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FACTS

Data in Tables 1 and 3 in the paper are taken from the OECD’s Quarterly National

Accounts database. We obtain series for the countries listed in Table 1 in current

prices (CPCARSA) as well as volume estimates (VPVOBARSA) in US dollars at PPP

adjusted prices, and use the OECD’s reference year. The series are total private con-

sumption, investment in gross fixed capital formation, exports of goods and services,

and imports of goods and services. We define GDP to match the definition of the

model, that is the sum of consumption, investment, and the trade balance. Net exports

are defined as exports minus imports as a share of GDP. Price deflators are calculated

as the ratio of imports (exports) in current prices and their corresponding value in real

terms. Terms of trade are defined as the ratio of the price deflator for imports and
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the price deflator for exports. To construct the real exchange rate we obtain nomi-

nal exchange rates and consumer price indexes from the Federal Reserve Bank of St.

Louis (Federal Reserve Economic Data (FRED)). Hours worked series are constructed

from the OECD-MEI civilian employment index. “Rest of the world” aggregates are

constructed using data from all countries in Table 1 other than the US. Real exchange

rates between the US and this fictional country are computed using trade-weighted

averages, and hours worked are population-weighted averages. Weights correspond to

1995-2005 averages. Finally, to compute standard deviations and correlations we take

logarithms of each of the series (except for net exports, which can be negative) and

apply a Hodrick-Prescott filter to detrend them.

Columns 2 and 3 of Table 1 report the correlations between the terms of trade and

output and between relative consumption and real exchange rate for eleven of the largest

economies in the OECD between 1971 and 1998. In most cases the correlation between

output and the terms of trade is negative or close to zero, while US consumption relative

to other countries typically rises following a drop in the real exchange rate. Columns

4-7 of Table 1 show the same correlations for the period 1999-2019 and the changes

experienced. The correlation between output and the terms of trade is now strongly

positive for most countries, except for Canada. The Backus-Smith puzzle is weaker for

all but one of the eleven OECD economies in our sample (Australia).

All the listed countries introduced relevant changes in the way they adjust quality

in their CPIs during the nineties and beginning of 2000s. Moreover, all of them, except

Japan and Germany turned to geometric formulas (Jevon) between 1995 and 2003. This

change allows to account for household short-run substitution between goods of the

same subcategory and, therefore, helps controlling for quality variations in the basket

of consumption (see the discussion in the paper). One exception is the Netherlands
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who applied this change only in 2010. Therefore, the countries we list, although not

all of them at the same time, followed the wave of changes in CPI methodology to

account for quality variations. Indeed, the Boskin Commission Report Boskin et al.

(1996) was not the unique research deepening in the consequences of the treatment of

quality changes on CPIs. Around these years, some other authors were concerned with

this issue and tried to make statistical agencies reflect on it (See, for instance, Crawford

(1998), Cunningham (1996), and Eurostat (1999)). Hence, this pressure made agencies

start introducing changes on their CPI computations.

B DETERMINE SUITABLE ρ

The Standard Occupational Classification 2000 (SOC 2000) of the Bureau of Labor

Statistics, provides with a detailed classification of employees based on their work-

ing tasks (See http://www.bls.gov/oes/2009/may/oes_nat.htm#11-0000). It consid-

ers 821 detailed occupations and lists the tasks for every category. Data is collected

annually, but the classification changes over time. SOC 2000 finishes in 2009. However,

the changes from the immediately previous year, 1999, are not dramatic and we can

homogenize them to compare 2009 and 1999 (we cannot claim the same for 1998 data).

After revising the definitions for every occupation, we construct two measures of

quality tasks employees. We select occupations that imply the design, creation, inven-

tion, customization for specific clients or group of clients, research (and similar tasks)

on/of products and services, as well as the direct control of quality and its improve-

ment. We also include those occupations involved in the enhancement of the interest

of the public on goods and services (i.e., marketing activities). The first measure,

called broad measure, includes 53 categories. These categories are: Advertising and
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Promotions Managers, Marketing Managers, Sales Managers, Public Relations Man-

agers, Engineering Managers, Computer and Information Scientists (Research), Com-

puter Programmers, Computer Software Engineers (Applications), Computer Software

Engineers (Systems Software), Architects, Landscape Architects, Aerospace Engineers,

Agricultural Engineers, Biomedical Engineers, Chemical Engineers, Civil Engineers,

Computer Hardware Engineers, Electrical Engineers, Electronics Engineers (Except

Computer), Environmental Engineers, Health and Safety Engineers (Except Mining

Safety Engineers and Inspectors), Industrial Engineers, Marine Engineers and Naval

Architects, Materials Engineers, Mechanical Engineers, Petroleum Engineers, Engi-

neers (All Other: Mining, Geological and Nuclear are not included), Food Scientists

and Technologists, Chemists, Materials Scientists, Market Research Analysts, Agricul-

tural and Food Science Technicians, Commercial and Industrial Designers, Fashion De-

signers, Floral Designers, Graphic Designers, Interior Designers, Merchandise Display-

ers and Window Trimmers, Set and Exhibit Designers, Designers (All Other), Sound

Engineering Technicians, Chefs and Head Cooks, First-Line Supervisors/Managers of

Retail Sales Workers, First-Line Supervisors/Managers of Non-Retail Sales Workers,

Advertising Sales Agents, Sales Representatives (Services, All Other), Sales Repre-

sentatives (Wholesale and Manufacturing, Technical and Scientific Products), Sales

Representatives (Wholesale and Manufacturing, Except Technical and Scientific Prod-

ucts), Demonstrators and Product Promoters, Sales Engineers, Agricultural Inspectors,

First-Line Supervisors/Managers of Construction Trades and Extraction Workers, and

First-Line Supervisors/Managers of Mechanics (Installers, and Repairers). All of them

together represent a 6.57% of total employment in 2009 and a 5.74% in 1999.

The conservative measure is more restrictive. It includes 25 categories and it requires

the appearance of the words creation, design, conversion, product safety, conservation,
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new uses, discovery, quality, marketing or advertising in the definition. Moreover we

are cautious with a broad category labeled Industrial Engineers, which specifies that

they: “Design, develop, test, and evaluate integrated systems for managing industrial

production processes including human work factors, quality control, inventory control,

logistics and material flow, cost analysis, and production coordination.” Therefore, they

are actually involved in the enhancement and control of quality and in some design.

However, the latter are not the only tasks they perform. We decided to include only 1/4

of industrial engineers in our conservative measure. The other 24 categories are: Ad-

vertising and Promotions Managers, Marketing Managers, Computer and Information

Scientists (Research), Computer Programmers, Computer Software Engineers (Appli-

cations), Computer Software Engineers (Systems Software), Aerospace Engineers, Agri-

cultural Engineers, Biomedical Engineers, Chemical Engineers, Civil Engineers, Com-

puter Hardware Engineers, Electrical Engineers, Electronics Engineers (Except Com-

puter), Health and Safety Engineers (Except Mining Safety Engineers and Inspectors),

Materials Engineers, Food Scientists and Technologists, Materials Scientists, Commer-

cial and Industrial Designers, Fashion Designers, Graphic Designers, Set and Exhibit

Designers, Advertising Sales Agents and Demonstrators and Product Promoters. This

measure implies a 2.33% and a 2.12% of the work force devoted to quality tasks in 2009

and 1999 respectively.

C GHH PREFERENCES

Raffo (2008) and Raffo (2010) shows that many of the inconsistencies between the theory

and the data stem from the low volatility of consumption implied by the standard model.

He argues that the introduction of an alternative specification of household preferences
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increases consumption volatility, eliminating some of the model inconsistencies with the

data. We briefly explore this possibility. GHH preferences, introduced by Greenwood,

Hercowitz, and Huffman (1988), have the property that the marginal rate of substitution

between consumption and leisure is independent of the consumption level within the

period. This implies that there is no income effect on labor supply and therefore

hours worked respond more strongly to productivity changes, which in turn generates

volatility of consumption more in line with the data. GHH preferences are characterized

by the following utility function:

U(c, 1− n) =
[ct − λnt

µ]θ

θ
.

For this exercise we set µ = 1.5 to match a Frisch elasticity of 2,1 consistent with

macroeconomic estimates in Smets and Wouters (2007) (see Reichling and Whalen

(2017) for a discussion about micro and macro estimates for this elasticity), and λ = 1.3

to match a share of hours worked of 0.34. We leave all other parameters unchanged

with respect to the benchmark model.

GHH preferences solve the contradiction we had in cross-country correlations for

labor, that are now positive, as in the data. Moreover, the model improved some

results when quality adjustments are not considered. For instance, it now matches

labor input volatility, and the volatility of terms of trade, better. It also produces

cross-country correlations of investment more in line with data. However, the output-

consumption anomaly reappears, and the correlation between relative consumption and

real exchange rate (RER), although negative, is too small.

When we consider quality adjustments, GHH version fails in several aspects: it

generates a volatility that more than doubles that of the non-adjusted scenario and
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volatility close to 0 for TOT; the change in the correlation between relative consumption

and RER goes in the opposite direction compared to data; it misses the change of sign

in the correlation between TOT and output; the consumption-output anomaly is still

there; and domestic correlations are too high (see Table E.1).

TABLE E.1 HERE

D EMPIRICAL EVIDENCE FOR THE ROLE OF

QUALITY

This Section revises the literature addressing the impact of quality-adjustment method-

ology introduction on international relative CPI movements; Provides further details on

the data used in the panel analysis; And explores the role of quality in US CPI trend.

D.1 Brief review on the impact of CPI methodological changes

on the index

As Hoven (1999) establishes, quality change is commonly regarded as the biggest prob-

lem in price index compilation. It is also regarded by many as the most important

potential source of bias in the consumer price index and as the most important poten-

tial source of non-comparability between CPIs of different countries. At present, there

exists no single universally accepted method which can be applied in all circumstances.

Statistical offices apply a range of methods and procedures, each of which has its own

advantages and disadvantages. The author analyses quality adjustment considerations

and methods in Dutch CPI by 1998. He focuses on cars, clothing and washing ma-

chines and describes the specific difficulties encountered for each of these categories,
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and reflects on services subcategories. The main conclusion in Hoven (1999) is that the

quality adjustments made do have a significant impact on the CPI.

Bover and Izquierdo (2003) offer a survey that highlights the consequences of differ-

ent CPI calculations methodologies on real terms aggregate variables like GDP, imports

and exports. They concentrate their efforts in the ample range of quality adjustment

methods and aggregating formula used by national statistical agencies and, specifically,

on cars, housing and computers subcategories. They mention, for instance, that in-

vestment, exports and imports increase at annual rates of between 0.4% and 1% more,

if quality changes are properly discounted, in countries like U.S, France, Japan or the

Netherlands. The effect on investment is so significant because incorrectly measuring

it has consequences on the measurement of capital stock and on the evolution of total

factor productivity. The part of this effect transmitted to real GDP depends, of course,

on the trade balance of each country.

There are several reasons that difficult the international comparison of CPI. Some

of them are different construction of the indexes, different composition of the baskets

of consumption, the means of measuring housing costs and, of course, the way quality

adjustments are tackled. Tysklind (2020) develops an international comparison of CPI

evolution from 2000 to 2018 focusing on the latter issue. The CPI subcategories that

suffer from quality changes show significant differences among west European coun-

tries. Given that, many of the goods in this category are highly tradable, the relative

price movements are difficult to explain, once controlling for exchange rate variations.

Moreover, the differences are so large that they do have an effect on the aggregate CPI

indexes. Clothing and shoes, furniture, household equipment and white goods, cars,

telephony, and home electronics (including personal computers) are the groups com-

prised in the quality adjusted sub-indices and represent an average of 20% of total CPI
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for Sweden.

Wells and Restieaux (2014) identify the Boskin Commission Report and similar

studies for Canada and U.K. as the departure point for the internationally move towards

the use of hedonics to quality adjust Information and Technology Communication (ICT)

products. They conduct a survey on ten National Statistics Institutes about the current

and planned use of hedonics for their CPI indexes and provide a list of CPI goods or

categories that use hedonics by country, with its year of introduction.2

D.2 Data for the panel data analysis

The complete list of items subject to quality change adjustments in US CPI-U is avail-

able in https://www.bls.gov/cpi/quality-adjustment/ . There is no detailed list pairing

this item list and the date of quality adjustment introduction. We collected this in-

formation from the following sources: Wells and Restieaux (2014), Stewart and Reed

(1999) and BLS (2020). Moreover, the list of items subject to quality adjustments are

coded by the BLS Consumer Price Index Entry Level Items (ELIs), whereas CPI-U

has its own coding, which is not as disaggregated. We have paired them based on the

definitions of CPI-U categories.

We follow Johnson (2017) to classify every subcategory as tradable or as non-

tradable. He uses total commodity output from Input-Output tables provided by the

Bureau of Economic Analysis and defines a threshold over which a commodity becomes

tradable. To choose the threshold, he measures tradable-non-tradable classification sta-

bility as the number of industries that changed their condition owing to a 1-percentage-

point increase or decrease from the threshold. For example, if the threshold in question

was 15 percent, the stability measure was the number of industries that went from trad-

able to nontradable, and vice versa, as a result of moving the threshold to 14 percent

9

https://www.bls.gov/cpi/quality-adjustment/%20


or 16 percent. After a robustness check, he concludes that the suitable threshold for

US is 11% of GDP. Table A-1 in his appendix provides the full list of items classified.

Once a CPI category is identified as tradable, our trade dummy variable turns to 1 for

the whole time span.

Monthly unemployment rate is extracted from US Bureau of Labor Statistics, Un-

employment Rate [UNRATENSA], retrieved from FRED, Federal Reserve Bank of

St. Louis (https://fred.stlouisfed.org/series/UNRATENSA); annual Import and Ex-

port data is from United States Census Bureau;3 US GDP is from Leading Indicators

OECD: Reference series: Gross Domestic Product (GDP): Normalized for the United

States [USALORSGPNOSTSAM], retrieved from FRED, Federal Reserve Bank of St.

Louis (https://fred.stlouisfed.org/series/USALORSGPNOSTSAM).

Table E.2 lists the CPI categories with both coding system, their classification as

tradable or non tradable, the date of new quality adjustments if any, and the length of

the time series.

TABLE E.2 HERE

D.3 Quality adjustments and trend changes

We check whether a trend change is present coinciding with the introduction of quality

adjustments methods by category. Figure F shows the time trend coefficients and their

95% confidence intervals for the natural log of CPI categories affected by the introduc-

tion of quality adjustments methods. Trend coefficients are significantly different for

almost every category. However, this figure only indicates that time trend has changed

over time for the categories. We then run per category Swald tests to search for un-

known trend breaks. Only two of the CPI series affected by quality adjustment methods
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contain a break point close after the date of introduction of quality adjustments. These

categories are televisions and new vehicles. Therefore, we conclude that changes in the

accountability of quality variations do not cause changes in CPI trend.

One concern the reader may have is the possible coincidence in time of globaliza-

tion upsurge and quality adjustment methods in CPI. If this was the case, we could

erroneously conclude on the relevance of quality changes consideration, while part of

the hidden effects could come, instead, from trade openness. Literature locates most

relevant regulatory changes which favor openness between 1970 and 1995 (see, for in-

stance, Krugman (1995) and Sachs and Warner (1995)). Ben-David and Papell (1997)

develop a detailed cross-country time series analysis testing for structural breaks in

imports and exports over GDP ratios. They find 1972 and 1973 as breaking points for

US imports and exports over GDP ratios. All of the 47 analyzed countries suffered the

break in 1986 the latest and there is quite a lot of variety in the break date. A more

recent paper, Husein and Pier (2019), look for structural breaks for US exports and

imports endogenously and find them around 2007. Finally, we run a simple analysis

for annual import and export data from 1960 to 2019 and systematically reject the

hypothesis of a structural break in their trends around years close to 1998, where major

quality adjustment changes were introduced in CPI. We use Stata to test for unknown

structural breaks in the logs of total exports and total imports for US and the logs of

exports and imports over GDP. The tests report 1973, 1988 and 2008 as breaks.

To explore the effects of globalization on CPI volatility, we run regressions for both

volatility measures and for the first difference of them on the trade dummy variable for

our panel of categories. Trade results not significant at any level of confidence in all

the cases.
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E TABLES

Table E.1: GHH simulation results.

Datab Model
Standard deviationsa 71-98 99-19 Non-adjusted Adjusted
Output 1.00 0.81 1.00 2.47
Hours 1.22 1.45 1.83 0.68
Consumption 0.84 0.67 0.65 0.84
Investment 2.81 2.87 3.99 2.19
Net exports 0.34 0.39 0.23 0.29
Terms of trade 1.78 1.17 1.85 0.05

Corr. with domestic output
Hours 0.86 0.92 0.94 0.99
Consumption 0.93 0.91 0.95 0.99
Investment 0.94 0.95 0.92 0.98
Net exports −0.41 −0.60 −0.43 −0.47
Terms of trade −0.26 0.44 −0.41 −0.35

Cross-country correlations
Output 0.58 0.77 0.49 0.52
Hours 0.42 0.86 0.52 0.51
Consumption 0.36 0.74 0.52 0.57
Investment 0.30 0.80 0.28 0.35
Rel. consumption-RER −0.71 −0.13 −0.45 −0.75

a Relative to the standard deviation of output. Output volatility is relative to that of 1971-98.
b Source: OECD and FRED.
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Figure F.1: Comparison between per and post time trend coefficient of the log of CPI
categories affected by the introduction of quality adjustment methods.

References

Ben-David, Dan and David H. Papell (1997). “International trade and structural change”.

In: Journal of International Economics 43, pp. 513–523.

BLS (2020). U.S. Bureau of Labor Statistics Handbook of Methods. Chap 17 Consumer

Price Index. Chap 17. Consumer Price Index. US Bureau of Labor Statistics. url:

https://www.bls.gov/opub/hom/pdf/cpihom.pdf.

17

https://www.bls.gov/opub/hom/pdf/cpihom.pdf


Boskin, M. J., Dulberger, E. R., Gordon, R. J., Griliches, Z. & Jorgenson, D. (1996). Toward a 

More Accurate Measure of the Cost of Living. Final Report to the U.S. Senate Finance 

Committee, December 4.

Bover, O. and M. Izquierdo (2003). Quality-adjusted prices: Hedonic methods and 

implications for national accounts. Investigaciones Economicas, 27 (2), 199-238.

Crawford, A (1998). “Measurement biases in the Canadian CPI: An update”. In: Bank

of Canada Review, pp. 39–56.

Cunningham, A.W.F. (1996). “Measurement bias in price indices: an application to the

UK’s RPI”. In: Bank of England Working Paper 47.47.

Eurostat (1999). Volume measures for computers and software. Tech. rep. CN 408, CN

408.

Greenwood, J., Z. Hercowitz, and G.W. Huffman (1988). “Investment, capacity uti-

lization, and the real business cycle”. In: The American Economic Review 78.3 (3), 

pp. 402–417.

Hoven, L. (1999). “Some observations on quality adjustment in the Netherlands”. In:

Fifth Meeting of the International Working Group on Price Indices. (Reykjavik). 

Husein, J. and C. Pier (2019). “Long-run sustainability of current account valance: evi-

dence from twenty North and Latin American economies”. In: Applied 

econometrics and international development 19 (2).

Johnson, N. N. (2017). “Tradable and nontradable inflation indixes: replicating New

Zealand’s tradable indexes with BLS CPI data”. In: Bureau of Labor Statistics

Monthly Labor Review May.

Krugman, P. R. (1995). “Growing world trade:causes and consequences”. In: Brainard,

W. C. and G. L. Perry. Ed. by Brookings Papers on Economic Activity, pp. 327–

362.

18



Raffo, A. (2008). “Net exports, consumption volatility and international business cycle

models”. In: Journal of International Economics 75.1, pp. 14–29.

— (2010). “Technology shocks: novel implications for international business cycles”.

In: International Finance Discussion Papers 992.

Reichling, F. and C. Whalen (2017). “Estimates of the Frisch elasticity of labor supply:

a Review”. In: Eastern Economic Journal 43.1, pp. 37–42.

Sachs, J. D. and A. Warner (1995). “Economic reform and the process of global integra-

tion”. In: Brainard, W. C. and G. L. Perry. Ed. by Brookings Papers on Economic

Activity, pp. 1–95.

Smets, F. and R. Wouters (2007). “Shocks and frictions in US business cycles: a Bayesian

DSGE approach”. In: The American Economic Review 97.3, pp. 586–606.

Stewart, K. J. and S. B. Reed (1999). “Consumer Price Index research series using

current methods, 1978-98”. In: CPI Research Series Monthly Review June.

Tysklind, O. (2020). “Quality adjustments and international price comparisons”. In:

Sveriges Riksbank Staff memo January.

Wells, J. and A. Restieaux (2014). “Review of hedonic quality adjustment in UK Con-

sumer Price Statistics and internationally”. In: U.K. Office for National Statistics.

Notes

1the Frisch elasticity for this setup is 1
µ−1 .

2However, this list is not exhaustive and, for example, it does not include the use of hedonic method
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3https://www.census.gov/foreign-trade/statistics/historical/index.html
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