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Introduction



Price statistics and alternative data sources: not only

collection!

Digital revolution is promoting new commerce platforms and services that are shaping the
consumers habits.



Price statistics and alternative data sources: not only

collection!

As a consequence, new data sources emerged with rich information for the production
of price statistics.

Incorporating such sources for the production of statistics is a problem that can go 
beyond just "collecting" the data.

Features such as the source characteristics, the kind of price statistic to be produced, 
the approach to incorporate the data etc should be taken into account..

Today, I intend to discuss some of these issues regarding the construction of consumer
prices indices (CPI).



Basic aspects of CPIs



What is CPI?

Indicator that aims to track the evolution of prices of goods and services consumed by households.

It is very present on peoples lives due its popularity in the news and the impact on families budgets.

How do we build a CPI?

Different indicatorscan be derived according to different methodological concepts and uses.

Practical considerations as the data sources available.

One of the most used frameworks is to build a CPI which aims to track the evolution of prices for a 
given basket of products for a given population of interest. This approach is known as the Cost of
Goods (COGI).



Overview SNIPC

INPC IPCA IPCA-15 IPCA-E

Geo coverage 16 aeas 16 areas 11 areas 11 areas

Collection period
1st to 30th day of the 

month t
1st to 30th day of the 

month t
16th of month t-1 to to 

15th of month t
-

Periodicity Monthly Monthly Monthly Quaterly

Target population
Urban sallaried families with 
incomes ranging from 1 – 5 
Brazillian minimum wages. 

Urban families with incomes 
ranging from 1 – 40 Brazilian 

minimum wages.
Same as for the IPCA Same as for the IPCA

Source of weights POF (HBS) POF (HBS) POF (HBS) POF (HBS)

Main uses

Used as index for the 
readjustment of pensions and 

sallaries.

Inflation for low income 
families

Official measure of inflation 
adopted by the Brazilian 

Central Bank.
Preview of the IPCA

Used as an index for some 
contracts of taxes.



Bulding the basket

POF

Building the basket: SNIPC case example.

POF: income and expenditures Classification system
from households



SNIPC bottom-up structure

Each area has its own basket and indicators are produced for each of them for each level of the 
classification structure.

National result = aggregated result of the areas

Areas covered by different 
CPIs of the SNIPC.

National CPI

CPI for area 1 CPI for area n

Aggregation of 
local CPIs

Areas indices

Local baskets 
derived for 

each area from 

the HBS (POF)



Elementary aggregates and index formulas

SNIPC's elemantary aggregate

How to derive the indicators for the different levels of aggregation?

Two stages: elementary aggregate formulas and higher level ones.

Elemantary aggregate: lowest level for which explicit weights are given (by HBS, National accounts etc).

Higher-level formula:

National CPI

Areas CPIs

Levels where explicit weights are 
given by the households budget 

survey (POF)

Products whose price quotes are collected

Index for the different 
areas

National Index derived via 
aggregation of areas 

indicators



Products and elemantary formulas (SNIPC)
Elementary formula determines how to aggregate the prices from different varieties of products to generate
the elemantary indices.

Product 1
White rice, brand y, 
package with 500g

Product 2
Black rice, brand z, 

package with 1000g

N-th Product

Subitem
Rice

price store 1
price store 2

.

.
price store m

price store 1
price store 2

.

.
price store k

Prices product's
at different retailers

Calculation of prices
relatives of a given product

Aggregation of prices relatives of
different products.

Elementary index for 
subitem α at area l



Linking 

Short term chaining used at SNIPC. Base period is equal to the t-1 period.

Indices for a given pair of periods 0 e t are obtained via chaining of the month-on-month indices.



Other architectures

HICP methodological manual, Eurostat, 20218.



Other formulas 

Base period fixed at 0.

Disadvantage: sample can be depleted and become unrepresentative along time.

Advantages: no chaining bias issues.

Other formulas like weighted and multilateral being explored for the use of alternative data 
sources that also can minimize drift issues.

Choice of best formula relies on theoretical and practical aspects.

Direct indices



Traditional collection vs alternative data sources



Three basic questions

Price quote = location x specification x period

In order to obtain a price quote it is necessary to answer three basic questions:

1) Where to collect?

At what retailer, address, phone, site

2) What to collect?

What product and what is the price definition to adopt.

3) How to collect?

Mode of collection, at what frequency.

Location Product Period of collection

Mercado São João Arroz Tio José, 2Kg 1 semana do mês

Mercado São José Arroz Tio José, 5Kg 2 semana do mês



Tradicional answers by SNIPC

1) Where to collect?

PLC

For each subitem:

Retailerschosen via business frames (CEMPRE), web, UEs etc

Field collector confirms the adequacy via in-person visit. Also manual checks on web sites and
other sources.

2) What to collect?

PEPS + concept of price to track

Most popular varieties chosen based on information from retailers' staff.

3) How to collect?

In-person visits, e-mail, phone, web, apps, business registers.

In most of the cases the frequency of collection is monthly.



Alternative data sources vs traditional 

Alternative data sources are rich in information for the production of statistics, however usually
are not structured to do so.

For prices statistics, important sources are being considered for the production of CPIs.

Main alternative data sources: scanner data, web.



Alternative data sources vs traditional

Important points:

Sources with different characteristics even 
for the same retailer.

Consumption representativity and 
geographical coverage.

Offer prices x transaction prices

Available information.

Frequency.

Main alternative data sources: web, 
scanner data.

Traditional



Main similarities/differences

Scanner data

Transaction price.

Unit price

Transaction data*

Transacted quantities.

Product identifiers: GTIN, SKU.

Product descriptions.

Proprietor classification.

Outlet code.

Allows geo dissagretgation

Refunds and discounts

High frequency information

Web data

Individual offer quotes

Mean price for offers in a given period.

Collection data

No information on quantities.

Products' identifiers: links, products codes.

Product descriptions.

Propreitor classification.

Outlet link.

Poor Geo dissagregation.

RIch in additional attributes.

High frequency information.



Web as a source for prices indices



Web data useful for CPIs

Product code, product 
description

Product price.

Additional attributes:



Web scraping

HTML of a site.

Browser access such information and 
presents in a user-friendly way.

Other programs can also access such 
data and put them into a structured 
way fit for purpose.

Tools that do this are known as 
web scrapers.

Interesting because allow automatic 
extraction of data in efficient and 
timely manner.



Pioneering uses of web scraping for CPIs

MIT, Billion Prices Project, 2008.

Cavallo e Rigobon, JEP, 

2016.



NSOs studying the web for CPIs



Use of web for CPIs: what are the goals?

Different applications can be devised.

For official CPIs

1) Optimization of collection techniques. Replacement of manual collection via automatic one.

2) Improvement of CPI coverage: inclusion of web stores on the sample, expansion of varieties and 
elements of the basket.

3) Methotological improvements: collection of attributes for quality adjustment, high frequency 
collections, study of other index formulas.

Other uses

4) CPI for the web: demands a basket which portraits the expenditures of consumers on the web

5) Web index for forecasting of official CPIs: use of web prices but baskets of the official CPIs. 
Example financial institutions, Billion price project etc.



Development of a web project for CPIs

Description of several points to consider to use 
the web for CPI compilation.

Some countries experiences.



Development of a web project for CPIs

Important points:

1) Data available via APIs or scanner data?

2) Phases of the project:

A) Development

• What is the goal/application?

• Which sectors of the basket / sites consider?

Products with a larger online presence, with potential to optimize substantially the collection 
process, with stable and representative sites etc.

• Evaluation of the site's structure and if scraping is allowed

Previous inspection on the information available and what is the site's policy for scrapers..



Development of a web project for CPIs

• Home-made technology or use of third party services?

• Extraction approach: targeted or bulk.

Targeted: performs extraction according predefined parameters. Results returned already fit for 
purpose.

Advantage: integration within the CPI does not require relevant structural or methodological 
changes.

Disadvantage: limited use of the data.

Bulk: extraction of the most data available and possibly at high frequencies.

Advantages: most use of the data, development of more accurate indicators.

Disadvantages: many methodological and structural challenges.

• Identification/development of the scraper: evaluation of the site structure and the IT 
infrastructure required.



Development of a web project for CPIs

B) Analysis and validation

• Control and validation of data collected.

Make sure that data is being collected properly, the correct variables, if the files have comparable 
sizes along time, duplications are identified, detection of outliers etc.

• Analysis of a series of data extracted.

Web does not provide backwards data. It is important to have a series to validate the results.

Analysis of site stability.

Evaluation of methodological changes, in case they are necessary.

• Integration and methodological changes.

Evaluate how to integrate the data to the IT systems.

If methodological changes are required, which?



Development of a web project for CPIs

• IT system changes

Evaluate if new functionalities are necessary

• In case of changes, test of IT system.

C) Production

• Data integration to CPI regular production.

• Maintenance of the scrapers in the production process.

Fix the scrapers according to structural changes in the sites or other problems that may rise.



Targeted web scraping



Which scraper to use?

Targeted approach: given some target inputs, extract outputs similar to those of the manual 
collection.

Which scraper to use? Point and click generic interface or coded?

Generic interface:

Demands more manual work to insert the inputs for the collection. Interesting when the 
manual work is not demanding.

Most useful for products with centralized collection which considers fewer products possibly in 
a different number of sites.

Coded Scraper 

Most useful for monopolized sectors or sites that concentrate a large amount of information.

Interesting for cases where the manual collection is demanding.



Example of Generic Scraper

(Extraído do poster do RobotTool disponível no github do projeto dado 
abaixo).



Scraper via code: useful tools

Libraries:

Rvest

RSelenium

Libraries:

Urllib

Scrapy

BeautifulSoup



Scrapers via code. I. Airfares: gain in efficiency

Inputs Outputs

For the SNIPC, airfares used to be collected manually on the web by staff at the local units.

Inputs well defined (departure and arrival dates, for a given pair of cities and given profiles of 
tickets).

Monopolized marked is a key aspect here.



Airfares: changes on "how to collect"

Scrapers developed in house for the companies in the sample.

Results of the comparison in the analysis phase.

Running in production since january 2020.

Save efforts for the collection of up to 100.000 prices a month.

Changes only on how to collect. No methodological needs, only IT demands.

Ingrid Oliveira et al, paper presented at 
the Ottawa Group meeting in 2019.



II. Ride sharing services: coverage improvement

New challenges for CPI compilers with advent of 
digital services.

Some results of the last POF (HBS)

Challenges: what to collect, when and how?

Price components of the service:

• "Rigid" components

Base rates: per km rates
Booking fees

• "Flexible" component

Dynamic multiplier



Closer to taxis or airfares?

Different approaches can be developed based on the price components considered.

If only the "rigid" ones are taken to build a standard trip, this gives an approach similar to that for 
taxi services.

Price = (Base rate) x typical distance + Booking fees

Marked dynamics of this sector makes it closer to the pricing strategies adopted by airfares.

Other important issue: geographical breakdown may be less accurate.

Is it possible to derive an approach to track this behavior?

Ideally use of transaction data.

Web allows an alternative.



Definition of inputs

How to define what to collect?

Departure place: based on information from field staff on most popular places where people use 
the services. Touristic spots, comercial centers, passengers transportation terminals.

Mean distance: similar to mean distances for taxi services.

Arrival place: based on the inspection of departure point and mean distances.

Service category: most standard

Departure time: different departure times along the day considered for each route.

Frequency of collection: daily for weekdays.

Example of a given product:

Estádio Maracanã – Estádio Engenhão, standrad rate, 11 am, company x.



Results

Running in production since january 2020.

Results can capture geographical nuances and price dynamics in a timely manner.



Some aspects of bulk web scraping



Some aspects of the bulk approach

Collection of a large amount of products.

Collection frequency can vary and be high (weekly, daily, hourly etc).

Most common cases where it is adopted: clothing, electronics, food and beverage, transportation 
services, hotels etc.

However, important changes might be necessary.



Classification

One point that might deserve attention is the classification of the products into the CPI structure.

Over 500 
products.

manual 
collection 
considers only a 
reduced number 
of units.



Classification

Men's pants

Men's Jeans Twill pants Other pants



Classification

Men's pants

Men's Jeans Twill pants Other pants



Classification
Use of site classification structure

Use of attributes

Use of products description

Different approaches according different products categories and the classification system.

Simpler cases allow straightforward mapping. More complex cases might demand use of ML and NLP models. 
Manual work still necessary to produce training sets and to validate the results.



Match of products

Necessary to compare equivalent products along 
time.

However, products enter and leave the market 
temporarily or permanently by different reasons.

This leads to data churn and attrition of the data 
sets.

For chained indices this can lead to drifts.

K. Van Loon Stats Belgoium: Paper from 16 
Ottawa Group Meeting.

Matching decay along months



Issues with chaining

Products usualy enter the marked at higher 
prices and leave at lower ones.

Downward drift caused by 
not linking old and new 
products appropriately.

M. Bertolloto, Online Price Index with Product Replacement: The Closest-Match Approach, paper presented at the 16th meeting of 
the Ottawa Group



Closest match

Intends to find a closest match based on a similarity function to the products descriptions.

M. Bertolloto, Online Price Index with Product Replacement: The Closest-Match Approach, paper presented at the 16th meeting of 
the Ottawa Group



Homogeneous products

Instead of tracking a single product, follow the mean price of a homogeneous 
aggregate.

Different methods to build these aggregates in general based on products characteristics, attributes 
and prices.

Trade-off between level of homogeneity of the aggregates and matching along time should be 
evaluated.

Very tight aggregates will suffer from poor pairing. On the other hand, broad ones might suffer from 
bias.

Other approaches: hedonic models.

Elementary aggregate

Homogeneous product

Products Toothpaste A mint 250g, Toothpast A mint 
230g Toothpaste A strawberry 200g

Tooth paste

Toothpast A 200-300g Mean price

Products prices

Elemantary index



High frequency collection and time aggregation

Traditional collection

T'= number of prices collect in a month for a given product.

Store Product Price R$ Time of 
collection

Store A Product X 10 1/10/2021

Store A Product Y 12 5/10/2021

Store A Product Z 15 10/10/2021

Web collection at higher frequencies (for instance, daily)

Store A, product X px1, px2, px3, ... px30
Store A, product y py1, py2, py3, ... py30
Store A, produtct z pz1, pz2, pz3, ... pz30

Time aggreagationDaily prices for month t



Products aggregation

Store Product Mean monthly 
prices R$

Price for the 
homogeneous 
aggregate

Store A Product A PA_t
P1_tStore A Product B PB_t

Store A Product C PC_t

Product A
Product B
Product C

Product D
Product E
Product F

Use of arithmetic or 
geometric mean for 
aggregation. 



Elemantary indices calculation

Formulas to aggregate different products (or homogeneous products)

I) Unweighted formulas

Bilaterals: Jevons, Dutot

Multilaterals: GEKS-Jevons, Time dummy

Homog 
product 1

Homog 
product 2

Homog 
product 3

Elementary 
aggregate

Elemantary price index 
formulas



Weighted indices

II) Weighted aggregation

In the bulk extraction many nonrepresentative products can be given the same weight as the 
important ones.

There is some research ongoing in order to test the use of proxy weights for web products.

For instance, 

Use of monthly weights also allows adoption of more robust formulas. The choice of the best one 
relies on theoretical and practical concerns and is a topic of current research.



Incorporation into the classification system 

The structure of the CPI sytem is key for the incorporation of the data.

Weights at more elemenatary levels are very imoprtant.

Allows use of a broader class of 
products extracted from the web.

Restricts the products to be used.

From: Practical Guidelines on the use of web scraping for HICP.



Case example

Stats Belgium. Scheme for deriving indices for clothing from web data.

K. Van Loon Stats Belgoium: Redefining what products are in the context of scanner data and 
web scraping, experiences from Belgium. Paper from 16 Ottawa Group Meeting.



Practical example

Automated classification of web-scraped clothing data in consumer price statistics, article 1 ONS, September 2020.



Conclusions



Conclusions

Use of alternative data sources provide a great opportunity for the compilation of CPIs.

However, several aspects should be taken into acount beyond the collection, specially to integrate different 
sources to official CPIs programs.

The best approach for a given element of the basket should consider the characteristics of the traditional 
collection, the sites available, the scraping tools, methodological changes etc.

Targeted approach is more harmonic, though more limited.

Bulk web scraping allows greater use of data but may require profound changes in the CPI structure.

There is also potential for use on the compilation of different price statistics like in the ICP program. However, 
other challenges may rise.



Important initiatives



Important initiatives
e-handbook content

Packge with several functionalities already available.



Thank you for your attention!

vladimir.miranda@ibge.gov.br


