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Introduction

There has been a persistent curiosity about the predictability of consumer price inflation by looking at the pass-
through effect of prices from earlier stages of production.! The theory is that the prices of consumer items,
particularly goods, respond to cost pressures from the inputs to production. For example, iron ore is an input to
the steel industry, which in turn fabricates products used by automotive manufacturers. The finished cars pass

on to dealerships, and are sold to consumers. All else equal, a change in price in an important input gets “passed
through” the value chain to the consumer. In the actual economy, however, not all else is equal. Price formation in
a market economy does not occur on a “cost plus profit margin” model, but along the price that the market bears.
Consumers can show resistance to price increases by purchasing domestically produced or imported substitutes,
or by simply doing without. Producers similarly can substitute materials or otherwise reduce use of specific inputs.
Additionally, and returning to the example, following the higher cost of iron ore, competitive market forces may
adjust margins related to transportation, wholesale and retail in such a way as to absorb the price increase and
show little movement, if any, in final consumer prices.

This paper examines in particular a limited portion of the value chain, namely the predictive power of producer
prices of goods as measured by the Industrial Product Price Index (IPPI) on consumer prices, as measured by the
Consumer Price Index (CPI). Specifically, the question to what extent producer prices predict consumer prices, is
of heightened current interest. The study focuses on price series excluding the energy component.2

Presently, there is a surge in popularity in predicting the direction of future consumer price inflation. Inflation

has been low and predictable for 30 years in Canada and shows the success of the Bank of Canada’s policy of
inflation targeting. First introduced in 1991, the Bank of Canada aims to keep inflation at the 2 percent midpoint

of an inflation-control target range 1 to 3 percent. Internationally, the Central Banks of the UK, Australia, New
Zealand, the EU and the USA have pursued similar policy goals. Inflation has been around the 2% mark for our
key trading partners for a long time now. Several events, however, have led to questions by prominent economists
as to whether Central Banks will continue to be able to pursue inflation targeting in the same way as they have the
last 30 years.® First, monetary policy has been expansionary for the better part of 20 years and particularly so
since the financial crisis that started in 2008. Both centrally administered, as well as mortgage, interest rates have
been kept low and thereby boosted credit and money supply, where a particularly strong acceleration of monetary
expansion during the pandemic led to an increase in total credit to the economy at more than twice the rate of
GDP. Second, the pandemic led to expansionary fiscal policy of unprecedented fiscal deficits.

1. The literature goes back to at least the early 1980s. A more recent investigation of the topic is in: Woo, Kaiyin and Jia, Linxuan: “Threshold Cointegration and Causality between CPI and IPPI in
Selected Countries— Some International Evidence” Hongkong Shue Yan University Working paper series, 2013.

2. The focus of this paper is the predictability of consumer price inflation, rather than a study of the pass-through effect, per se. For this reason, the main inflation measure excludes the volatile
energy component and thereby comes closer to the Bank of Canada measure.

3. See for example, “Former Fed Chair Greenspan Joins Growing Chorus of Inflation Warnings”, https://www.ccn.com/fmr-fed-chair-greenspan-joins-growing-chorus-of-inflation-warnings/
(2020-09-13).
Specific to Canada, “Bank of Canada says inflation could remain hot if pressures persist”, Reuters, https://www.reuters.com/technology/bank-canada-says-digital-transformation-helped-
economy-cope-with-covid-19-2021-06-10/
The Conference Board of Canada wrote: “Inflation accelerated again in May (2021) to 3.6% ... Going forward, we expect strong consumer spending coupled with supply shortages will keep
inflation hot for the rest of 2021.” (Feng, Anna, Conference Board of Canada, “Inflation hits a decade high”, June 16, 2021, https://conferenceboard.ca/insights/featured/canadian-economics/
inflation-hits-a-decade-high).
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Mortgage and Housing Corporation, conventional mortgage lending rate, 5-year term.

Chart 2

Fiscal balance, governments, all levels (last 4 quarters)
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Chart3
Total Business and Household Credit (percent of GDP)
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The macroeconomic outcomes of current economic events on consumer price inflation are unknown, but have led
to a renewed interest in identifying advance signals of consumer price inflation. One traditional approach, already
alluded to earlier, is to start with the observation that producer prices at earlier stages of production can be viewed
as the price of inputs, which are in turn used in the production of final goods. In this uncomplicated view, the IPPI
for first stage intermediate goods, second stage intermediate goods and final goods correspond to different input
goods linked by their respective place in the different stages of the value-added chain, before goods eventually
arrive at retail outlets, where prices get measured by the CPI. In short, changes in prices along the chain of
production should link changes in the IPPI to changes in the CPI. This is the often-mentioned pass-through effect.

Statistics Canada has previously examined possible pass-through effects in 1997 and in 2009.* The earlier study
used VAR modelling and found no useable predictive power of the IPPI for the CPI, including for the restrictive
definition of the IPPI excluding energy and the Goods-only CPI. The later study found statistical links in some

time periods, but identified no solid predictive relation that could be used going forward. Numerous international
studies have also failed to identify consistent pass-through effects.® Results vary between significant and
insignificant and even the direction of causation of producer prices to consumer prices has been found to be
reversed. With the exception of energy (gasoline) and some food products, the conclusion from the literature is
that economists cannot use, however defined, the IPPI to predict movements in the CPI in a way that is valuable to
policy makers.

Data and methods

The article studies predictive relations between producer and consumer prices separately for three levels of
aggregations: top-level, mid-level and detailed commodities, based on Statistics Canada’s IPPI and CPI programs,
from January 2000 to October 2021. The top level of aggregation examines the IPPI excluding energy and the

CPI excluding energy using inflation cycle analysis as well as Vector Autoregressive (VAR) models or Vector Error

4. Prud’homme, Marc and Kostenbauer, Klaus ,,Do producer prices predict consumer prices?*, Economic Conference, Statistics Canada, 1997 and MacKay, Devin ,, The dynamics of price
transmission between producers and consumers®, Statistics Canada, 2009.

5. Examples include Woo, Kaiyin and Jia, Linxuan: “Threshold Cointegration and Causality between CPI and IPPI in Selected Countries— Some International Evidence” Hongkong Shue Yan
University Working paper series, 2013 and Aviral Kumar Tiwari: “An empirical investigation of causality between producers’ price and consumers’ price indices in Australia in frequency
domain” Economic Modelling Volume 29, Issue 5, September 2012, Pages 1571-1578.
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Correction Models (VECM).® The mid-level aggregates studied are groupings that are available for both the IPPI
and the CPI: food, passenger vehicles, household appliances, household cleaning products, and furniture.” The
primary analysis tool are graphical descriptions and Pearson correlations. Finally, what makes the current study
novel is its investigation of the predictive power of producer prices on consumer prices at the lowest level of
aggregation, such as beef and cheese. Methods used are graphical analysis and VAR or VCEM models.

Beyond the 2000-2021 time frame, the study starts with an overview and assessment of the predictive link from
the last 40 years.

Chart 4
IPPI and CPI
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Source: Statistics Canada. Table 18-10-0004-13 Consumer Price Index by product group; Statistics Canada. Table 18-10-0265-01 Industrial product price index, by major
product group, monthly.

The sustained fall in consumer price inflation during the early 1990s coincided with the policy regime change
towards inflation targets. Between 1992 and 2020, consumer price inflation was within a narrow range of
0.8-3.6%. The period between 2004 and 2020 in particular have showed remarkably stable inflation, with the
CPI anchored to a tight band between 0.7-2.8%. The band had been maintained by the Bank of Canada’s
management of inflationary expectations, whereby employers, labour and consumers resisted wage and price
increases that extended above the target range. The same period, however, had been marked by pronounced
fluctuations in producer prices.

Table 1 shows turning points in the IPPI (rather than by business cycles) where the peak to trough, or trough to
peak, movement was greater than 5 percentage points (pp), together with the corresponding CPI response. Based
on this method, the CPI responds to the IPPI, with a lag, in 10 of the 12 occurrences. These data demonstrate a
weak predictive power of the IPPI, the CPI moving within its narrow target band. For the most part, the lags are
quite short. For illustration, the IPPI dropped by 13.1 pp in the course of the financial crisis 2008/09 and reached
its low in October 2009. The CPI reached its trough 2 months later, in December 2009, with a modest fall of 1.6 pp
from its prior peak in November 2008. It bears noting that in some cycles, the CPI moves independently from the
IPPI, particularly in the cycle that ended in 2015.

6. Atechnical guide is “Co-Integration and Error Correction: Representation, Estimation and Testing”, R.F. Engle and C.W.J. Granger, Econometrica, Vol. 55, No. 2, 1987, pp.251-76.
7. These categories have meaningfully close commodity definitions in the IPPI and CPI.
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Table 1
Turning points in the IPPI

PPI PPl movement trough-peak (percentage points)  CPlI movement trough-peak (percentage points) Lag (months)
Jan-90 trough -7.3 -1.3 6
Jan-93 peak 7.6 1.3 1
Nov-96 trough -11.6 -2 6
Nov-03 trough -5.9 -2.5 3
Jun-04 peak 8.9 0.5 1
Feb-08 trough -1.7 -1.5 1
Oct-08 peak 1141 1.6 1
Oct-09 trough -13.1 -1.6 2
Aug-11 peak 9.8 1.6 1
Aug-12 trough -6.5 -1.7 5
Sep-15 peak 55 1.7 -8
Dec-20 peak 5.6 -0.9 -4

Source: Statistics Canada. Table 18-10-0265-01 Industrial product price index, by major product group, excl. energy and petroleum products, monthly; Statistics Canada. Table 18-10-0004-13
Consumer Price Index by product group, excluding energy; author's calculations.

The results from VAR models (Granger causality) show that movements in the IPPI unidirectionally caused
movements in the top-line CPI aggregates between 2000 and August 2021. & The predictive relation held for the
CPI excluding energy and the CPI goods excluding energy aggregate.® Over the most recent ten-year period, the
relation was however unusable for confident prediction because Granger causality was either absent or flowed
bidirectionally.”® Results from the Granger tests are in Appendix “A”.

The results from the VAR models and the analysis of inflation cycles point in the same direction. There is a weak
and variable predictive link, if any, between movements in the IPPI and later movements in the CPI.

Mid-level aggregates

At mid-level aggregates the extent of overlap of commodities sold and consumed between the IPPI and CPI
increases conceptually. For example, there is a higher level of conceptual overlap within the coverage of
automobiles in the CPI and IPPI, than there is within the total IPPI and CPI. From the higher conceptual overlap,
however, does not necessarily follow that producer prices and consumer prices will show stronger correlations.
One such instance can occur where the domestically produced items are a small subset of consumer purchases.
For example, relatively few of the clothing items Canadians purchase are produced in Canada. The ones that are
produced and purchased domestically might show quite different price movement compared to the imported
items. Conversely, in markets where exports predominate, the IPPI reflects to a high extent prices received in
foreign markets rather than the Canadian marketplace, such as automobiles. Finally, the IPPI and CPI in certain
instances have quite different coverage, for example, the IPPI for furniture includes sales to all clients, not just
consumers. Office furniture prices may move quite differently compared to consumer furniture.” In short, the
predictive power of the IPPI may be no stronger at the mid-aggregate level compared to the headline number,
indeed, in some instances, it may be lower.

This study presents five mid-level aggregates available for the IPPI and CPI: food, passenger vehicles, furniture,
household appliances and household cleaning products. The charts show the year-over-year price changes for the
IPPI (in red) and the CPI (in blue). The table reports the Pearson correlation coefficient for various lag structures.

8. The concept of “causality” can and has stirred philosophical debate. Nobel Laureate Clive Granger defined causality as the ability to predict the time path of variable Y by using lagged
variables of X, and obtain a superior result than by using lagged variables of Y alone.

9. The CPI goods excluding energy aggregate is a special tabulation done for this study.

10. A bidirectional result, whereby the IPPI and the CPI predict each other, is indicative of a third (typically unknown) factor that influences both.

11. The time period chosen in this study is from the year 2000 to October 2021. For this reason, industry-based (NAICS) IPPI indices have been used. From 2010 onward, commodity-based
(NAPCS) indices are available that allow a closer match of IPPI to CPI in some instances.
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Chart5
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Source: Statistics Canada. Table 18-10-0004-13 Consumer Price Index by product group, monthly, not seasonally adjusted; Statistics Canada. Table 18-10-0267-01 Industrial
product price index, by industry, monthly, NAICS 311.

Chart 6
Passenger vehicles

percent (12 month change)

23

18

13

-7

-12

-17
Jan-01 Sep-02 May-04 Jan-06 Sep-07 May-09 Jan-11 Sep-12 May-14 Jan-16 Sep-17 May-19 Jan-21

——CPI ——PPI

Source: Statistics Canada. Table 18-10-0004-13 Consumer Price Index by product group, monthly, not seasonally adjusted; Statistics Canada. Table 18-10-0267-01 Industrial
product price index, by industry, monthly, NAICS 33611.
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Chart7
Household appliances
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Source: Statistics Canada. Statistics Canada. 18-10-0004-13 Consumer Price Index by product group, monthly, not seasonally adjusted; Statistics Canada. Table 18-10-0267-01
Industrial product price index, by industry, monthly, NAICS 3352.

Chart 8
Furniture
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Chart 9
Household cleaning products
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Source: Statistics Canada. Table 18-10-0004-13 Consumer Price Index by product group, monthly, not seasonally adjusted; Statistics Canada. Table 18-10-0267-01 Industrial
product price index, by industry, monthly, NAICS 3256.

Table 2
Pearson correlation (PPI lagged on GPI)

0 months im 2m 3m
Food 0.40 0.32 0.23 0.14
Passenger vehicles -0.07 -0.09 -0.10 -0.11
Household appliances 0.32 0.29 0.25 0.22
Cleaning products 0.12 0.03 -0.01 -0.06
Furniture 0.05 0.02 0 -0.01

Visual inspection of the graph for food shows that a correlation between cycles in the IPPI and the CPI exists in a
majority of the periods. The correlation, however, is variable in its lag and extent, and is absent in some periods."?
The remaining aggregates show visually and statistically negligible correlation.

The conclusion from the mid-level aggregates is that the predictive power of producer prices on consumer
prices has been low to non-existent, except possibly for food, where a weak predictive link exists. The fact that
contemporaneous correlations are stronger than lagged correlations (Table 2) is indicative that both producer
prices and consumer prices respond to external factors, rather than to each other. Overall, the results from the
mid-level aggregates point in the same direction as those from the top-line aggregates.

Low level aggregates

The method starts by identifying, at the lowest level of aggregation, commodities that are closely related in their
IPPI and CPI definitions. Twenty such commodities were identified and the graphs show representative results
for nine of those (for space reasons).’®* An example is butter. In the IPPI, fresh packaged butter as it leaves the

12. The standard interpretation of Pearson correlation coefficients is, (a) no or negligible correlation (0 to 0.30), (b) low correlation (0.30 to 0.50), (c) moderate correlation (0.50-0.70) and (d) high
correlation (0.70-0.90). Negative correlations carry a negative sign.

13. The majority of the commodities not shown have shorter time horizons due to their NAPCS series starting in 2010. The series are (with NAPCS in brackets): beers sold in establishments/
stores (21111), wine sold in establishments/stores (21112), liquor sold in establishments/stores (21113), passenger cars (41111), light trucks (41112), packaged tea (19113), edible oils
(18211), fresh milk (17311), ham and bacon (172152).
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creamery is identified by NAPCS 173121. When the producer price for fresh butter changes, a pass-through
effect would be expected to show up in consumer prices. The pass-through effect will not be perfect, as margins
related to transportation costs, wholesale, retail and taxes can buffer the effects before reaching the grocery store
shelves. A visual inspection of the graphs however shows substantially different price indices corresponding to
each IPPI/CPI pair for a majority of the commodities.

VAR modelling showed the presence of a predictive short-term link in some commodities; however, where the
results were statistically reliable, the effect was muted. For example, after a percentage point increase in the price
of pork on the producer side, consumer prices on average increased by 0.078 percentage points one month later.
The magnitude of response did not increase after and the cumulative response remained at 0.071 percentage
points twelve months after the initial increase in producer prices. In other cases, such as butter, the initial response
to an increase in producer prices on consumer prices was higher, (0.49 percentage point after one month), but
was not persistent. In the case of butter, after twelve months, the cumulative response was reduced to a muted
0.11 percentage point response.

Similarly, Granger causality was generally absent. A particularly striking finding was that no relation was found
between some closely related food items. The primary ingredient in making bread is flour. Granger causality
between the IPPI for flour and the IPPI for bread was tested, and none found. Likewise, there was no Granger
causality between the IPPI price of bread and the CPI price of bread.

These observations are consistent with evidence from the graphical representations above and are consistent with
the findings from the intermediate-level and top-level aggregates.

Chart 10
Prescription drugs
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Chart 11
Ice cream
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Source: Statistics Canada. Table 18-10-0004-13 Consumer Price Index by product group, monthly, not seasonally adjusted; Statistics Canada.Table 18-10-0266-01 Industrial product
price index, by product, monthly, NAPCS 17314.

Chart 12
Cheese
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Chart 13
Butter
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Source: Statistics Canada. Table 18-10-0004-13 Consumer Price Index by product group, monthly, not seasonally adjusted; Statistics Canada. Table 18-10-0266-01 Industrial product
price index, by product, monthly, NAPCS 173121.

Chart 14
Fresh or frozen chicken
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Chart 15
Fresh or frozen pork
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Source: Statistics Canada. Table 18-10-0004-13 Consumer Price Index by product group, monthly, not seasonally adjusted; Statistics Canada. Table 18-10-0266-01 Industrial product
price index, by product, monthly, NAPCS 17212.

Chart 16
Fresh or frozen beef
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Chart 17
Packaged coffee
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Source: Statistics Canada. Table 18-10-0004-13 Consumer Price Index by product group, monthly, not seasonally adjusted; Statistics Canada. Table 18-10-0266-01 Industrial
product price index, by product, monthly, NAPCS 191111.

Chart 18
Beer purchased in stores
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product price index, by product, monthly, NAPCS 21111.
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The results are interesting economically and discouraging for forecasting purposes. They are interesting
economically, as they are consistent with a view that intermediation margins between the factory gate and the
retail outlet have a strong influence on movements of consumer prices, to the point of lastingly negate cost and
price impulses from the producer side. The same lack of visible “pass through” from the most detailed commodity
level, however, is discouraging for forecasting purposes. As a group, the lowest aggregates of the IPPI do not
show convincing predictive power on corresponding CPI aggregates. In consequence, expectations for a solid
predictive link on higher aggregates, where compositional factors figure in more strongly, are low. Overall,
however, the link between producer and consumer prices at the lowest level of aggregation is weak, at best, and
places serious doubts on using lagged producer prices to predict consumer prices.

Impact of the pandemic and lumber prices (February 2020 - October 2021)

The pandemic has caused economic dislocations that have resulted in a marked increase in the IPPI. Strong
increases in the price of lumber in particular were widely reported in the media and have caught the public eye.
The events taken together with highly accommodative fiscal and monetary policy have raised questions if the
response of the CPI will remain mute in the face of rising price pressures lower down the production chain. A
reminder is useful at this stage that inflation is a broad-based phenomenon where prices rise in unison for a
majority of items, and not just that a few items go up in price.

Chart 19
Construction materials in the IPPI
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Source: Statistics Canada. Table 18-10-0266-01 Industrial product price index, by product, monthly, NAPCS 241, P63, P81

The cost of construction materials in the course of the pandemic increased at rates that reflected various

bottlenecks and ranged from barely noticeable such as cement, to moderate such as metal products, to dramatic
in the case of lumber. The Building Construction Cost Index (BCPI) measures the cost of building single-detached
homes as well as townhouses." Costs are up by approx. 30% since the start of the pandemic, on the most recent
measures. The increase in the price of lumber raised construction costs noticeably, according to industry reports.

14. The BCPI measures contractors’ prices to construct new commercial, institutional, industrial and residential buildings and covers six non-residential structures and five residential structures.
Each structure is synthetically defined with a set of detailed definitions, for which contractors provide their best estimate of price (model pricing approach).
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The CBC quoted the Canadian Home Builder’s Association, which said that lumber raised construction cost of a
typical townhouse by $10,000 and by $30,000 for a house that is 230 m? in size."

®The New Housing Price Index (NHPI) measures the prices builders receive for selling new homes to consumers,
and is thereby a broader measure of home price inflation."” The structure component of the NHPI has increased
approx. by 19% since the start of the pandemic.

Chart 20
NHPI vs Building Construction Cost
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Source : Statistics Canada. Table 18-10-0205-01 New housing price index, monthly; Statistics Canada. Table 18-10-0135-01 Building construction price indexes, by type of building;
Statistics Canada. Table 18-10-0004-04 Consumer Price Index, monthly, percentage change, not seasonally adjusted

The NHPI is a component of the CPI and the driving factor that measures the replacement cost of housing
(depreciation), which is an integral part of the home ownership “user cost concept” used in the CPL.'® The CPI
basket weight of the replacement cost component is 5.6%, and the overall effect of high construction costs on the
CPI, muted.”

Conclusion

The issue regarding the predictive power of the IPPI on the CPI periodically comes up at Statistics Canada. This
is the third study that looked at the topic in detail. Each study took a different approach and angle. Except for
energy (gasoline) and some food groupings, none found an economically meaningful persistent predictive link.
The conclusions of this paper are fundamentally the same as those of the two previous studies, and the broader
literature. As a group, the various national and international studies have not found discernable stable and
consistent relationships between producer price aggregates and consumer price aggregates that can be used for
prediction.

This is unsurprising. Given the lack of evidence of a predictive link at the most disaggregated level for most basic
commodities, it is even likely that to the extent that relationships are found in some time periods and not others,

15. “Lumber prices expected to stay high for a few years: Canadian Builders Association”, CBC, 2021-03-18, https://www.chc.ca/news/canada/windsor/renovations-windsor-prices-
high-1.5955243

16. See table Table: 18-10-0266-01, Industrial Product Price Index by product.

17. The NHPI is available separately for the structure and land components. It does not include costs related to building design, land development and real estate fees.

18. Owned accommodation accounts for 16% of the CPI. Conceptually, owned accommodation is considered an investment in the System of Macroeconomic Accounts. Statistics Canada employs
a user cost approach to estimate the cost of services provided by a housing unit based on the costs of owning and occupying a dwelling. The most important component of user cost is the
depreciation of the housing unit and the NHPI serves to estimate the depreciation allowance.

19. See table 18-10-0007-01, Basket weights of the Consumer Price Index.
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or with reverse causalities, spurious statistic random relationships predominate. At best, predictive power is
muted and moderate. The substantial conclusion is the following. If there were strong IPPI increases to come,
there is no evidence in the data that the CPI will increase to an extent where it moves outside the Bank of Canada
target range. In general, there is no consistent relationship between the IPPI and CPI for the time period under
examination.
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Appendix

Appendix

Granger causality tests

Dependent var. Independent var. Time frame Granger causality
CPI excl. energy PPI excl. energy 2001-2021 Yes
CPI-goods PPI 2001-2021 Yes
CPI-goods excl. energy PPI 1995-2018 Yes

CPI food PPI food (NAICS) 2001-2021 Yes

CPI meat PPI meat 2001-2021 Yes

CPI beef PPI beef 2001-2021 Bidirectional
CPI pork PPI pork 2001-2021 Bidirectional
CPI poultry PPI poultry 2001-2021 Yes

CPI butter PPI butter 2001-2021 Yes

CPI coffee PPI coffee 2001-2021 No

PPI bread PPI flour 2001-2021 No

CPI bred PPI flour 2001-2021 No

CPI bread PPI bread 2001-2021 No

CPI passenger vehicles PPI automotive (NAICS) 2001-2021 No

CPI cleaning products PPI cleaning products (NAICS) 2001-2021 Yes

CPI appliances PPI appliances (NAICS) 2001-2021 No

CPI appliances PPI appliances (NAPCS) 2001-2021 No

CPI furniture PPI furniture (NAICS) 2001-2021 No

CPI furniture PPI furniture (NAPCS) 2001-2021 No

CPI clothing PPI clothing (NAICS) 2001-2021 No

CPI tobacco PPI tobacco (NAICS) 2001-2021 Yes
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