
the lost in sample size and still leads to estimates with a reduced variance respective the estimator
give by Eq. (4).

Another important point to note is that the estimator proposed by Eq. (6) is a consistent estimator
for the population quantity

(Pt,k/Pt−3,k)1/3 (8)

rather than the population target parameter given by Eq. (2). Such fact amounts in the estimator
given by Eq. (6) being a biased estimator for the parameter Eq. (2), where the asymptotic bias is
given by:

V ies(R̃t/(t−1),k) ∼= (Pt,k/Pt−1,k)− (Pt,k/Pt−3,k)1/3 (9)

Table 1: Summary statistics of the bias and absolute bias obtained by comparing the true IPCA
series and the estimates obtained using the estimator Eq. (6).

Summary Statistics Bias Absolute Bias
Min -0.4 0.0
Q1 -0.1 0.04

Median -0.01 0.1
Mean 0.0 0.12
Q3 0.1 0.18
Max 0.44 0.44
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Although there is a bias "gain" in adopting the estimator given by Eq. (6), the balance of the
bias-variance trade-off, expressed by measuring the mean square error, suggests that the use of the
estimator given by Eq. (6) is preferred.

To illustrate the estimation bias issue, data from the official series of the IPCA3 is used in order
to evaluate the bias incurred by the use of the estimator in Eq. (6), in comparison with the
“monthly-direct” estimator of prices. Table 1 displays the summary statistics of the bias distribution
and of the absolute bias calculated through the use of Eq. (9) on the IPCA data, considering the
time window between Jan-2017 through Apr-2017.

One can note from the analysis of Table 1 that the distribution of the absolute bias stand around
0, 1% (≈ 0, 18%) for about 50% (75% ) of the series values. The summary statistics of the bias also
reveal important features such as a null mean of the bias of the series. This indicates that the bias
is non-cumulative throughout the time and cancel itself as time evolves, a highly desirable aspect
for the inflation measure.

Figure 2 shows the evolution of the bias estimates for the whole time window considered. One can
note the bias fluctuation and alternating between positive and negative values in agreement with
the analysis of the summary values of Table 1.

Figure 2: Series of the estimated bias incurred in using the estimator given by Eq. (6) for the
calculation of the IPCA inflation in the ten years time window interval comprising Jan-2007 through
Jan-2017.

Based of the previous discussion and data presented above, where it was found that the bias incurred
in using the estimator given by Eq. (6) is small, this estimator was selected to calculate the inflation
of the subitems ED and MORD.

3The official series are available on-line in the IBGE official website and can be obtained in the link.
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4. Selection and treatment of the PNADC data in order to use the
adopted estimator

4.1. Reweighting

As mentioned above, the available data for a month t used for the calculation of the estimator given
by Eq. (6) constitute a subsample of the whole quarter’s sample of the PNADC. Further reduction
in the sample occurs due non-responses and the matching procedure between months t and t− 3.
In order to derive estimates for our domains of interest it is necessary to take into account the
sample design of the PNADC and such sample reductions. Since only a subsample of the PNADC
is used for the derivation of estimates of the inflation of the subitems ED and MORD, a reweighting
process is necessary in order to derive the correct inflation measures.

In the following it is presented the reweighting steps and adjustments in the PNADC sample weights
for the calculation of the ED and MORD inflation estimates. In order to simplify the notation, all
the expressions presented below refer to a single generic sample stratum used for the selection of a
PNADC PSU.

4.1.1. Calculation of the quarterly weights

The PSU’s standard weight to estimate characteristics produced at a given quarter of the PNADC
is given by

wgi = 1
mg
× Ng

Ngi
, (10)

where in Eq. (10) wgi is the weight of the PSU i of the rotation group g in a PNADC quarter
containing the months t, t− 1 and t− 2;

mg is the number of PSUs selected from the rotation group g;

Ngi is the total number of permanent private households (occupied, unoccupied or closed) in the PSU
i from the rotation group g, according the informations from the national households frame Cadastro
Nacional de Endereços para Fins Estatísticos - CNEFE in the moment of the PSUs selection;

Ng is the total number of permanent private households (occupied, unoccupied or closed) in the
rotation group g, according the informations from the national households frame Cadastro Nacional
de Endereços para Fins Estatísticos - CNEFE in the moment of the PSUs selection.

The standard weight of each household is given by the reciprocal of the probability of selection of a
household and can be decomposed into a portion relating to the PSU’s selection and another one
corresponding to the selection of the households within the PSU. Such decomposition writes

wgij = wgi × wj|gi = 1
mg
× Ng

Ngi
×
N∗gi
ngi

(11)

wj|gi is the standart weight of the household j in the PSU i and rotation group g in a given quarter
of the PNADC;
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N∗gi is the total number of permanent private occupied or closed households in the PSU i and
rotation group g, according the informations from the national households frame Cadastro Nacional
de Endereços para Fins Estatísticos - CNEFE in the moment of the PSUs selection.

ngi is the number of households selected from the PSU i and rotation group g.

4.1.2. Calculation of the monthly weights

In order to use data from a single month t of the PNADC, the weights correction is given by [IBGE,
2015]:

wtgij = wgij ×
∑
g,i,j wgij∑

g,i,j,wgij × I(j ∈ at)
. (12)

where in Eq. (12) wtgij is the standard weight of the household j, within the PSU i, rotation group
g and month t. Note that the superscript t was introduced to denote the reference month.

The numerator in the right hand side of the fraction in Eq. (12) denotes the total standard weight
of the households of a PNADC’s quarter and the denominator is the total standard weight of
households surveyed in a month t.

4.1.3. Calculation of the monthly weights considering non-response adjustment

The adjustment in the weights due non-response losses writes:

wtagij = wtgij ×
n∗gi
n∗∗gi

, (13)

where in Eq. (13) wtagij is the standard weight adjusted by non-responses of the household j, from
the PSU i and rotation group g in the month t. The supersxript ta is used to denote month’s t
relative weight adjusted for non-responses.

n∗gi is the number of households with dweller selected from the PSU i in the rotation group g;

n∗∗gi is the number of households selected and successfully interviewed within the PSU i and rotation
group g.

For the strata where there are no matched households, this stage is performed in the post stratification
of all the strata contained in the post stratum.

4.1.4. Calculation of monthly weights for matched households

In order to deal with the sample modification due the matching, the weights adjustment writes:

w
tp
gij = wtagij ×

∑
g,i,j w

ta
gij∑

g,i,j w
ta
gij × I(j ∈ et)

(14)
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where in Eq. (14), wtpgij is the matched-adjusted weight of the household j, from the PSU i, rotation
group g, within the month t for the households with at least one of its dwellers matched between
months t and t− 3. The superscript tp is used to denote the quantities associated with the matched
households in month t.

The numerator in Eq. (14) fraction is the total non-response-adjusted weight in the month t and the
denominator is the total non-response-matched-adjusted weight which takes into account households
with at least one dweller matched between months t an d t− 3.

4.1.5 Post stratification of the monthly weights for the matched households

As in the PNADC the weights are adjusted by post stratification considering the estimated population
in the strata by the 15th of each reference month [IBGE, 2015], such adjustment is also maintained
in the present context. In this case, the adjustment is performed in each stratum contained in
the post stratum b. After this adjustment, the final weight for an individual l, belonging to the
household j, in the PSU i, rotation group g with a match between months t and t− 3 is given by

wtSNIPCl = w
tp
gij ×

Pb

P̂b
. (15)

Pb is the population estimate produced by the IBGE for the post stratum b for the day 15 of the
reference month and P̂b is the population estimate obtained for the households within the post
stratum b with at least one dweller matched between months t and t− 3 in the reference month.

4.2. Outliers detection and treatment

Since the estimator chosen is based in prices means, the estimates obtained for the income information
from the PNADC are subject to distortions due to outliers. Due this fact it is necessary to develop an
outliers’ detection system and establish some criteria for the treatment of the detected observations.

The first step is the definition of the criteria used to classify an observation as an outlier. For the
income distributions considered here, the outliers are determined by the boxplot approach which
states that values below (above) an lower (upper) bound threshold LI (LS) are classified as outliers
of the distribution. LI and LS are defined as

LI = Q1− 2(Q3−Q1) andLS = Q3 + 2(Q3−Q1), (16)

where in Eq. (16), Q1 (Q3) refer to the 1st (3rd) quartile of the income distribution.

In each moment t, two prices distributions are considered separately, the prices distributions obtained
at the months t and t− 3 after the matching process.

For the calculation of the quartiles and thresholds LI and LS in Eq. (16), it is necessary to take
into account the weight of the matched individuals as defined by Eq. (15) in order to obtain the
appropriate prices distribution. Another important point is that due the rotation process and the
non-response adjustments, the weight of an individual l matched between months t and t− 3 may
be different in these two months. Hence, in order to guarantee that the calculated inflation is solely
due to a pure prices variation the weight calculated in the most recent month t for an individual l
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matched between months t and t − 3 is adopted in order to derive the prices estimates for both
matched months.

The second step is the treatment of the detected outliers. In this work, the treatment adopted is the
use of the Winsorization technique of the detected outliers. Such treatment states that the detected
outliers are replaced/imputed by the value of LI (LS) if it lies below (above) LI (LS).

The boxplot detection system assumes that the distributions under consideration follow approxi-
mately a normal distribution. Since prices distributions are in general asymmetrical, a Box-Cox
transformation [Box and Cox, 1964] is applied to the income distributions in order to approximate
them to a normal distribution and allow the implementation of the boxplot detection process.

Mathematically, the outliers treatment rules are expressed as

p′t,k,l =


LI if p′t,k,l < LI

p′t,k,l if LI ≤ p′t,k,l ≤ LS
LS if p′t,k,l > LS,

(17)

where in Eq. (17) p′t,k,l are the prices obtained after the Box-Cox transformation and are given by
[Box and Cox, 1964]

FBC(pt,k,l) = p′t,k,l =

 p
λBC
t,k,l
−1

λBC
if λBC 6= 0

ln(pt,k,l) if λBC = 0.
(18)

pt,k,l amounts to the price of the service offered by the individual l from subitem k in the month t.
The parameter λBC defines the Box-Cox transformation (FBC) to be adopted in the data set and is
estimated for each of the prices samples analysed.

Note that for the calculation of the prices relatives estimates from the estimator given by Eq. (6)
it is necessary to apply such treatment for two prices distributions apart, the income distribution
for the matched individuals found in month t and those at month t− 3. Due the sample rotation,
individuals matched in a given month t are different when the match is between t− 3 and t from t
and t+ 3. Hence, the detection process for the individuals of a given month t needs to be conducted
twice, one for each distribution that results from the matching step.

Based on the final weight of an individual wtSNIPCl given by Eq. (15) and derived in the previous
section, and after the definition of the outlier detection and treatment processes, the mean prices
and prices relatives estimates for the subitems ED and MORD are given by

R̃t/(t−1),k = (P̃t,k/P̃t−3,k)1/3, (19)

with

P̃t,k =

 ∑
l∈et,k

wt,k,l × pt,k,l

 / ∑
l∈et,k

wt,k,l =

 ∑
l∈et,k

wtSNIPCl ×F−1
BC(p′t,k,l)

 / ∑
l∈et,k

wtSNIPCl , (20)
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P̃t−3,k =

 ∑
l∈et,k

wtSNIPCl ×F−1
BC(p′t−3,k,l)

 / ∑
l∈et,k

wtSNIPCl (21)

where in Eqs. (20) and (21) the sets et,k indicate that the sums are restricted to those individuals l
belonging to the subitens k of interest (ED or MORD) and matched between months t and t− 3.
F−1
BC denotes the inverse of the Box-Cox transform given by Eq. (18). Note again that the weights

adopted for the matched individuals that appear in Eqs. (20) and (21) are the ones given at month
t for both in the calculation of P̃t,k and P̃t−3,k, as discussed previously.

In Figures (3)-(4) the series of prices relatives estimates R̃t/(t−1),k obtained for the subitems ED and
MORD using the PNADC data and the methodology described above is displayed. One can note
that such results present fluctuations that are common to surveys with small sample sizes (note for
instance the abrupt change in the values obtained for the MORD subitem in the mids 2014 in Figure
(4)). Thus, the use of such estimates is still not satisfactory for the measurement of inflation of the
subitems ED and MORD. To deal with this volatility problem a time series modelling treatment
is adopted. It is decided to use the estimates of the trend component of such series of estimates
R̃t/(t−1),k.

Figure 3: PNADC series of estimates for the subitem ED.

5. Time series modelling for estimating the trend of the prices
relatives series of the ED and MORD subitems

In this section the time series approach adopted in order to derive the estimates of the trend
component R̃t/(t−1),k of the series of prices relatives of the subitems ED and MORD is described.
The approach adopted consists in the use of structural times series modelling which allow to
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Figure 4: PNADC series of estimates for the subitem MORD.

express the time series via non-observable components of trend, seasonal and irregular which evolve
stochastically in time.

5.1. Structural times series models

The structural time series models [Harvey, 1989] allow the decomposition of a time series in
unobservable components which however have a clear interpretation such as trend, seasonal, cicle
and irregular. The trend component captures the direction and level of the series. The seasonal
represents the periodical movement of the series (intra-annual in the present context). The cicle
is associated with recurrent movements of long range and the irregular component reflects non-
systematic movements and residual fluctuations not explained by the other components of the model.
The additive decomposition approach, used to represent a series with simple variations, as in the
present context, writes

STt = Trendt + Seasonalt + Ciclet + Irregulart (22)

where STt is an observation of the time series in the moment t and the remaining components are
as described above.

In the structural model the components are usually described stochastically and hence each com-
ponent is influenced by a random perturbation term (random error). The focus of the modelling
process is the estimation of the components of interest, which in the present case is the trend
component. In this way, excluding the cicle term, the desired component is expressed as

Trendt = STt − Seasonalt − Irregulart (23)
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To estimate the series components, the structural models are expressed in the state space formulation
[Harvey, 1989] and the Kalman filter is used [Kalman, 1960] which is an approach that establishes a
recursive procedure allowing the construction of inferences about the unobserved components of the
time series.

In this way, the main feature of the state space approach lies on the ability to provide updated
estimates of the unobserved components and to make predictions on future observations.

5.2. State space representation of structural time series models

In the present Section, the notation R̃t is adopted such as to denote a generic time series or to make
connection with the time series of the price relatives estimates for a given month t, for the subitem
k, R̃t/(t−1),k.

Consider a time series R̃t, with t = 1, ..., T . Denoting by αt the vector4 of unobserved components
R̃t, denominated as the vector of states. The modelling focus is the implementation of inferences
over the vector of states αt based on the information contained in the observed values R̃t. The
current state of the system can be defined as the minimal set of information that, together with
future observations, is able to describe the future behavior of the system.

The state space formulation is defined by the two following equations:

R̃t = Ztαt + εt with εt ∼ N(0,Ht) (24)

αt = Ttαt−1 + Utξt with ξt ∼ N(0,Qt) (25)

Equation (24) is denominated observation (or measurement) equation and represents the relation
between the observations and the actual state of the non-observable components. Equation (25)
is denoted the transition (or state) equation and describes the stochastic time evolution of the
non-observable components allowing the incorporation of variables that allow the specification of
dynamic processes of the components [Durbin and Koopman, 2001].

The matrices that determine the system equations Zt, Tt, Ht, Qt and Ut generally rely on a set of
unknown parameters that need to be estimated and whose format is detailed in the Section 5.2.2
below, after the description of the basic structural model adopted.

The stages of the prediction process of R̃t and estimation of the unobservable components αt are
performed recursively based on the Kalman filter [Harvey, 1989] algorithm described below.

5.2.1 The Kalman filter

The Kalman filter (KF) is a recursive algorithm conditioned to a particular set of informations. If such
set includes the whole past and excludes current values of the observed data, Dt−1 = (R̃1, ..., R̃t−1),
allows to perform predictions. When new observations of R̃t are available, the set of informations
also include, besides the whole past, the current values of the observed data Dt, and hence can be
expressed as a sign extraction problem.

4Vectors and matrices are denoted by the use of bold letters.
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The algorithm has three stages:

Forecast: P [αt|R̃t−1], allows to obtain an estimate for the components of the vector of states without
the incorporation of the most recent observations;

Updating prediction: P [αt|R̃t]. Also known as sign extraction process and allows to recover, in the
moment t, information about a non-observable component of the system by using all the informations
available until the moment t;

Smoothing: P [αt|R̃T ]. Provides an estimate in time t through the use of all the available information,
prior and after the moment t (where a series of size T is being considered).

The smoothing step is associated with an important feature of the Kalman filter: the ability
to provide a retrospective smoothed estimate for the non-observable components when a new
information is available. The smoothing process allows to revise the past vector of states inferences
by making use of the informations available until time T 5. In this stage, the algorithm is run from
the most recent to the oldest observation.

It is important to note that the estimate of the trend component for the problem treated in this
work is the one obtained by the end of the smoothing process.

The estimation of the state space model hiperparameters based on the Kalman filter equations is
performed through the use of the maximum likelihood method [Durbin and Koopman, 2001].

5.2.2 Basic structural model

The basic structural model (BSM) contemplates, in the observation equation, the sum of the level
and seasonal components. Its general formulation is the following

R̃t = µt + γt + εt with εt ∼ N(0, σ2
ε ), (26)

µt = µt−1 + βt−1 + ηt with ηt ∼ N(0, σ2
η), (27)

βt = βt−1 + ζt with ζt ∼ N(0, σ2
ζ ), (28)

γt =
s/2∑
f=1

γf,t. (29)

µt refers to the trend (level) component, βt is the slope component and γt refers to the seasonal. εt
refers to the irregular component of the model while ηt and ζt refer, respectively, to the level and
slope of the random noises of the equation of states.

Here, the seasonal component is treated by the use of trigonometric functions.
5This revision process is only adopted to provide the current estimates more precise, however due the non-revision

policy of the CPI, the published official inflation of past periods are not revised.
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[
γf,t
γ∗f,t

]
=
[

cos(λf ) sen(λf )
−sen(λf ) cos(λf )

] [
γf,t−1
γ∗f,t−1

]
+
[

Ωf,t

Ω∗f,t

]
, with

[
Ωf,t

Ω∗f,t

]
∼ N(0, σ2

ΩI2×2). (30)

In Eq. (30), λf = 2πf/s and f lie in the range between 1 through s/2 for the γf,t equation and in
the range 1 through s/2− 1 for the γ∗f,t equation. For month data, s = 12.

For this model, the matrices of the system Zt, Tt, Ht, Qt and Ut follow a deterministic time-invariant
process and are given by

Zt =
[

1 0 1 0 1 . . . 1
]

1×13
, (31)

Qt =

 σ2
η 0 0 . . . 0

0 σ2
ζ 0 . . . 0

0 0 σ2
ΩI11×11


13×13

, (32)

Ut = I13×13, (33)

Ht = σ2
ε , (34)

ξt =



ηt
ζt

Ω1,t
Ω∗1,t
...

Ω5,t
Ω∗5,t
Ω6,t


, (35)

Tt =



1 1 0 0 . . . 0
0 1 0 0 . . . 0

0 0 C1
...

...
... . . .

0 0 . . . C5 0
0 0 . . . −1


13×13

, (36)

where Id×d are d−dimensional identity matrices and C1 . . .C5 are 2× 2 matrices given by
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Cf =
[

cos(λf ) sen(λf )
−sen(λf ) cos(λf )

]
. (37)

In this formulation the non-observable components matrix writes

αt =



µt
βt
γ1,t
γ∗1,t
...
γ5,t
γ∗5,t
γ6,t


, (38)

and the hiperparameter vector to be estimated is given by θ(σ2
ε , σ

2
η, σ

2
ζ , σ

2
Ω).

By representing the model defined in Eqs. (26)-(30) in the state space formulation, and by utilizing
the Kalman filter for the estimation of the unobservable components, a smoothed estimate of the
trend component µt can be obtained for the series of estimates of prices relatives R̃t. The trend
estimates can then be used for the calculation of the inflation of the ED and MORD subitems.

6. Results and prices microdata

6.1. Discussion of the results

Though the PNADC series started in 2012 and the PME ended in 2016, the adoption of the PNADC
data for estimation of the inflation of the subitems ED and MORD only occurred in may 2018. Due
the revision policy of the CPI the results presented here are limited to the time window starting in
may 2018. However, the prices microdata for the whole PNADC series is available for researchers as
presented in Section 6.2.

In Figures (5)-(6) the series of inflation estimates of the subitems ED and MORD are displayed
for three different approaches: the one using the “raw” PNADC data (PNADC via the procedures
described in Eqs. (17)-(21)), the estimates of the trend component of the time series and estimates
derived via the yearly variation of the official brazilian minimum wage6 (MW). As can be seen, the
trend estimates obtained via the time series approach are much more smoother than the results
derived by the PNADC via the procedures described in Eqs. (17)-(21), though in this time range
the magnitude of the fluctuations of the PNDAC “raw” estimates is smaller than those observed for
the whole time window observed in Figures (3) and (4).

In the period shown, the inflation of the subitem ED given by the trend component is always
superior to the inflation presented by the minimum wage with a slight decreasing movement after

6The monthly estimates of the minimum wage are obtained via extracting the 12-th root of the yearly update of
the minimum wage (for further details see Ref. IBGE [2016a]).
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09/18. One should also note that during the period analysed the trend’s monthly prices relatives
estimates were always greater than the unity implying in a upward inflationary movement for this
subitem in the role time window which is more clearly observed in the index number series plot
shown in Figure 7.

For the relatives estimates of the subitem MORD (shown in Figure 6) on the other hand the trend’s
prices relatives estimates show oscillatory movements. An upward movement of the trend series is
observed until 11/18 where the series starts to drop. Another important feature of this subitem
is the observation of periods with downwards inflation movements as observed in Figure 7 and
which are related with prices relatives lesser than the unity. Also notable is that the trend’s prices
relatives only exceeds those of the minimum wage estimates during a small window of three months.
As observed in Figure 7, the upturn movement is not enough to compensate for the deflationary
period of this category and the number index series for this subitem never reaches the minimum
wage series in the range analysed.

The results revealed by the trend estimates seem to be in good agreement with the brazilian
economical scenario where a high drop in the economy has presented a great impact in the labour
market specially for those activities related to the construction sector. The modest recovery of the
economy in the last year combined with a longer period of salary drops might explain the upturn
movement of the MORD inflation in the period analysed.

Figure 5: Comparison of estimates for the prices relatives of the subitem ED. The solid, dashed
and dotted lines represents, respectively, the PNADC, trend and minimum wage estimates. The
PNADC estimate are those derived via the procedures described in Section 4 and the “trend” is the
trend component of such series derived by the procedure described in Section 5.
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Figure 6: Comparison of estimates for the prices relatives of the subitem MORD. The solid, dashed
and dotted lines represents, respectively, the PNADC, trend and minimum wage estimates. The
PNADC estimate are those derived via the procedures described in Section 4 and the “trend” is the
trend component of such series derived by the procedure described in Section 5.
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Figure 7: Index number series derived for the series of estimates of the trend components of the
subitems ED (red) and MORD (blue). Also shown for comparison the series obtained via the
minimum wage estimates.
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6.2. Prices microdata

The previous Sections described in detail the methodology derived for the estimation of the inflation
of the subitems ED and MORD via the PNADC survey. For researchers interested in working with
the prices microdata obtained from the PNADC for the subitems ED and MORD, IBGE has made
available monthly files containing the prices of matched individuals in months t and t− 3. The final
SNIPC sample weights for an individual of the domains of interest wtSNIPCl derived in Section 4
above is also provided in such files. The data available is the one before the outliers detection and
treatment process described in Section 4.2 and the time series approach presented in Section 5. The
microdata can be downloaded in the link7.

The data is only available for the national level of aggregation since for finer levels the results still
presented high volatility and their use for the calculation of the CPI was not considered appropriate.

7. Conclusions

In this work the problem of compiling the inflation for housekeeper and services for home maintenance,
two services components of the IPCA basket that are mainly characterized by informal jobs activities,
is presented. The main challenges in moving from the PME survey, previous source of labour’s force
information, to the PNADC survey are presented. The details for the derivation of an estimator
for the inflation of such subitems taking into account the complex sample design and sample
rotation scheme of the PNADC are discussed. The main steps necessary for the correct use of the
PNADC data are scrutinized. Finally, the structural modelling times series approach adopted for
the calculation of the estimates of the trend of the PNADC prices data are discussed. The results
obtained via the “raw” PNADC estimator and the trend component estimator are compared with
the estimates obtained via the brazilian official minimum wage. The estimates obtained via the
time series modelling approach show good agreement with the national economical scenario for the
period analysed revealing the power of the method and its superiority respective the minimum wage
approach which is insensitive to month conjunctural changes in the economy affecting the labour’s
market.

This work also serves as a tutorial for users interested in working with the prices microdata presented
in Section 6.2 for the ED and MORD subitems.
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