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ABSTRACT

The sense that recent technological advances have yielded considerable benefits for everyday life, as
well as disappointment over measured productivity and output growth in recent years, have spurred
widespread concerns about whether our statistical systems are capturing these improvements (see, for
example, Feldstein, 2017). While concerns about measurement are not at all new to the statistical
community, more people are now entering the discussion and more economists are looking to do
research that can help support the statistical agencies.

While this new attention is welcome, economists and others who engage in this conversation do not
always start on the same page. Conversations are impeded by a lack of understanding of how the
statistics are defined and how they are limited, both in terms of the concept and in terms of how they are
calculated given the concept. We explore the basic economics surrounding the measurement of GDP,
focusing, in particular, on the question of whether GDP should be viewed as a measure of aggregate
economic well-being.

Our exploration suggests that while GDP, as currently defined, is not a comprehensive measure of
welfare or even economic well-being, the GDP concept—along with the pieces of GDP available through
the national accounts—is useful in and of itself and should provide a great deal of information that is
closely related to welfare.

Our finding that changes in real GDP do a reasonable job in capturing changes in economic well-
being has one important exception. We argue that the exclusion of non-market activities that bear on
economic well-being merits more attention, particularly given the potential for changes in the importance
of such activities over time to change the degree to which changes in GDP capture changes in well-being.

Moreover, there are several important areas where measurement falls short of the conceptual ideal.
First, the national accounts may mismeasure the nominal GDP arising from the digital economy and the
operation of multinationals corporations. Second, the deflators used to separate GDP into nhominal GDP
and real GDP may produce a biased measure of inflation. Our analysis suggests that, for goods and
services that do not change in quality over time, current deflator methods work reasonably well. But, for
new goods and services or goods in services that are changing in quality, current methods may not
capture consumer surplus well. We believe that efforts to improve price measurement in order to measure
consumer welfare should be pursued, as it is clear that such a measure would be very useful for
understanding the current state of the economy and for policymaking.
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1. Introduction

Published measures of growth in productivity and real gross domestic product (GDP) since the early
2000s have been distressingly slow despite very visible improvements in high-tech equipment (the smart
phone), in internet-based services (Facebook and Google), in business models (Uber and Lyft), and in the
quality of health care. This has revived interest in how well official measures capture improvements in
standards of living (see, for example, Feldstein, 2017). Part of the literature that considers the
explanations for recently weak productivity growth explicitly explores measurement issues. Much of this
work concludes that measurement is at best a small part of the explanation for slower trend productivity
growth (Byrne, Fernald, and Reinsdorf, 2016, Syverson, 2016, and Fernald, Hall, Stock, and Watson,
2017) but a few argue that measurement has played a larger role (Varian, 2016, and Hatzius, 2017.).

Concerns about measurement are, of course, not at all new to experts on economic statistics,
including those in government and in academia. For decades, data-producing agencies have been working
to improve measurement and to make sure that standards are consistent across countries. These efforts
have yielded major methodological advances. Moulton (2018), for example, catalogs key improvements to
the U.S. national income and product accounts since the late 1990s.

More people are now entering the discussion and more economists are looking to do research that can
help support the statistical agencies. The starting point for these efforts should be a basic understanding
of how the statistics are defined and how they are limited, both in terms of the concept and in terms of
how they are calculated given the concept. While much of this information can be found in writings by
experts on economic statistics, this literature is large in volume and often hard to understand by non-
experts, even other economists. The goal of this paper is to supply some basic answers, with a focus on
real GDP, the most closely-watched aggregate economic indicator and one which is so often used as a
measure of the standard of living. Accurately measuring real GDP is essential to accurately measuring
productivity, which is essentially output (real GDP) divided by inputs.

We begin our paper with a discussion of how the established GDP concept relates to welfare, or more
specifically to a somewhat narrower concept that we term “aggregate economic well-being” which
excludes factors that are very far outside the scope of GDP, such as the quality of the environment. We
explain the advantages to GDP as defined and consider the importance of the differences between GDP
and economic well-being. We also discuss some alternative and complementary approaches that can help
bridge the gap between GDP and economic well-being.

We next turn to how well GDP as conceptualized by data producers is captured in practice.
Notwithstanding the important advances in measurement over time, increases in the share of GDP
represented by difficult-to-measure sectors (such as health care and the digital economy) may mean that
the published GDP figures do not track the conceptual ideal as well as they have done in the past.
Moreover, the limited resources of data-producing agencies (which are at risk of future cuts in the current
political environment) may constrain these agencies’ ability to cope with such challenges.

We consider first whether the nominal (i.e. current dollar) GDP figure adequately captures the size of
our economy measured in dollars. We conclude that mostly it does, but there are two important
measurement challenges. One challenge is the treatment of so-called “free goods,” particularly given the
dramatic rise in services provided by the internet for which consumers do not explicitly pay. Another is
the understatement of the domestic economic activity of multinational enterprises that arises from tax
incentives.

GDP as a Measure of Economic Well-Being 3

HUTCHINS CENTER ON FISCAL & MONETARY POLICY AT BROOKINGS



Converting current dollar figures to real GDP (that is, GDP expressed in the dollars from a particular
base year) presents even thornier issues. Hence, the second (and much larger) part of our measurement
discussion concerns challenges related to the deflators used to calculate real GDP. A central issue here is
how to separate changes in prices that reflect quality improvements from those that represent true
inflation. Another issue is estimating the value of dollars spent on newly introduced goods and services.
The paper offers a discussion of the ideal way to treat these measurement issues and then discusses what
the statistical agencies do in practice.

We draw several conclusions. First, GDP, as currently defined, should retain its stature as a major
economic statistic. While it is not a comprehensive measure of welfare or even economic well-being, the
GDP concept—along with the pieces of GDP available through the national accounts—is useful in and of
itself and should provide a great deal of information that is closely related to welfare. Second, there is
scope for materially improving specific parts of the GDP calculation to be more closely aligned with the
conceptual ideal. Doing so should be a goal for the statistical community and for the broader community
of economists. Third, given the limitations of GDP as a measure of welfare (and the potential for those
limitations to increase over time), we should continue to develop complementary measures or sets of
measures (sometimes termed “dashboards”) that more completely capture well-being.

2. The GDP concept

The Bureau of Economic Analysis (BEA) gives a clear definition for GDP:

Gross domestic product (GDP) is the value of the goods and services produced by the nation’s
economy less the value of the goods and services used up in production. GDP is also equal to the
sum of personal consumption expenditures, gross private domestic investment, net exports of
goods and services, and government consumption expenditures and gross investment.’

The U.S. Commerce Department began to publish regular estimates of GDP, defined essentially as
above, in the early 1940s (Carson, 1975). The Commerce Department framework built on methods that
Simon Kuznets used to estimate national income for 1929-32 under the auspices of the National Bureau of
Economic Research (NBER). Kuznets’s work was preceded by two volumes published by the NBER in the
early 1920s that provided estimates of national income over the preceding decade. Others were also
engaged in efforts to measure economic activity around this time. For example, the National Industrial
Conference Board (which later became just the Conference Board) began publishing a regular estimate of
national income in the 1920s. Colin Clark, a British economist and statistician, was doing work similar to
Kuznets’s, measuring the aggregate economy of the United Kingdom (Coyle, 2014).

GDP is the featured measure of output in the National Income and Product Accounts (NIPAs), a vast
set of economic data that captures economic activity in the United States.” Some explanation of the NIPAs

1. See www.bea.gov/newsreleases/national/gdp/gdpnewsrelease.htm.

2. The NIPAs are, in turn, just one part of a broader set of U.S. national accounts that also include the Labor Department’s
productivity statistics and the Federal Reserve’s system of financial accounts. Dale Jorgenson, who has made enormous
contributions over his career to a wide array of national accounting practices both in this country and in other countries,
describes the national accounts “as a kind of central nervous system for federal statistics” (Jorgenson, 2010).
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is needed to understand the text that follows. As described in Bureau of Economic Analysis (2015), there
are different approaches to measuring GDP. The “expenditure approach,” in which GDP is measured as
the sum of consumption, investment, government spending, and net exports, is the most familiar to many
people. The expenditure side of the national accounts includes estimates of these pieces as well as their
components. GDP can also be measured through the “income approach,” which adds up all of the income
earned through production, and the income side of the national accounts includes the various types of
income that goes into GDP. The income-side measure of GDP is known as Gross Domestic Income (GDI).
In theory, GDP measured through the expenditure approach should equal GDI; in practice, of course,
GDP does not equal GDI because of measurement error, and BEA publishes a “statistical discrepancy”
that captures the gap between the two series.”

2.1 The differences between GDP and welfare

As a long literature has emphasized, GDP as conventionally defined differs in many ways from welfare.”
The economists who developed the modern concept of GDP were well aware of this distinction. For
example, in a 1934 report to Congress, Kuznets stated that “the welfare of a nation ... can scarcely be
inferred from a measure of national income” (Bureau of Foreign and Domestic Commerce and Kuznets,
1934).

Some of the differences between GDP and welfare are outside the scope of this paper. For example,
GDP does not include important societal features such as discrimination and crime. In addition, as an
economy-wide concept, GDP does not provide information about the distribution of income, which bears
importantly on the welfare of individuals within an economy.’ Nor does GDP capture features of the
environment such as climate change and the availability of natural resources.

Much of the discussion of GDP and welfare in this paper will focus on a narrower distinction—the
difference between GDP and what we call aggregate economic well-being, defined as the consumer
welfare derived from market-based activities and selected non-market-based activities such as services
provided by governments, certain nonprofit institutions, and homeownership.

The key differences between GDP and aggregate economic well-being are:

1. GDP excludes most home production, and other “non-market” activities such as leisure, even

though most such activity effectively increases the true consumption of households and thus
enhances welfare (more discussion of this point below).

3. Thereis also a “value-added approach” to measuring GDP which involves taking the difference between total sales and the
value of intermediate inputs or summing up the “value added” at each stage of the production process. This approach is central
to analyzing the economy at the industry level, but it does not figure prominently in the discussion that follows.

4. Coyle (2014) summarizes the historical debate over this issue. Jorgenson (forthcoming) provides an extensive discussion of
the relationship between measured GDP and welfare. See also Constanza, Hart, Posner, and Talberth (2009), Wesselink,
Bakkes, Best, Hinterberger, and ten Brink (2007), Kassenboehmer and Schmidt (2011), and Boyd (2007) for more on this topic
and alternative measures of economic progress.

5. Piketty, Saez, and Zucman (2016) create distributional national accounts for the United States that shed light on how standards
of living have evolved at different points in the income distribution.
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2. GDP represents domestic production, but some of that production is “owned” by foreigners;
furthermore, Americans own some foreign production. The welfare of Americans is more
closely correlated with the income they receive from the production they own regardless of
where it occurs than simply the production done in this country.

3. GDP includes production that makes up for the depreciation of physical assets. Such
production is done to maintain the current capital stock rather than increasing the services
consumed by households.

4. GDP includes investment—by businesses, by government, and by households (through
housing and consumer durables). While this investment may provide future services to
households, it does not represent services enjoyed immediately by households. We note,
though, that there is some disagreement as to whether investment should be counted in a
measure of well-being. For example, Corrado, Fox, Goodridge, Haskel, Jona-Lasinio, Sichel,
and Westlake (2017) point out that one might view well-being as depending not only on

current consumption but also on future consumption, which, in turn, is influenced by what
. . . 6
firms are investing today.

Despite these well-known differences, GDP is often used—by politicians, reporters, the general public,
and even economists—as a proxy for welfare or at least economic well-being. This begs the question of
why the economists and statisticians who developed the modern concept of GDP chose the definition they
did. Our reading of the literature suggests several factors contributed to their thinking.

One factor is that the modern market-production-based concept of GDP is better aligned with the
Keynesian concept of “demand.” Although new homes might yield services for consumers that raise
welfare by modest increments over a long period of time, the investment associated with the building of
those homes or cars use a lot of the economy’s productive resources over a short period of time.
Policymakers who are trying to use fiscal or monetary tools to stabilize the economy in the face of
business-cycle fluctuations need to know how the use of productive resources compares to the economy’s
supply of such resources.

A second factor might be war-related. In particular, some have argued that it is no coincidence that
the modern interest in measuring the aggregate economy arose during World War I and that needs
related to the war contributed to the production focus of the modern GDP concept. On the practical side,
understanding what the economy could produce presumably greatly facilitated planning for war efforts
(Landefeld, 2000). Coyle (2014) also notes the political advantages of a production focus—production-
based measures do not show the economy shrinking during wartime even if resources available for private
consumption plummet.

A third factor is feasibility. In particular, the literature suggests that home production and many other
activities that are not captured by market transactions were left out because they were viewed as difficult
to measure. Indeed, there was a vigorous debate about whether it made sense, for example, that the
services provided by professional and paid housekeepers were included in the GDP concept but that any
personal housekeeping efforts were not included. It was accepted, though, that the latter was more
difficult to measure, and, as Carson (1975) describes, the economists involved in the NBER effort

6. This view echoes longer discussions in in Weitzman (1976) and Weitzman (2003), which argue that net investment belongs in
a welfare measure because it captures future consumption opportunities.
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“retreat[ed] ... to ground more securely buttressed by reliable data” (p. 158). Similarly, trying to put a
value on leisure can be quite difficult, particularly given that individuals sometimes freely choose to take
leisure but at other times cannot work as many hours as they would like at the prevailing wage, and
sometimes may not be able to find work at all.

Regarding this third factor, several additional points are worth noting. First, the precise boundary
between market production and non-market production has never been well defined. For example, the
current methodological framework for GDP is not conceptually consistent. Services provided by consumer
durable goods (like a car) are not included in GDP because they are viewed as non-market production, but
services provided by owner-occupied homes are included through imputed rent (with the rent included on
both the product and income sides of the account so that the two sides will be aligned). Second, while it
may have been extremely difficult to measure non-market production at the time the accounts were
originally constructed, new technologies and data sources may offer opportunities to capture components
of economic well-being that previously were difficult or impossible to measure. Third, the cost of
excluding traditionally defined non-market services may be greater than in the past, given that many of
the services that people enjoy from the internet are not “paid for” through traditional market transactions.
We return to this issue in our section on “free goods” below.

2.2 Do these conceptual differences matter?

Any assessment of the GDP concept as a measure of aggregate economic well-being needs to recognize
that many of the shortcomings are addressed by looking at measures that are already available as part of
the standard national income accounts. For example, investment (including that making up for
depreciation of assets) can be netted out of GDP. To address the issue that some of the income associated
with domestic production belongs to foreigners (and, likewise, that Americans receive some income from
production that is done in other countries), gross national product (GNP), which captures the production
of assets owned by Americans regardless of where in the world it occurs.”

Indeed, one might expect consumption—derived from standard national accounts series and broadly
defined to include both the spending done directly by households and the services provided to households
by government spending—to align fairly well with economic well-being. (Note that consumption defined
in this way overcomes both shortcomings discussed in the previous paragraph: it excludes investment and
is funded by income earned by Americans rather than income related to domestic consumption.) The
solid black line in Figure 1 shows cumulative growth in real broadly defined consumption (the sum of
personal consumption expenditures plus government consumption expenditures) since 1970.8 The series
has risen by roughly three-and-one-half fold over the 48-year period shown. The figure also shows that
cumulative growth in real GDP (depicted by the red dashed line) has been about the same over this
period—suggesting that GDP, even with its conceptual differences, is not a bad proxy for broadly defined
consumption.

7. BEA treated GNP as the primary measure of U.S. economic activity for many decades but switched its focus in 1991 to
conform with practices of statistical agencies in other countries.

8. For this exercise, we ignore the fact that consumption expenditure includes some durable goods, which yield consumption
services (i.e. provide utility to the household) over time. Looking at only nondurables and services would not materially change
our conclusion.
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Figure 1: Cumulative growth in consumption and GDP since 1970
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Source: Bureau of Economic analysis (Haver Analytics)

The one important conceptual shortcoming of GDP as a measure of economic well-being that cannot
be resolved through series already in the standard national income accounts is GDP’s exclusion of (most)
non-market activities that create welfare for households. Trends in the importance of non-market
activities could lead to a widening gap between household welfare and GDP such that changes in
measured GDP may not proxy for changes in well-being over the longer run. For example, the surge of
women into the labor force in the 1970s, 1980s, and 1990s would have boosted GDP even if newly
employed women were previously producing the same amount outside of the marketplace—a case in
which the increase in GDP would have overstated the increase in welfare. However, some more recent
trends would go in the opposite direction. For example, the internet has made it easier for people to
arrange for travel directly instead of going through a travel agent—these personal efforts to book travel are
not counted in GDP but the services of a travel agent would be counted, leading GDP growth to understate
the increase in welfare. (In this case, at least the travel purchased shows up in GDP—in our section on
“free goods” we discuss the degree to which services consumed more broadly via the internet are showing
up in GDP.)’

BEA does periodically publish satellite accounts with values for some types of non-market activities.
Recent updates to these accounts (Bridgman, Dugan, Lal, Osborne, and Villones, 2012, and Bridgeman,
2016) include estimates for home production (such as cooking, cleaning, and shopping) and the services
provided to households from durable goods (such as cars and appliances). Building upon this work—

9. Importantly, while these types of trends might distort measured GDP growth, they will not generally distort measured growth in
productivity (output per hour) because hours get undercounted or overcounted in the same way as GDP.
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improving the source data, refining the methods, and releasing them on a regular basis—would allow
users to create measures that perhaps better capture trends in economic well-being than GDP. As satellite
accounts, however, these data are inherently of lower priority, and thus have received limited scrutiny and
are also likely to be subject to resource constraints in the current era of tight statistical agency budgets.

2.3 Advantages of the GDP concept

Figure 1 shows that the level of GDP is fairly well correlated with broadly defined consumption, suggesting
that GDP may not be a bad proxy for at least the market-based portion of economic well-being over long
periods of time. On a shorter-term basis, the two measures may deviate materially, as can be seen by
looking at quarter-to-quarter growth rates. Figure 2 shows these growth rates. GDP is generally more
volatile than consumption. Among other things, GDP tends to fall more during recessions (denoted by the
shaded bars in the figure) than consumption.

Figure 2: Quarter-to-quarter consumption and GDP growth

Real
Consumption
Growth

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Shaded regions are NBER recessions. Source: Bureau of Economic Analysis (Haver Analytics)

From the perspective of policymakers trying to stabilize the economy at the business cycle frequency,
such deviations are likely viewed as a feature rather than a bug of the GDP concept. The underlying
argument echoes the discussion about the initial designers of GDP preferring a production-based concept
in part because it better aligned with the Keynesian notion of aggregate demand. In particular, an
important indicator of the health of an economy is whether economic resources are being fully utilized. In
periods where economic resources are not fully utilized, unemployment is elevated and incomes are lower.
It is thus unsurprising that government officials responsible for countercyclical monetary and fiscal policy
would want to focus on an aggregate metric that represents all production done domestically—including
that related to investment—even if that production does not immediately enhance consumer welfare. For
example, the Federal Open Market Committee considers the deviation of real GDP from “potential GDP,”

GDP as a Measure of Economic Well-Being 9

HUTCHINS CENTER ON FISCAL & MONETARY POLICY AT BROOKINGS



in addition to other indicators like the unemployment rate and measures of inflation, when setting
monetary policy.

2.4 Conceptual alternatives

Despite recent calls (most prominently, Stiglitz, Sen, and Fioussi, 2009) for shifting the emphasis of
government statistical indicators from measuring economic production to measuring overall well-being,
trying to broadly capture all the factors that enter well-being would be highly ambitious." In addition to
the challenge of accurately measuring all of the many factors that bear on households, one needs to
grapple with how to weight different factors in order to produce a single comprehensive measure. (As
Corrado, Fox, Goodridge, Haskel, Jona-Lasinio, Sichel, and Westlake, 2017, note, GDP effectively weights
the units produced of different goods and services by their prices, which should correspond to the values
of these items.) Of course, a single measure is not absolutely necessary—some proposals, such as the
OECD’s Better Life initiative, merely call for a “dashboard” of factors related to welfare. The strength of
dashboards is that they allow users to apply their own weights; however, this is also a weakness when it
comes to trying to reach consensus about how different countries compare or how much welfare has
increased over time.

Jones and Klenow (2016) (and Bernanke and Olson, 2017) took one concrete step toward creating a
broader measure of welfare that draws from economic theory to weight different factors. The authors use
a “consumption-equivalent” welfare approach combining data on consumption, leisure, inequality, and
mortality into a single summary statistic using an expected utility calculation that applies equal weight to
each person. They go on to explore differences over time and across countries between this summary
statistic and GDP, finding, for example, that their alternative statistic implies that living standards in
Western European countries appear much closer to those in the United States because of longer life
spans, greater consumption of leisure, and lower inequality.

An entirely different approach to capturing welfare would be to simply ask people how happy they are.
Wolfers (2003), Stevenson and Wolfers (2008), and Sack, Stevenson and Wolfers (2012), for instance,
explore measures of so-called “subjective well-being.” Stevenson and Wolfers (2008) provide a thorough
analysis of subjective well-being over time and across countries and conclude that such measures are
fairly well correlated with absolute real income per capita (with some role for relative income). While
there is some worry about the biases people exhibit when answering questions about their well-being (see
Krueger, 2008) and uncertainties about how to aggregate responses to questions about happiness (Bond
and Lang, 2018), these measures are potentially important complements to indicators of well-being based
on hard data.

2.5 Summary

We have highlighted some important conceptual differences between GDP and aggregate economic well-
being (which itself is much narrower than overall welfare). However, series that are already included in
the standard national income accounts can be used to construct a measure that, on a conceptual basis,
should be correlated with the bulk of the goods and services that determine economic well-being.
Moreover, we show that such a measure—combined private and public consumption—is well correlated

10. See Coyle and Mitra-Kahn (2017) for one proposal along these lines.
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with GDP over long periods of time, suggesting that changes in GDP, at least in principle, could be a fairly
good measure of aggregate economic well-being over time.

We believe that one conceptual difference—the exclusion of non-market activities that bear on
economic well-being—merits more attention, particularly given the potential for changes in the
importance of such activities over time to alter the degree to which changes in GDP capture changes in
well-being. However, even if this issue were important, it does not necessarily follow that the definition of
GDP should be changed; rather, it suggests that we need to develop good alternative measures to
supplement it. Retaining the current definition of GDP has the very significant advantage of keeping GDP
comparable across time and across countries.

The discussion in this section has all concerned GDP as conceptualized. We now turn to the degree to
which actual GDP reflects economic well-being, which depends heavily on how well GDP is measured in
practice.

3. Issues related to measuring nominal GDP

Given our focus on economic well-being, we are ultimately interested in how well the official statistics
measure real GDP—that is, GDP that abstracts from the effects of price inflation. The real GDP concept is,
for the most part, estimated by collecting data in current dollars to produce the components of “nominal
GDP” and then adjusting these components to remove price inflation, thereby leaving just the “real”
activity in the economy. Real GDP measurement problems can thus arise from either errors in the
estimation of nominal GDP or errors in the way that price adjustment (or “deflation”) is done. In this
section, we describe two major challenges in measuring nominal GDP.

3.1 “Free” goods

A recent source of discussion and debate is whether and how GDP should account for the vast amount of
information, entertainment, and services that consumers obtain through the internet seemingly for free.
This problem is not new—households have consumed entertainment and news services via television, for
example, for many decades without paying directly for it. But, with internet-provided services an ever-
growing part of our regular lives, there are increasing questions about the degree to which these services
are already accounted for in GDP and whether they should be counted in GDP."

Before delving into the national accounting issues surrounding free goods, it is useful to think very
generally about how these transactions work. The development and maintenance of internet-provided
“free” services is often funded by an interest in selling something, whether it be a traditional good or
service (think shoes) or a premium product offered by the internet company supplying the service (think
Spotify Premium). In the case of shoes, for example, the shoemaker pays dollars to advertising companies
to create ads and pays dollars to internet companies (like Facebook) to place those ads, often targeting the
ads using data that the internet company has collected from individual users. The internet company uses
these dollars to develop content that induces individual users to look at ads and to give over their data.
Meanwhile, individual users consume the content, are influenced by the ads, and ultimately use some of
their earnings to purchase shoes.

11. The statistical community is engaging in significant discussion of this particular issue and other implications of the
“digitalization” of the economy. For example, the IMF held a two-day forum in November 2017 on “Measuring the Digital
Economy” and the OECD has done extensive work on measuring the digital economy (see, for example, Ahmad and Schreyer,
2016); likewise, the Fifth World KLEMS Conference, held in June 2018, dedicated a plenary session to the issue.
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Clearly much of what going on as part of these transactions is already captured in GDP and related
parts of the national accounts. The dollars spent on shoes show up in nominal consumption (the
“expenditure side” of GDP). The wages and salaries of the workers at the shoe company, their suppliers,
and the internet company all show up in nominal national income (the “income side” of GDP), as do the
profits of all of these companies. The key question, though, is whether these items are the only parts of the
broader transaction described above that should be counted as part of nominal GDP.

The traditional national accounts approach views marketing broadly defined (including ads,
promotional merchandise, and anything else that comes along with the ads such as internet content) as an
intermediate input to the final good being promoted. This approach is applied, for example, in the context
of “free” network television that is supported by advertisements. It means that the marketing does not
independently contribute to GDP; it is captured in nominal GDP as long as we are capturing all of the
dollars that consumers spend on the final good.

Figure 3 shows how the national accounting would work for the example above under the traditional
approach. The economy is viewed as just producing shoes, and, as described above, the dollars that
consumers pay for shoes show up on the expenditure side of nominal GDP and the dollars that that all
workers earn and owners make show up on the income side of nominal GDP. The dollar amount is the
same on both sides of the accounts so the two sides match (as should be the case with GDP accounting).

Figure 3.

TRADITIONAL APPROACH TO FREE GOODS: Marketing (ads, promotional merchandise, anything used to persuade
the consumer to engage with the marketing) is an intermediate input.

Pairs of shoes * price of a pair of shoes. Income and expenditure side match. But
system is missing:
(A) Any independent value that the

Economy marketing (broadly defined) provides
produces Waorker earnings and owner profits in shoe to the consumer.
shoes industry as well as all industries supplying (B) Anything besides §s that the

shoe industry, including marketing industry. consumer is giving up to consume the
{Mote §s paid to Facebook by shoe shoes and marketing.

companies are captured here because they
are reflected in FB wages and profits.)

However, as noted in the box on the right side of Figure 3, there are parts of the transaction that are
not counted under this approach. In particular, the approach would not count any independent value that
the marketing broadly defined (including the internet-provided information, entertainment, and services)
provides to the consumer. For many people these days, such items have become a regular part of their
lives in highly important ways—they allow people to get home faster, keep up with friends, do their taxes,
meet potential romantic partners, manage their finances, cook better, find information at blistering
speeds relative to the past, and consume a rich offering of video and audio entertainment. The approach
also does not include anything (besides the dollars spent on shoes) that the consumer is giving up to
consume this marketing—more specifically, the time they spend viewing ads and the data that they
provide that allows for better targeting of ads.

GDP as a Measure of Economic Well-Being 12

HUTCHINS CENTER ON FISCAL & MONETARY POLICY AT BROOKINGS



There is an alternative approach to measuring nominal GDP that would include these items."” This
approach recognizes the independent value to consumers provided by some part of marketing broadly
defined—viewing these parts more as a by-product of the final good being sold rather than an
intermediate input. Under this approach, consumers are engaging in a transaction where they exchange
their time spent viewing ads and data for the “free” internet content they consume. This transaction is
very much a market transaction, albeit not a monetary transaction. But the absence of money in the
transaction has not stopped statistical agencies from including other non-monetary transactions in GDP
such as the “free” services that are provided by banks to account holders and the rental value of owner-
occupied housing, both of which are imputed and then included as part of consumption.

Figure 4 shows how this alternative approach would work in the national accounts. In this case, both
shoes and internet content supported by marketing are final goods. The value of the time spent viewing
ads and the data that the consumer give up by consuming the internet content are akin to the dollars that
they pay to consume shoes on the expenditure side of the GDP accounts. The internet content represents
what they are “paid” for viewing ads and providing data, much like the earnings they receive for doing
traditional work.

Figure 4.

ALTERNATIVE APPROACH TO FREE GOODS: Some marketing (broadly defined) has independent value to the
consumer; it js more like a “by-product” than an intermediate input; treat as final good.

. Pairs of shoas * price of a pair of shoes . . -
e - - Income and expenditure side still match. But
e PLUS anything besides $s that the level of expenditures and income i now
Economy o consumer is giving up to consume shoes higher.
produces GO? and marketing (data, ime viewing ads).
shoes and System still missing content like cat videos
intemet Warker eamings and owner profits in shoe 'II'?;I ara not funder:;gby the promation of other
content Gﬂp}. industry as well as all industries supplying items; these are arguably home production
supported by % shoe industry, including marketing industry. unlike the scenario described here (which is a
marketing v g PLUS free applications and entertainment * non-pecuniary market transaction).
the imputed price of such items.

As noted in the box, including these additional market (but non-monetary) transactions would raise
nominal GDP, whether measured as expenditures or as income, while still leaving the expenditure and
income sides of the accounts matching.

What would still not be counted in nominal GDP under the alternative approach would be internet
content that is not created as part of an effort to promote a product—such as cat videos created as
someone’s hobby. One might view these services as largely home production or leisure, being arguably
similar to the value provided to friends when one visits them. As a result, it would be appropriate not to
include them in a GDP measure that excludes home production.

Thus far, our discussion has focused on the right way to capture “free” goods in nominal GDP in
principle—doing so in practice raises a number of challenges, as does translating the imputed dollars

12. Much of our discussion here has been influenced by work done by Leonard Nakamura and his coauthors at the Commerce
Department—see, for example, Nakamura, Samuels, and Soloveichik (2017).
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involved into real GDP." Nakamura, Samuels, and Soloveichik (2017) propose that the transaction can be
captured (in nominal terms) by the money spent on conventional advertising and the marketing-related
portion of “free” information or entertainment. While the former may be fairly straightforward to
measure, measuring the latter is more difficult—the authors attempt to identify the costs associated with
traditional in-house marketing activity at internet companies, but arguably some or all of the costs of
software and application development should be included.

Translating nominal GDP for this category into real GDP is also complicated. In the absence of market
transactions, the value could be ascertained by finding similar services that do have market prices,
recognizing, of course, that the final good in these cases is the content, not the advertising. For example,
one could use a deflator for entertainment in the case of videos or software in the case of free applications.

Alternatively, statistical agencies could measure real GDP in this area directly—by asking people
directly about willingness to pay for free goods and services, as suggested by Corrado, Fox, Goodridge,
Haskel, Jona-Lasinio, Sichel, and Westlake (2017). This approach has the potential to get around many of
the challenges just described. Brynjolfsson, Eggers, and Gannamaneni (2017) sample very large numbers
of people online about what compensation they would require to forgo use of a digital service like
Facebook or email. They find that consumers would require significant compensation to give up a variety
of free digital goods, in particular goods that are essential to many professions—the median willingness to
accept to give up a service for a year is $17,530 for Search Engines, $8,414 for email, and $3,648 for
digital maps. Brynjolfsson, Diewert, Eggers, Fox and Gannamaneni (2018) propose a new metric, “GDP-
B,” that would use results like these to augment GDP by the value of new goods and free goods; they find
that a GDP-B statistic that includes just the value of Facebook would have grown measurably faster than
published GDP between 2004 and 2017. This research not only refutes the view that accounting for “free”
goods is simply unfeasible but also underscores the urgency for serious consideration of these issues.

Given that the consumption of “free” goods appears to be growing, more accurately capturing this
consumption would lead to larger GDP and faster GDP growth than officially reported. The changes would
partly flow through to productivity as well (though not entirely, given that consumers’ “
and giving up data should, at least in principle, raise inputs as well).

work” viewing ads

3.2 Understatement of the domestic economic activity of multinational enterprises

As discussed by Varian (2016) and Guvenen, Mataloni, Rassier, and Ruhl (2017), the rise of global supply
chains and the legal latitude that companies have in declaring in which countries their economic activity
takes place lend material downward bias to estimates of U.S. nominal GDP. In particular, “transfer
pricing” and other practices allow multinational enterprises (MNEs) operating in the United States to
underprice the sale or lease of intangible assets—such as blueprints, software, or new drug formulas—to
affiliates in low-tax jurisdictions so that more of their profits are booked in these countries.

The economic importance of such transactions has been documented in a variety of ways. For
instance, in 2012, a Senate subcommittee questioned Microsoft about its agreements to shift some R&D
costs and regional royalty rights to affiliates in Singapore and Ireland (U.S. Congress Senate Committee
on Homeland Security and Governmental Affairs, 2012). In 2013, the subcommittee found that Apple

13. This does not need to be done separately for both the expenditure and income sides of the accounts; the two parts of the
exchange should be equivalent so the calculation can be done just once and then added to both sides. The national accounts
take this approach with the services arising from owner-occupied housing (with the homeowner viewed as both the consumer
and the producer).
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used favorable transfer pricing agreements to shift billions of dollars of profits from the United States to
Ireland (U.S. Congress Senate Committee on Homeland Security and Governmental Affairs, 2013). More
generally, Hines (2005) and Lipsey (2006) show that U.S. MNEs register more profits in tax havens than
can plausibly be accounted for by economic activity. Jenniges, Mataloni, Stutzman, and Xin (2018) find
that U.S. companies that have a cost sharing agreement with a foreign entity appear less productive than
similar companies without such an agreement, and foreign companies that have a cost sharing agreement
with a parent company in the U.S. appear more productive than similar foreign companies. A 2016 OECD
brief described how such transactions drove a 26 percent increase in measured GDP in Ireland in 2015.
And, Terslgv, Wier, and Zucman (2018) estimated that nearly 40 percent of multinational profits are
shifted to low-tax countries each year.

Under current methods, transfer pricing and profit shifting have led to an understatement of both
nominal GDP and nominal gross domestic income (GDI). Consider the example of a smartphone whose
software, blueprints, and branding are developed in the United States. If the phone is assembled in the
United States, then the full value of the phone (priced at its market price) is included in GDP. If the phone
is assembled abroad, then so long as the contract between the company doing the assembly (e.g. Foxconn)
is an arm’s length transaction, GDP will still be correctly measured, as it will include the value of the
phone less the amount paid to the foreign assembler.

However, if a foreign-affiliate of the U.S. company is introduced in the transaction, GDP could end up
understated. Here’s one way this could happen: the U.S. company leases the rights to the intangible
capital—the software, blueprints, and branding—to an affiliate in a low-tax country (say, Ireland) and it
prices that lease at a value that is much less than its market value. Then the Irish affiliate contracts with
Foxconn to do the assembly. Phones are then exported from Ireland to the United States and from Ireland
to the rest of the world. In this case, only the value of the lease from the U.S. company to the Irish
company will be included in U.S. GDP, and if this lease is priced at an artificially low level, U.S. GDP will
be too low as well.

Under current methods, estimates of imports associated with sales of the phone in the United States
will be too high because the economic activity associated with the leased assets is unlikely to be attributed
to this country.™ In particular, imports will be too high (because they will overstate the Irish content of
the phone imported from Ireland), and exports will be too low (because they will understate the U.S.
content of phones exported from Ireland to the rest of the world). The same bias would occur in GDI
because of the understatement of the company’s U.S. earnings. Note that this transaction works because
there is intangible capital that is hard to value and hard to pin to a location, and because the Irish
company is an affiliate of the U.S. company, so that it does not matter to shareholders whether the Irish
affiliate or the U.S. headquarters books the profits.

This problem is of increasing concern both because of the evidence discussed above regarding the
importance of profit-shifting in today’s economy and, more generally, because of the growth in MNE
activity in recent decades.”” MNEs are now a large part of the global economy—according to Guvenon et

14. Imports are estimated using customs data, not tax data, so it would be possible for a company to report numbers that are
inconsistent with their tax data (but a better representation of where the economic activity occurred). However, it seems
unlikely that the company would do so.

15. The Tax Cuts and Jobs Act of 2017 sharply lowered the U.S. corporate tax rate, which should reduce the incentives for profit-
shifting, but also lowered taxes on the foreign income of U.S. corporations, which should increase it. The net effect is likely a
reduction in profit shifting (and an increase in measured GDP), but the magnitude of the effect is unclear. See Harris and
Looney (2018) for further details.
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al. (2017), they accounted for $4.7 trillion of global value-added in 2017, an amount that was about the
size of the fourth largest economy in the world at the time."® The statistical community recognizes the
issue, and the international statistical guidelines most recently adopted by the United Nations Statistical
Commission (System of National Accounts 2008) called for estimates of the production activity of MNEs
to reflect the economic ownership of intangible assets rather than the legal ownership (Moulton, van de
Ven 2018). There are practical challenges associated with how to do so, and the BEA has yet to change its
official methods to follow this guideline.

Guvenon et al. (2017) explore one way in which the guidelines might be at least partially
implemented. The authors use confidential MNE survey data collected by the Bureau of Economic
Analysis and reapportion the earnings of U.S. MNE foreign affiliates based on labor compensation and
sales to unaffiliated parties. The authors’ findings suggest that current practices have materially distorted
estimated productivity growth at some points in the past—with an average annual understatement of
growth of 0.1 percentage point from 1994 through 2004 and 0.25 percentage point from 2004 through
2008 (though no effect between 2008 and 2014). These figures represent a lower bound on the distortion,
as foreign MNEs are probably also shifting some of their profits out of United States.” Using this method,
Bruner, Rassier, and Ruhl (2018) find that accounting for profit sharing would increase the level of U.S.
measured GDP by 1.5 percent in 2014.18

4. Translating nominal GDP into real GDP

The most complex set of issues relates to how nominal GDP is translated into real GDP. Measuring price
changes correctly is central to this process. As we will explain, changes in production processes and the
broader economy over time introduce significant challenges. Assessing the best way to proceed requires a
clear understanding of the different ways to measure the price changes, with a particular focus on how to
“correct” changes in observed prices for quality improvements.

16. The growth in MNE activity has coincided with growth of “factoryless goods producers” (FGPs) in the United States—which
develop the intellectual property, manage the production process, and market but contract out the physical production to
manufacturers in other countries. Discussions of the MNE problem often cite the rise of FGPs as related. Although FGPs are
often associated with the high-tech industry, Varian (2016) emphasizes that production is off-shored in many sectors (for
example, a U.S. company may develop the pattern for a sweater or the design for a toy in this country and send it to a foreign
affiliate to produce). Prior to 2013, a wide range of intangible capital, particularly intellectual capital, was excluded from most
measures of GDP because spending on R&D was counted as an intermediate expense. Corrado, Hulten and Sichel (2009) find
that as much as $800 billion of intangible capital was excluded from U.S. published data between 2003 and 2009. As a result
more than $3 trillion of business intangible capital stock was excluded, with significant consequences for measured economic
growth and productivity. In 2013, the BEA began treating R&D as a fixed asset (part of investment) to address this issue (Moris
et al., 2015). Chen, Gouma, Los, and Timmer (2017) suggest using global value chains to decompose the value of a product
into the value added at each stage of production in order to measure returns on intangible assets.

17. The Guvenon et al. methods would also miss the contribution of items developed domestically that are used in production but
do not generate profits because they are not proprietary, such as open-source software.

18. As some commentators have pointed out, the 2017 Tax Reform Act may increase reduce profit-shifting behavior in a way that
reverses some of this bias (see, for example, Ip, 2017). The result would be an increase in measured GDP that does not
correspond to an increase in actual GDP. As yet, the magnitude of any such effect is very unclear.
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4.1 Some basic intuition

Nominal GDP (that is, GDP measured at current prices) increases over time because of increases in prices
(inflation) and increases in real output (real GDP growth). This sub-section offers some intuition on how
to split nominal GDP growth into these two components.

It helps to think about what real GDP is. It is an index of the quantity of goods and services produced
in a given period of time—a measure that aggregates the number of tomatoes, haircuts, tractors, and so
on. The level of real GDP is difficult to interpret on its own—what does an aggregate of tomatoes and
haircuts mean?—but it is useful for measuring changes in production over time. A key question, then, is
how changes in the production of the different goods and services are aggregated. This would not matter if
the number of every good and service produced increased by the same amount from one year to the next—
say, the economy produced 3% more of everything in year 2 than in year 1. In that case, growth in real
GDP obviously would be 3%. But when the production of different goods increases at different rates—for
example, when production increases 10% for tomatoes and 3% for haircuts but falls 2% for tractors—the
weights put on each category will determine what number is reported for real GDP growth.

Equivalently, real GDP growth can be viewed as the growth in nominal GDP less inflation. As noted
above, real GDP is mainly calculated this way, as most source data capture expenditures in current prices.
BEA uses data on spending and producer revenues from a wide variety of sources to calculate nominal
GDP, and then uses prices collected (mostly) by the Bureau of Labor Statistics (BLS) to deflate nominal
spending to calculate underlying quantities and growth rates. The key question from this perspective is
how to create an inflation index when prices of different goods increase by different amounts.

Two different economic frameworks have been used to divide nominal GDP into inflation and real
GDP—one that is based on the perspective of the consumer, where the deflator is called a cost-of-living
deflator, and one that is based on the perspective of the producer, or a producer price index. The cost-of-
living index (COLI) is sometimes called an input price index, because it is measuring the value of the
inputs into the consumer’s utility function, whereas the producer price index is called an output price
index, because it is measuring the value to the producer of the output they produce.

As noted by Moulton (2018), BLS’s producer price index (PPI) is conceptually based on an output
price index framework, whereas BLS’s consumer price index (CPI) is based on a cost-of-living utility-
based framework. But, as we show below, the actual practices used by BLS and BEA do not correspond
exactly to either one of these approaches, but are, in general, pretty good approximations of both."

4.2 Two theory-based approaches to measuring inflation and real GDP

The discussion that follows assumes that consumers (who are also producers) do no saving such that GDP
(as well as aggregate income) equals consumption. We make this assumption to simplify the exposition,
not because we think that GDP necessarily ought to capture consumption only. Also, because our aim is to

19. BEA uses a mix of PPIs and CPIs when deflating GDP, with PPIs used to deflate nominal quantities based on the revenues
producers receive and CPIs used to deflate nominal quantities based on outlays made by the consumer. PPIs do not include
sales taxes, for example, because producers do not receive them, but CPIs do, because consumers pay them. BEA uses CPIs
to deflate most items counted in aggregate consumption (Personal Consumption Expenditures or “PCE”), but not all. For
example, because consumption of medical services funded by Medicare and Medicaid is included in PCE, but not paid directly
by consumers, it is not captured in the CPI. Medical expenditures in PCE are measured by the revenues received by medical
providers, and are deflated by medical PPIs. For a detailed description of the particular deflators used to calculate real PCE,
see https://www.bea.gov/help/fag/521
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provide basic intuition about GDP measurement, we present a static model in which there is one
representative agent, abstracting from the problems of heterogeneous agents and intertemporal
considerations (see Aizcorbe (2014) for a discussion of the literature examining these issues).

Consumer’s Perspective: The Cost-of-Living Index (a utility-based approach)

Under this approach, increases in real GDP are changes in the economy that make the consumer better
off. If an increase in nominal GDP does not make the consumer better off, that increase represents
inflation rather than an increase in real GDP.

When an increase in nominal GDP does make consumers better off, how do we know how much
better off they are? Economists do not try to answer that question exactly, because we do not have a
reliable way of measuring welfare.” Instead, we ask: how much has real purchasing power increased?
When prices do not change, then the answer is simply: purchasing power has increased by exactly the
amount that nominal income has increased, and real GDP growth is equal to nominal GDP growth.
Similarly, if prices of all goods and services increase by the same amount, then the increase in purchasing
power and real GDP is equal to the growth in nominal GDP less the inflation rate.

But when different goods and services have different inflation rates—that is, when relative prices do
change—the answer is less clear. How much has purchasing power increased when income stays the same
but the price of one good falls, for example?

Two approaches have been used within the COLI framework to determine how much purchasing
power changes when relative prices change. The first asks: “How much income would consumers have
needed in period 1 (before the price change) to get the same utility as they get in period 2 (after the price
change)?” The difference between this amount of income and actual income is called the “equivalent
variation.” The second asks: “How much income would consumers need in period 2 so that they are no
better off than they were in period 1?” The difference between actual income and that amount of income is
another reasonable, but potentially different, measure of how much better off (in $ terms) consumers are
in period 2 after a relative price change. This amount is called the “compensating variation.” In both
cases, the idea is to compare income in two periods under a counterfactual where prices have not
changed.

The Technical Details

Figures 5a, 5b, and 5¢ show how to calculate equivalent and compensating variation. They are based on a
model of a simple economy of just two goods, call them drinks (D) and food (F). For simplicity, we define
the price of drinks as always equal to 1 (i.e., drinks are the numeraire). With this definition, we can read
the amount of income from the intersection of the budget constraint and the Y axis. (For example, if the
price of D is 1 and you can buy 100 units of D if you buy no F, your income must be $100.) In period 1,
consumers maximize utility by choosing bundle D, and F,, on indifference curve U,.

An improvement in the technology of producing F (say the introduction of an improved seed lowers
the relative price of F in period 2. The budget constraint shifts out, nominal income increases from Y, to
Y. and consumers buy D, units of D and F, units of F.

20. That is, we think welfare depends on real purchasing power, but typically do not quantify the relationship between real
purchasing power and welfare. See footnote 25 for more detail.
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Figure 5a shows how to calculate real GDP growth between period 1 and period 2 using period 1
prices. It shows that consumers would need to have income equal to Y, in order to get utility U, at period 1
prices. With that income and relative price, consumers would choose bundles D; and F; . Thus, if prices
had held fixed at P,, consumers would have needed additional income (Y, — Y;) in period 2 to make them
as well off as they actually were in period 2 given the price change, and thus (Y, — Y;) is a measure of how
much better off they are. In other words, (Y; — ;) is the equivalent variation measure of welfare change
from the decline in the price of F.

Figure 5a. Cost of living index (period 1 prices)

Y2* N
A Real GDP

A Prices

A measure of real GDP growth under this approach would then be the ratio
YZ* . D; +P, Fz*
Y,  Di+PiF;
Figure 5b shows how to calculate real GDP growth using period 2 prices. It shows that consumers

would only need income ¥;* to get period 1 utility at period 2 prices, and thus (Y5 -Y:) is how much could
be taken away from consumers in period 2 so that they are just as well off as in period 1: (¥, -Y,) is the

(1)

compensating variation.
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Figure 5b. Cost of living index (period 2 prices)
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Measured real GDP growth under this approach is then:
Y,  Dy+PF
o Tran (2)

In Figure 5c¢, there is no change in relative prices, but income increases from Y; to Y. Consumers
would need an additional (Y»-Y:) dollars to make them as well off in period 1 as in period 2, and could
have (Y.-Y,) dollars taken away in period 2 to leave them as well off as in period 1. In this case, the

compensating and equivalent variation are the same, and measured real GDP growth is simply Y—2
1
Figure 5c¢. No change in relative prices; Equivalent = compensating variation
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We show below how these COLI-based approaches compare to the method actually used by BEA when
it calculates real GDP. But first, we discuss how to think about measuring real GDP growth from the
producer’s perspective.

Producer’s perspective: The Output-Price Index (a production-function-based approach)

Under this approach, the focus of real GDP measurement is on production rather than consumption. Real
GDP increases are captured in our stylized economy by the ability of producers of drinks to produce more
drinks or the producers of food to produce more food. We use the term “production possibilities frontier”
to define all the combinations of output an economy can produce.

Figure 6 shows an example of a production possibilities frontier for our economy. If an increase in
nominal GDP is associated with the economy only moving along a production possibilities frontier—that
is, if a change in the composition of output leads to an increase in nominal GDP, but the output produced
this year could have been produced last year—it is counted as inflation. But if an increase in nominal GDP
is associated with the economy being able to produce more than it could last year—for example, the
change in the technology for producing food that lowers the resources needed to produce any given
amount of food that is shown in Figure 6—then real GDP is viewed as having increased.

Figure 6. Production possibilities frontier for food and drinks: Technological
improvement in production of food

F

To measure how much real GDP has increased, the producer perspective asks the question: “If prices
had been held fixed, how much more could producers have earned in year 2 than in year 1?” Analytically,
the exercise is virtually identical to the one for the cost-of-living approach, but the counterfactual is
different. Instead of asking how consumers would adjust the composition of their consumption (the *
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quantities) under a counterfactual where prices remain fixed, it asks how producers would adjust the
composition of their production.”

Figure 7a walks through the case described above, where a change in technology lowers the resources
needed to produce any given amount of food, and we ask how much revenue producers would earn with
period 2 technology but period 1 prices. At period 1 prices but period 2 technology, the producer would
choose to produce F* and D*, and would earn income Y5". The difference in producer revenues between
period 1 technology and period 2 technology, holding prices fixed at period 1 prices, is a measure of the
increase in real GDP, and would be captured by Y," — Y;. Figure 7b shows the calculation when the analysis
is based on producer revenue holding prices fixed at period 2 prices. Figure 7c shows that, when relative
prices are unchanged, the change in measured real GDP would be equal simply to the change in nominal
GDP.

Figure 7a. Producer perspective

A= N (Period 2 Technology Period 1 Prices)

A Real GDP
A Prices
Y,

A1

21. Itis worth noting that neither counterfactual could have occurred, because there is only one unique equilibrium in each period.
Had period 2 prices prevailed in period 1, markets would not have cleared: consumers would have wanted to purchase more of
some things than producers were willing to produce, and producers would have wanted to produce more of some things than
consumers were willing to buy.
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Figure 7b. Producer perspective
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Figure 7c. Producer perspective
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4.3 How these two approaches compare with what BEA actually does

Note that under both the consumer approach and the producer approach to real GDP growth
measurement, the theoretically-appropriate real GDP index uses counterfactual baskets (D* and F*) that
reflect the consumer’s or producer’s behavioral response to changes in relative prices. These
counterfactual consumption and production bundles are unobserved, so cannot be used in the actual
calculation of real GDP growth.

Instead of trying to estimate these counterfactuals, the approach used by BEA simply uses the actual
observed baskets of what is produced/consumed to calculate real GDP growth. One building block is the
Laspeyres Quantity Index, which asks: holding prices constant at period 1 prices, how much more is the
period 2 basket worth than the period 1 basket? It is thus calculated as:

Y, __ Dy+PF,

QL = Y,  Di+PiF; 3)
which can be rewritten as:*
D, D Fy «F
Q=75 +=5; (4)
Dy Fy

where SPis the share of D in GDP and SFis the share of F in GDP in the first period. That is, for the
Laspeyres quantity index, the growth in real GDP is just the growth in D and F weighted by their first
period shares in the economy.

Another building block is the Paasche Quantity index, which asks how much more is the second
period basket worth than the first period if we assume prices were second-period prices in both periods:

QP __ Dy+PF,

T Di+P,F
This equation cannot be rewritten quite as simply, but some basic algebra shows that Q, is still

(5)

essentially a weighted sum using period 2 shares in the economy as weights:
-1
Di p F; F)
= |=—s, +—=s 6
Qp ( 0,52 T 52 (6)
In 1996, the BEA began calculating real GDP according to a chain index formula, which uses the
geometric average of these two quantity indexes to create a real GDP index, known as the Fisher Quantity

Qppa = /0QLQp. % &)

As a comparison of equations (3) and (5) makes clear, when changes in GDP are not associated with

Index.

relative price changes, the Laspeyres and the Paasche quantity indexes are the same. There is no question

_ Dy+PiF, _ Dy Dy F, P1Fy _ Dy «p Fy oF
22. QL—D+PF_D_ D, +P,F +F_ D, +P;F _D_Sl +F_Sl “)
1 171 1 1 171 1 1 171 1 1

23. As we see below, and as shown by Diewert (1976), the introduction of chaining made real GDP a better proxy for changes in
real living standards.
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about what the change in real GDP is in that case. It is only when relative prices change that the two
measures yield different answers.**

The geometric average of the Laspeyres and Paasche indexes is generally a very good approximation
of the average of the theoretically precise quantity indexes, whether from the consumer perspective or the
producer’s perspective (Diewert, 1976, Triplett, 1993). That means that, given chaining, the index used by
BEA to calculate real GDP is conceptually a very good approximation of the change in economic welfare,
defined in monetary terms, using either the consumer’s perspective or the producer’s perspective. That is,
abstracting from the important questions of scope we discussed in the first section of the paper, real GDP
growth as measured by the BEA is a good proxy for the change in real resources available to a society,
which is the closest we can get to the change in welfare.”

The conclusion that the change in real GDP represents the change in (the monetary value of) welfare
from the market economy is sometimes disputed. We attempt to provide intuition and dispel some related
misconceptions in several ways. In Boxes 1 and 2, we address the sometimes-heard idea that “GDP is a
rectangle but consumer surplus is a triangle so they are not the same.” Box 1 provides a numerical
example with a production function and a utility function to show how changes in real GDP are a good
proxy for the changes in welfare that one would calculate using the theoretically-precise CV and EV. Box 2
provides a graphical analysis to show that the change in real GDP from a price change is essentially
equivalent to the change in consumer surplus associated with that price change. (As shown by Willig
(1996), consumer surplus, the area above the price line under the demand curve, is itself a reasonable
approximation of the theoretically ideal CV and EV measures of the welfare changes arising from a price
change.) In Box 3, we discuss why “the paradox of diamonds and water,” which explains why the price of a
good may not equal its value to the consumer, is not inconsistent with the view that changes in real GDP
measure changes in welfare.

A numerical example

To demonstrate the quality of the approximation, consider the following example. Assume that the only
input to producing D and F is labor, and that the amount of labor is 100. The consumer’s utility function is

. . . . 1/2 1/3 .
U = log(F) + log(D). In the first year, the production function is D =LD/ and F = LF/ .Thereis a

technological advance in the production of F in period 2. In the second period, F = Li/ 5. With this simple

setup, if we assume that the equilibrium is one where consumers and producers are maximizing utility
and profits, respectively, we can calculate the BEA’s chained price and quantity indexes, as well the
theoretically-accurate cost-of-living index and output-price index.

24. In other words, as noted above, if prices do not change, then the change in real GDP is equal to the change in nominal GDP. If
prices all change by the same amount—and relative prices do not change—then the change in real GDP is equal to the
change in nominal GDP less the rate of price change.

25. To be more concrete and technically precise: Consider the indirect utility function V(Y,P,, Py...). Define a cost-of-living index P
as the price index that satisfies: V(Y/P) = V(Y,Pa, Py,...). That is, a cost-of-living price index is defined as the price index that
captures the changes in welfare arising from changes in the prices of the underlying goods.

Define V(Y/P) = 1 (Y/P) where 1 is the average utility of real income. Real GDP is Y/P, or nominal GDP deflated by a cost-of-
living index. It is a measure of consumers’ real purchasing power. 1 is the parameter that translates real resources into utility. If
1 is constant, then, real GDP is proportional to welfare. If the average utility of income changes with real GDP—for example, if
1 declines as real income increases—GDP will not capture this change, and it is not intended to. But holding 2 constant,
welfare is directly proportional to real GDP.
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These three measures are shown in Table 1. To calculate inflation and real GDP growth in each
column, we use the geometric average of the Laspyeres and Paasche measures.” As can be seen from the
final two columns, the measures are in practice very similar. Why is that? It is because, in equilibrium in
this simple economy, market prices represent both the ratio of marginal production costs of the two goods
and the ratio of marginal utilities.

We concluded above that the deflators used by BEA yield a measure of real GDP change that is in
general a good measure of the change in consumer welfare (measured in monetary terms) and the change
in production. This example validates the conclusion quantitatively and, relatedly, shows that the two
deflators concepts are very similar in practice, suggesting that the choice of deflator should not matter
much to the interpretation of real GDP as a measure of well-being. Below, we explore whether this holds
true when it comes to changing quality of goods.

Table 1
Comparing the BEA Deflator, the Cost-of-Living Index,
and the Output-Price-Index

Prices Quantities Real
Laspeyres | Paasche Laspeyres | Paasche | Inflation GDP

Index index Index index Growth
BEA Deflator 0.89 0.87 1.15 1.12 -11.7% 13.3%
Consumer Perspective 0.88 0.88 1.13 1.13 -11.7% 13.3%
Producer Perspective 0.90 0.86 1.16 1.11 -11.8% 13.4%

Note: The indexes calculated here assume that the economy is in equilibrium, with producers maximizing profits and
consumers maximizing utility. D is drinks, F is food, and L is labor. The first year production functions are: D = L})/Z F
= };/ 3 The second year production functions are: D = L})/Z F= LZF/ ®. The utility function is U = log(D) + log (F) and L =

100 in both years.

4.4 Quality change and new goods

The discussion above assumed that the quality of goods and services was fixed, so that the only way that
production and welfare could increase was for the actual quantities of goods and services to increase. In
reality, of course, the quality of goods and services changes over time, and these quality improvements
also yield improvements in welfare and GDP. That is, instead of having more goods and services, real GDP
and welfare can improve by having better goods and services.

In order to use the formulas described above to compute changes in real GDP when the quality of
goods and services improves, two often-unobserved prices are needed: the price of year-1-quality items in
year 2 (to compute how much the year 1 basket would have cost with year 2 prices) and the price of year-
2-quality items in year 1 (to compute how much the year 2 basket would have cost in year 1). With these
prices, everything flows through as above.

Although these prices are unobserved, it is possible to impute them in some cases. The standard
approach—the hedonic method— explored in depth by Triplett (1983), is to view goods as combinations of

26. For the consumer and producer perspective quantity indexes, we use the term Laspeyres when first period prices are used and
Paasche when second period prices are used.
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their underlying characteristics. People purchase goods and services because they value their underlying
characteristics. Under this approach, when a good’s quality improves, that good must now embody more
of a particular characteristic. If the characteristics can be measured and priced, then it is possible to
impute the prices for items of different qualities. For example, if you know in a particular year that each
additional 100 square feet in a house raises the selling price by 5%, then it is possible to impute prices of
houses with various square footages. If, in year 2, the average square footage of houses has increased, it is
possible to know what those houses would have sold for last year; similarly, it is possible to know what
smaller houses (year 1 houses) would sell for this year.

In a simple world where the set of embodied characteristics is fixed, there would be no issue of
changes in quality if characteristics were priced instead of goods. This caveat about a fixed set of
characteristics is important. It means that “better” goods and services are just combinations of existing
goods and services. For example, an increase in the size of a cereal box might mean the cereal box is
“better”, but one could have purchased as much cereal before by buying two (smaller) boxes. Similarly, an
increase in computer “MIPS” — millions of instructions per second—means that you need fewer
computers to accomplish a particular task, but that task was doable the year before as well. When all
characteristics exist in two consecutive years, the necessary adjustment for quality change is theoretically
straightforward and intuitive, as we show in Case 1 below.

When a product improvement creates something that is actually new—an improvement in a medical
treatment that increases survival, a cell phone app that allows users to figure out where their kids are, a
printer that can print in 3-D, etc. then market data alone won'’t be sufficient to impute the prices
necessary to calculate the indexes described above (because the item did not exist previously). In that
case, a quality improvement has to be treated as a new good. In this section, we provide an overview of
how to account for quality when the characteristics approach applies and when a good needs to be treated
as new.

Case 1: Quality Improvements Embodying More of Existing Characteristics

Table 2 presents a very simple example to demonstrate this approach. Imagine that instead of buying
“food”, the consumer buys “boxes of cereal.” What goes into consumers’ utility function is not the box of
cereal, of course, but the cereal itself. Imagine that there is no change in the underlying production
technology for the economy—both a unit of cereal and a unit of drinks need the same amount of labor to
produce in period 1 as in period 2—but for some reason, producers have decided to sell cereal in larger
boxes—let’s say doubling the cereal content— and the price of the box of cereal goes up accordingly.

Table 2 shows how this increase in quality can distort measured prices and quantities using Fisher
(geometric average of Laspeyres and Paasche) quantity and price indexes for both. The price of a box of
cereal doubles, because it contains double the cereal. Nominal GDP—which is equal to total nominal
spending (the number of drinks times the price of a drink (1) plus the \number of cereal boxes times the
box price) is unchanged. Without making an adjustment for this improved quality, though, it looks like
prices increased 41% and real GDP decreased 29% (using Fisher ideal indexes to calculate both). But it is
obvious that real GDP and prices would be unchanged with appropriate quality adjustments to the price
of cereal boxes.27

27. Triplett (2004) argues that this package size adjustment is too simple, because the relationship between volume and price is
generally not linear—that is, bigger boxes usually sell at a lower price per unit. We ignore this issue in order to provide a simple
example that gives the basic intuition of quality adjustments.
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Tab

le 2

Quality Adjustment: Example 1
Cereal box becomes larger; No change in underlying technologies

. . C f .
Drinks Cereal . Nominal | Cereal per Ups o Price per
(price==1) Boxes Box Price GDP Bo Cereal Cu
priee== X X Purchased P
Year 1 8 4 2 16 1 cups 4 2
Year 2 8 2 4 16 2 cups 4 2
Percent Change 0% -50% 100% 0% 100% 0% 0%
Price and Quantity Changes
No Quality Adjustment Correct Quality Adjusted
Inflation: 41% 0%
Real GDP
20% 0%
Growth 9% ’

The calculations are all very simple in this example because there is only one defining characteristic—
the quantity of cereal—and it is directly observable. It is intuitively obvious that one would adjust the price
of the cereal box for the change in quantity. But the exact same issues arise when the underlying
characteristic may be not so easily observed and when products can improve on multiple dimensions.

When the proper quality adjustment is not so obvious, two approaches have been advocated. One is
based on cost, which is generally linked to the producer’s perspective and the output-price index. The
other is based on utility, which is viewed as the appropriate method for the consumer’s cost-of-living-
index perspective. It is helpful to compare these two methods in this simple case.

Cost-based method. This method of adjusting for quality involves asking the producer how much
the change in quality cost and subtracting that change—marked up to a selling price—from the box price
in year 2. The box in year 2 contains an additional cup of cereal compared with the box in year 1. The
producer’s cost plus any markup for this additional cup amounts to $2. To quality-adjust the price,
subtract $2 from the year-2-box price to get a quality-adjusted price of $2, or the same as in the first
period.

Note that, in this case, one gets the same answer using the period 2 basket instead. How much would
the period 2 box have cost the producer in period 1? An additional $2 dollars. Add that to the cost of the
period 1 box to get a quality-adjusted period-1 price of $4, the same as the second period. In both cases,
the price index adjusted with the cost-based method shows no change in the quality-adjusted price of
cereal boxes.””

Utility-based method. A second method of adjusting for quality is to subtract from the price of the
period-2 product the consumer surplus received as a result of the productivity improvement. Since the

28. This symmetry will not always occur. In particular, when goods have multiple characteristics, instead of just one, the effect on
price of a reduction in price and increase in quantity of just one of those characteristics may depend on the set of
characteristics (i.e., the particular basket) being priced.
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marginal value of a cup of cereal is worth $2 to the consumer, that extra cup of cereal in the larger cereal
box is worth $2. Subtracting that from the price, the quality-adjusted price is $2.

The cost-plus-markup method is a way of directly estimating the prices that period-1 and period-2
boxes would have sold for in the market had they been sold. A common approach to gathering those
prices is to use hedonic functions — regressions that relate selling prices to the characteristics of the goods
and services sold in a given year.

The basic idea of hedonic regressions is that, if there are enough different models of similar goods
with varying amounts of underlying characteristics, a regression analysis, using cross-sectional variation
within a given year, can uncover how much having more of certain characteristics contributes to a price.
With this regression, any given combination of characteristics can be priced.”

The utility-based method does not try to directly measure the prices at which the goods would be sold
but the difference in value to the consumer of the different quality items. The utility-based method yields
the same answer because, in equilibrium for most goods, people purchase goods and services until their
marginal value equals their price.

The equivalence between a cost-plus-markup quality adjustment and a utility-based adjustment
breaks down when a quality improvement introduces a characteristic that was not available previously.
We go through that case now, and argue that the utility-based approach is the appropriate one when the
two approaches differ.

Case 2. Quality improvements that introduce something new

When a quality improvement introduces a characteristic that was not available previously, the good can
be viewed as a “new” good. New goods might be, for example, treatments that increase survival time for
cancer, the smartphone, or the laptop. The value to society of a new good is the difference between the
value people place on the new characteristic embedded in the new model and its cost.

Standard methods that attempt to measure the prices of new goods in the previous year (hedonics or
the cost method) are likely to be unsuccessful, since the goods did not exist. For example, when a camera
is first added to a phone, there are simply no observations with cell phone cameras in the previous year’s
data, so no way to infer what such a product would have sold for.

As Hicks first showed (Triplett, 2004), the correct price to use for the previous year’s price is the
consumer’s reservation price3o— the lowest price at which consumers would not purchase the good.” As
shown in Figure 8, the decline in price from the reservation price to the introduction price will capture the
consumer surplus that consumers derive from the introduction of the good.

29. Of course, this is putting a functional form on the relationship between characteristics and prices. Plugging in characteristics
that are very different in magnitude from the ones actually observed will likely be quite problematic. For example, a regression
of house prices on square footage might not do a very good job predicting the cost of a 100 square foot house, or a 50,000
square foot house, if the range of houses actually observed in the data range from 1000 to 7000 square feet.

30. This is obviously the correct price from the consumer’s perspective. From the producer’s perspective, the correct price might
be: at what price would you have produced this new product last year, but that price might be infinity if the technology simply
did not exist.

31. When a new good that is just a combination of existing characteristics is introduced, the reservation price is equal to the price
of the characteristics in the previous year, so this method works for any good.
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Figure 8. Consumer surplus from new goods
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It is not always clear when a good is new, versus when it simply represents a rebundling of existing
characteristics. One important case where this situation arises is when there is a technological limit that
means that people cannot get as much of a characteristic as they like, holding all else equal. This could be
the case for computer chips that increase computing power without increasing the size of the chip,
allowing for the production of laptops, smart phones, smart watches, etc., and many other areas where
innovation is pushing the technological frontier. In these cases, the hedonic method may appear feasible—
because characteristics (like computing power, for example) might not appear new—but something about
the improvement is introducing a characteristic that was not available before, and, as Triplett (2004)
notes, “the arrival of a new characteristic cannot be evaluated satisfactorily with hedonic methods.”

One important area where this issue arises is in medical advances. Consider an example where
consumption equals the consumption of everything excluding medical treatments. Assume that people
undergo medical treatments not because they get utility directly from them, but because they get
increased longevity—that is, years of life is the “characteristic” that goes into the utility function.®* A

32. As discussed above, the treatment of consumer durables in the national accounts is a source of mismeasurement. Instead of
counting consumer durables purchases in investment, and then also imputing a return on them over their service life (the way
the accounts treat owner-occupied housing), they are treated as if they are entirely consumed in the year purchased. The
same criticism can be applied to spending on medical care, much of which can be viewed as an investment in human capital
that yields returns over many years. Recognizing that medical care is durable should not change the correction for quality—the
quality adjusted price of medical care should still include a correction for the present value of the additional years of life.
However, that value should then be spread out over many years as an imputed service flow into consumption, just as with
owner-occupied housing. Similarly, Corrado and Byrne (2017) argue that spending on many consumer digital services, like
programs that are purchased and then used for several years, should be counted as investment.
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quality improvement in medical treatment occurs when the number of years of life produced by a
treatment increases.

The cost-based approach to valuing this quality improvement would be to adjust the price of the new
treatment for the cost incurred, plus markup, for the change in years of life, as in the cereal example
above. This is essentially a hedonic approach that attempts to correct improvements in treatment over
time by subtracting out the effect of the quality improvement on price. This is basically the approach
taken by Romley, Goldman, and Sood (2014) in measuring the productivity of health spending.33 In
contrast, the consumer’s cost-of-living utility-based perspective would value these improvements at the
marginal value of life. This approach is taken by Lakdawalla et al. (2015) and Cutler et al. (1998, 2001).
Of course, to implement this approach, it is necessary to have a reasonable measure of how much
consumers value an increase in a year of life, and this measure cannot be gleaned from the data on
medical spending itself. In practice, valuations of a year of life are derived from research that assesses how
much people need to be compensated in order to take on risk. For instance, Viscusi and Aldi (2003)
summarize the findings of over 100 studies that estimate the value of life using mortality and injury risk
premiums.34

Efforts to compare these two approaches with actual data show that they yield very different
approaches. Sheiner and Malinovskaya (2016), for example, use data from 1984 to 1994 from Cutler et al
(2001) to show that a price index that subtracts the estimated value of additional life-years for heart
attack treatment shows large declines in quality-adjusted prices, whereas a price index that subtracts the
estimated market price of the additional years of life shows much smaller declines. They also show that
even when the price of the valued characteristic — years of life — increases, the consumer can still be better
off.

Dauda et al (2017) use that insight to compare these two types of quality adjustment with more recent
data for three different treatments: treatment of heart attacks, heart disease, and pneumonia. They find
similar results for all three conditions, with utility-based treatments showing much larger price declines
than cost-based quality adjustments. Their findings for heart attack treatment, for example, are
reproduced in Figure 9.

33. Romley et al actually calculate the spending per year of life, like the cereal example above. Sheiner and Malinovskaya (2016)
show that this is the same as the cost option assuming that costs are linear in years of life, but won’t be the same if there are
other attributes of a treatment that affect cost.

34. Federal agencies such as the Department of Transportation, the Food and Drug Administration, and the Environmental
Protection Agency depend on these types of studies to value statistical lives when estimating the benefits or costs of policies
that affect life expectancy. None of the agencies allows the value of a life to depend on age, and, equivalently, none of them
place a value on an additional year of life. (Aldy and Viscusi, 2007).

35. In that figure, the BP and unadjusted index are basically the current price index, the TE measures the change in the price of a
successful treatment over time, and the LE index subtracts the marginal value of the quality improvement in heart attack
treatment from the price, where the value of an additional year of life is assumed to be $100,000.

GDP as a Measure of Economic Well-Being 31

HUTCHINS CENTER ON FISCAL & MONETARY POLICY AT BROOKINGS



Figure 9. Comparing cost and utility-based methods of quality adjusting heart attack
treatment prices

Reproduced from Dauda et al (2017)
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Notes: The BP/Unadjusted Indexes are basically price indexes with no quality adjustments. The TE index is the cost
of an effective treatment over time, where effectiveness is defined as an increase in survival probabilities. The LE
index subtracts the value of additional years of life from more effective treatments over time, where it is assumed that
a year of life is worth $100,000. See Dauda et al (2017) for details.

Why are the results in this scenario different from those shown above? They are different because,
even in equilibrium, the cost of an additional year of life is not the same as the value placed on that
additional year of life by consumers.

To illustrate this point concretely, imagine that an additional year of life is worth $5o,000.36 In period
1, the cost of a cancer treatment is $30,000, and it increases survival by one year. In period 2, the
treatment has improved and has become more expensive. It now costs $70,000 but provides two
additional years of life.

The average price of a year of life has increased from $30,000 to $35,000. If consumers could have
purchased as many years of life as they wanted at $30,000 per year in period 1, then they would be worse
off in period 2. But because this is not feasible, they are better off in period 2: they pay $40,000 more
than in the previous year, but what they get is valued at $50,000. A cost-of-living index would show a
decline in the price of health.

Note that in both cases, adjusting for quality lowers the inflation rate of medical treatments relative to
an unadjusted price. The unadjusted price of treatment increases from $30,000 to $70,000, or 133%.
But:

36. The literature generally assumes that the value of a year of life is given, so that it is the same whether a treatment gives you
one additional year or two. This is equivalent to having the demand curve be linear in the relevant area.
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A cost-based adjustment would show that the price of treatment was unchanged.

e Subtract $40,000—the incremental cost to produce an additional year of life—from the period 2
treatment price to hold quality at the year 1 level. Then the adjusted price of treatment in period 2
is $30,000, the same as the period 1 treatment price. Note that, in this sense, the cost-based
adjustment strips out the effect of the quality improvement from the price.”’

A utility-based adjustment would show a price decline of 33%.

e Subtract $50,000—the price of an additional year of life in period 2—from the period 2 treatment
price to hold quality at the year 1 level. Then the adjusted price of treatment in period 2 is
$20,000, 33% lower than the period 1 treatment price.

Figure 10a provides a graphical explanation of this problem. In period 1, the maximum years of life
that can be produced is H;Max, and the production function has a kink. Because of this, there is a large
wedge between the value of the medical treatments being produced and the cost—where the cost is read
off the production possibilities frontier and represents how much extra C could be produced if one fewer
unit of H were produced. In period 2, this constraint is relaxed, and the maximum year of life moves to
H.Max. The price per year of life increases from P, to P,, but the consumer’s utility increases, moving out
from U, to U..

Figure 10a. Consumer is at a corner solution; marginal utility is less than marginal cost

H,MAX H,MAX

37. But, as shown above, the correct price to use for last year’s treatment price is the price that would prevail in period 2 if it were
still sold. For consumers to purchase the old treatment given the availability of the new treatment, the price would likely have to
fall. For consumers to be completely indifferent, the price would have to fall $10,000, the consumer surplus that consumers get
when they use the new treatment.
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Figure 10b shows the same intuition from the perspective of consumer surplus. In the first period, the
years of life from the treatment is just 1 year. At a price of $30,000 consumers would wish to purchase
much more than 1 year of life, but they can’t. In the second year, the quantity limit increases to 2 years,
and the price per year increases to $35,000. The loss in consumer surplus from the price increase for the
1st year is more than offset by the gain in consumer surplus from the relaxation of the quantity constraint.

Figure 10b. Consumer is at a corner solution; price increase associated with increase in
consumer surplus.
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In this case, the framework for the deflator choice matters. Subtracting the cost of the improvement
will yield a different result than subtracting the utility value. Furthermore, no matter the perspective—the
producers or the consumers—the innovation that allows improved medical care represents an increase in
GDP, with the production possibilities frontier shifting out, and consumers on higher indifference curves.
Thus, the utility-based framework is the one that best captures the increase in real GDP.

Many researchers, including Groshen, Moyer, Aizcorbe, Bradley, and Friedman (2017) cite Triplett
(1983) to argue that a cost-based method is the correct method for output price indexes. However,
Triplett’s paper only considered cases where there were no new characteristics—he did not try to account
for new goods.38 But, as we show in further detail below, a cost-based method will not capture innovations

38. This focus on whether an improvement cost anything might have more to do with the question of the scope of GDP vs welfare
than the method to measure it. For example, if for some reason having nothing to do with private business people were
happier, a pure cost-of-living index might suggest this increase in happiness can be measured as an increase in GDP, whereas
a production based approach would say that nobody produced anything more so real GDP hasn’t increased. We believe this is
correct, which is why we limit our discussion to economic well-being, rather than overall wellbeing.
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that shift out the production possibilities frontier through the introduction of new characteristics, which is
the underlying economic test for whether real GDP has increased from the producer’s perspective.

It is also important to note that a cost-based method can yield different results depending on (1) the
path taken to get to a certain innovation/cost point and (2) the producer’s pricing power. In Table 3, we
compare the cost and utility methods of quality adjustment for a number of different cases. Scenario 1 is
the one described above, where the cost method yields no increase in real GDP, and the utility method
yields a 5% increase in real GDP.

Now, consider a different scenario, which we call Scenario 2 in the table. When the new treatment is
first discovered, it costs an additional $50,000, just equal to the value consumers put on it. There is no
increase in consumer surplus or real GDP, regardless of the quality adjustment method used. But in the
year after the original discovery (year 3), researchers figure out how to make the new treatment more
cheaply, and the cost and price both fall by $10,000. In Scenario 2, the economy in year 3 has a treatment
worth $50,000 that costs $40,000 to produce, the same situation as in Scenario 1, but taking a year
longer to get there. There is no question that the fall in treatment price from $50,000 to $40,000 from
year 2 to year 3 should and would be counted as a price decline, because the quality of the treatment is the
same in both years. Taking account of this price decline shows that using both the utility method and the
cost method real GDP has increased 5%. It seems obvious that the change in real GDP should be the same
in both Scenario 1 and Scenario 2 (since consumption is exactly the same by year 3), thus showing that the
cost-based method isn’t a reliable measure of GDP change when the innovation is a new good.

Finally, imagine that, instead of pricing the drug at cost, the company was able to price it at the
consumer value, or $50,000. This is Scenario 3 in the table. Using the cost-method (where cost plus
markup is subtracted) and recognizing that profits and nominal income will rise when prices exceed costs,
we find that real GDP increases 5%, the same as with the utility-based method. This also shows that the
consumer surplus from an innovation is equal to the utility value of it less its production costs. Whether
the good is priced at cost or at value should only determine the split between consumers and producers,
not the overall effect on GDP.”

Summary

The use of chained indexes means that, for goods and services with constant quality, it does not matter
much whether you use an output price or a cost-of-living price, and, in any case, the current methodology
is a very good approximation of both. When the set of characteristics of goods is fixed, but goods and
services improve over time because they contain more of certain characteristics, there is similarly no
difference in the quality-adjusted price using either the cost method or the utility method. But when a new
characteristic is introduced, either as a quality adjustment to an existing good, or as an entirely new good,
prevailing prices in the year before introduction will not yield the correct result for GDP, and a utility-
based approach is necessary.

39. This conclusion is ignoring the inefficiencies associated with monopoly power, which would limit the consumption of the new
good and thus lead to a smaller increase in consumer surplus and real GDP.
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Table 3: When Cost-based and Utility-based Quality Adjustments Differ, Use Utility-based Adjustment

Cost-based Quality Utility-based Quality
Adjustment Adjustment
Years Quality Quality
i Real Real
Treatment — '~ Medical Gy Nominal Adjusted , ea Adjusted . ca
Price ) spending . Inflation2 GDP Inflation2 GDP
Life spending Income Treatment Treatment
. Growtha . Growtha
Price Price

Scenario 1: Innovation valued at $50,000. Cost of innovation $40,000.
Change in Price = Change in Cost.

Year: $30,000 1 $30,000 $170,000 $200,000 $30,000 $30,000

Year: $70,000 2 $70,000 $130,000 $200,000 $30,000 0% 0% $20,000 -5% 5%

Scenario 2: Innovation valued at $50,000. Cost of innovation $50,000 at first, then falls to $40,000.
Change in Price = Change in Cost.

Year: $30,000 1 $30,000 $170,000 $200,000 $30,000 $30,000
Year: $80,000 2 $80,000 $120,000 $200,000 $40,000 0% 0% $30,000 0% 0%
Year: $70,000 2 $70,000 $130,000 $200,000 $35,000 -5% 5% $26,250 -5% 5%

Scenario 3: Innovation valued at $50,000. Cost of innovation $40,000.
Change in Price = Change in Value.
Margin between Price and Cost Increases Profits, Increasing National Income.

Year: $30,000 1 $30,000 $170,000 $200,000 $30,000 $30,000

Year: $80,000 2 $80,000 $130,000 $210,000 $30,000 0% 5% $30,000 0% 5%

a Using Laspeyres price index/Paasche real GDP growth for convenience. Results similar using Fisher ideal.
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5. How does BLS actually adjust for quality changes?

The data requirements to actually quality adjust prices in a completely theoretically-appropriate way are
substantial and unlikely to be available to BLS, particularly in real time.*’ BLS does not really tackle the
issue of new goods or quality improvements that represent new characteristics. Instead, what BLS tries to
ensure is that price increases that are directly attributable to quality increases are not counted as inflation.
In the cereal example above, say, BLS would want to make sure that the price increase stemming from the
introduction of a larger cereal box is stripped out from the observed market price of the larger cereal
box.* Although BLS makes no attempt to directly measure the utility value from new goods and quality
improvements that introduce new characteristics, we show that their methods will sometimes capture the
consumer surplus from these innovations indirectly.

BLS collect prices on a fixed set of goods and services sold at a fixed set of outlets, with new outlets
and new goods and services rotated in regularly.*”” They use a number of methods to derive inflation
indexes from these data.

(1) The matched model: the basic method used by BLS and by far the most common way goods and
services are priced. The matched model collects the prices of a specific model (made by the same
manufacturer and sold in the same store at the same location) from one month to the next.

The matched model is only feasible when the product in the BLS sample is sold in two adjacent
periods.*” When a match is not available (because a product is not sold anymore or is unavailable), BLS
uses other methods of trying to impute the price it would have sold at:

(2) Hedonic regression analysis: a method that specifies that the price of a good is a function of its
characteristics.

(3) The direct cost method: a method that adjusts a new good for the cost of the product
improvement. That is, when a new model of a good is better than the old model, they subtract the
cost (plus markup) of the improvement from the price.

40. Putting a number on the overall bias in consumer prices is very difficult, particularly when the degree of bias has changed over
time given changes in data-construction practices and in the economy. Groshen, Moyer, Aizcorbe, Bradley, and Friedman
(2017) summarizes some of the literature that has attempted to do so. For example, Lebow and Rudd (2003) estimated that
CPI growth was biased upward by 0.87 percentage points per year as of 2001. Reinsdorf and Schreyer (2018) estimate that
adjusting for new goods and quality changes related to the digital economy would reduce growth in the PCE deflator in 2015 by
a maximum of 0.58 percentage point per year.

41. As noted above, this discussion abstracts from any disutility consumers might get from having to purchase in bulk.

42. For the CPI, the BLS selects new item and outlet samples, on a rotating basis, for approximately 25 percent of item strata
every year (Bureau of Labor Statistics, 2018). For the PPI, the BLS adjusts weights for commodity groupings every 5 years
based on the previous economic census. For instance, since January 2012 PPl commodity weights have been derived from
the total value of commodities reported in the 2007 economic census (Bureau of Labor Statistics, 2011).

43. Groshen, Moyer, Aizcorbe, Bradley, and Friedman (2017) report that, during the 12 months ending November 2014, CPI data
collectors could price the same time 73 percent of the time.
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(4) Imputation: when none of the above methods is possible, BLS will impute a price based on price
changes of other similar products.

How well do these models do measuring quality relative to the theoretical ideal described above?

5.1 Matched model

The matched model holds quality constant by only pricing the exact same good or service over time. This
price change is then used to deflate all the expenditures in a particular category. Because the exact same
item is priced over time, quality improvements cannot be mislabeled as price increases.

As a simple example of how the model is used, consider the example of the introduction of the iPhone
8. Assume that iPhones are in the sample of goods and services that BLS tracks. There would be no match
for the iPhone 8 in the period of its introduction (though there would be in subsequent periods), and, if
the price of the iPhone 7 did not change in this period, then the matched model would imply that there
had been no changes in iPhone prices. All increases in spending on IPhones (both 7s and 8s) would be
counted as increases in real cellphone spending.** For example, if the price of the iPhone 7 was $600 in
both years, and the iPhone 8 was introduced at $650, none of the increase in the iPhone price from the 7
to the 8 would be counted as inflation.

As this example shows, the matched model can only handle quality changes if the older model
continues to be sold even after the newer model is introduced. If the iPhone 7 had been discontinued
when the iPhone 8 was introduced, BLS would not be able to collect any price information for it, and the
matched model could not be used.

Assuming that an existing model continues to be sold alongside a new model, so that the matched
model is feasible, how well does the matched model do at accounting for quality improvements? That is,
using the matched model, will a technological innovation increase real GDP by the difference between the
average value of the innovation to consumers and the cost of producing it? Or, in other words, will the
change in prices from the matched model be a good proxy for the change in prices for all the models that
are sold (where the change in the price for a new model is the change from its reservation price)?

The answer is that it depends on how the innovation is priced and how the prices of the continuing
goods that BLS tracks respond. In the case of a quality improvement that is just a rebundling of available
characteristics, like the cereal example above, the answer is likely to be yes. In the specific cereal example,
where there was only one characteristic, the change in the price of the smaller box of cereal would be a
perfect proxy for the change in the price of the larger box, because both were determined by the
underlying price for cereal. More generally, so long as the characteristics of the goods that are sold
continuously are close to those included in the new model, the price changes should be similar and the
matched model will do a reasonable job.*

44. Itis important to distinguish between increases in real spending on cellphones and increases in real GDP. If spending on
iPhones increases, and nominal income has not changed, then spending on other goods and services must be declining. If the
price of iPhones doesn’t change when the iPhone 8 is introduced, and if profits from the IPhone don’t increase, then the
introduction if the iPhone 8 will not have an effect on measured real GDP. If, on the other hand, Apple’s profits increase from
the introduction of the iPhone 8, then both nominal and real GDP increases.

45. When the prices of different characteristics change at different rates, the actual change in the price of any given model will
depend on its exact mix of characteristics. Some upward bias is possible here if new models systematically provide more of the
characteristics that have experienced price declines and less of the characteristics whose prices have increased.
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Now consider the case of an innovation that introduces a truly new characteristic. The gains from the
innovation—the difference between the average value of the innovation to consumers and the average cost
of producing it—will be split between producers and consumers. The producers share—the increase in
profits—will be counted in nominal and real GDP.* In the extreme case of a producer who is able to
extract all the consumer surplus from an innovation, all of the benefit of the innovation would end up in
profits, and would therefore be in GDP. In this case, there would be no decline in quality-adjusted price
from the innovation—because the change in the value would be equal to the change in the price—and the
matched model would get the change in quality-adjusted prices and the change in real GDP correct.”

However, if there is some consumer surplus from the new innovation, then the degree to which it is
captured by the matched model will depend on the price response to the innovation by its competitors.
Let’s use the iPhone example again. Assume the iPhone 8 is worth $150 more to consumers, on average,
than the iPhone 7, but is priced at only $50 more. Consumers get $100 of consumer surplus by buying the
iPhone 8. If the iPhone 8 and the iPhone 7 were perfect substitutes, Apple could only continue to sell
IPhone 7s if it lowered their price by $100. If the iPhone 7 price fell by $100 when the iPhone 8 was
introduced, then the matched model would register this as a decline in the price of cellphones and apply it
to all iPhone purchases. iPhone prices would fall, and, even if nominal spending on IPhones is unchanged,
real cellphone spending would increase.*

In general, one would not expect prices of competing goods to adjust fully. The degree of price
adjustment expected would depend on how much a new model substituted for an existing model, the cost
structure of the competitor, and the competitors’ market power.* Consider the introduction of Uber and
Lyft, which many believe provide a superior service to taxis at a lower price. It may be that taxis continue
to operate (at reduced market shares) and taxi prices do not decline because the costs of providing tax
services have not changed or because prices are regulated. In this case, monitoring the price of taxis (the
matched service) will not provide a measure of the consumer surplus derived from the introduction of
Uber and Lyft, and that consumer surplus will be missing from GDP.

Or consider a situation where it is not the good that changes, but the retailer. For example, consider
the introduction of a low-priced supplier into a market—perhaps Walmart or an online retailer—and
assume that these suppliers are able to provide lower prices because they have figured out how to lower
the costs of operation. The matched model considers the products sold at Walmart and Amazon as
different goods than the products sold at Safeway, so the fact that the introduction of Walmart might have

46. On the income side, profits go directly into the accounts. On the expenditure side, the profits will either be saved and end up as
investment purchases or will be used to finance consumption, both of which will also be captured.

47. Reinsdorf and Schreyer (2018) point out that the typical pattern for high-tech goods is for manufacturers to introduce them at
high prices and then to let prices fall over time (this may be a form of price discrimination). In this case, getting the new goods
into the BLS sample more quickly could help improve GDP measurement, because the price declines from the initially high
introductory price would be picked up and more of the consumer surplus from new goods would be captured in GDP.

48. The increase in consumer surplus from the lower price on iPhone 7s would be offset by lower profits on their sale. On net, only
the consumer surplus from the iPhone 8s would be added to real GDP (yielding the correct answer).

49. Feenstra (1994) shows that the degree of overstatement of prices from only examining prices of continuing goods depends on
both the degree of substitutability of new goods for old goods and the shares of spending allocated to new goods once they are
introduced. The introduction of a new good If competitors lower prices, then the shares of spending allocated to new models
will be lower.
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lowered the average prices paid for a given product would not be counted as a price decline.” To the
extent the introduction of Walmart into an area forces Safeway to lower its prices, the matched model will
capture some of the consumer surplus.” But if prices at Safeway do not fall by much, and if many
consumers switch from Safeway to Walmart as a result—then the matched model will have understated
the change consumer surplus and real GDP associated with the introduction of the lower-priced
supplier.”

This is the phenomenon known as outlet substitution bias. This bias is not limited to the introduction
of new retail outlets. It can apply to services—for example, the introduction of a new discount health
insurer in a market could result in lower prices for health care that would never be captured as a price
decrease if existing insurers don’t also lower their prices. It might even apply more broadly. For example,
if people move from one city to another to take advantage of a lower cost of living, consumer price indexes
will never reflect the decline in the cost of living,.

These are all examples where the matched model overstates inflation and understates real GDP.
However, the opposite might also occur. Prices of old models that are on their way to being pushed out by
newer models might sell for fire sale prices, as retailers try to get rid of their inventory. The matched
model might overstate price declines in this case. Similarly, companies might use the introduction of a
new model as an opportunity to raise prices, but might leave the price of their old model unchanged.
Because the old model price does not change, the matched model will miss this inflation, and will call all
additional spending on the new model an increase in real spending.

As we noted above, the matched model is BLS’s workhorse, and, in most cases, is used whenever a
match is available. When a match is no longer available, either because the product is simply out of stock
or has been discontinued, BLS employs a few alternative methods.

5.2 Direct cost method

When a direct match is not available, BLS will sometimes link a new product to an old product by
adjusting the price of the new product for the cost of the improvement (plus the producer’s markup).53 For

50. Because Walmart and Safeway coexist, one could argue that the amenities provided by Walmart must be inferior to those
provided by Safeway, otherwise Walmart would drive out Safeway. But the fact that Walmart has gained market share
suggests that the introduction of Walmart into a market does provide consumer surplus. Interestingly, BLS decided in 1995 to
treat generic drugs (sold by a different manufacturer than brand name drugs) as the same product as brand name drugs, even
though the brand name drugs continue to exist (Bureau of Labor Statistics, 2018). The rapid expansion of online retailers may
lead to similar problems to the Walmart-Safeway example above. A recent paper by Goolsbee and Klenow (2018) found that
inflation for goods sold online is 1.3 percentage points per year lower than for the same categories of goods in the standard
CPI.

51. And, as in the IPhone example, if Safeway lowers its prices without managing to lower its costs, the price savings to
consumers at Safeway will be offset in GDP by lower Safeway profits.

52. Byrne, Oliner, and Sichel (2017) point out how changes in the pricing behavior of chip manufacturers caused the matched
model to fail. They note that, in the past, when a more powerful chip was introduced to the market, the prices of older chips fell,
leading the matched model to register large declines in computer chip prices. But the pricing strategy changed, such that listed
prices of existing chips no longer declined so much, despite continuing improvements in chips, leading the matched model to
miss the continuing productivity in that sector.

53. Although the direct cost method uses “cost” terminology, BLS makes clear that the cost includes the producer's markup. See
footnote 2 of BLS (2011) “Hedonic Models in the Producer Price Index” https://www.bls.gov/ppi/ppicomga.htm.
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example, assume that Apple withdrew the iPhone 7 from the market when the iPhone 8 was introduced. If
using the direct cost method, the BLS would have asked Apple how much of the increase in the price of
the iPhone 8 relative to the iPhone 7 was due to the cost (plus markup) of the improvements, and
subtracted that from the price. If Apple says the entire increase in price was due to the improvements,
then the quality-adjusted price of the iPhone 8 would be equal to the price of the iPhone 7.

As we saw above, whether this is the correct quality adjustment or not depends on Apple’s pricing
behavior.” If Apple is able to extract the entire increase in consumer surplus from the iPhone 8, then a
quality-adjustment that shows no decline in prices would be correct. But if consumers do get consumer
surplus, so that the correct quality-adjusted price has declined, the direct cost method will not get this
right.

In general, with downward sloping demand functions, we expect the introduction of truly new goods
to be associated with consumer surplus, which the direct cost method would not capture.

5.3 Hedonic regression

As noted above, hedonic regression is a useful way of imputing prices for products that are simply bundles
of existing characteristics.” A well-specified hedonic regression will do a good job of imputing a price that
a good would have been sold at had it been available. So, when an existing good disappears, a hedonic
regression can be used to impute the price it would have sold at. For example, if the iPhone 7 had
disappeared, but other cellphones on the market had very similar characteristics, the price of the iPhone 77
could be imputed. If other older models of phones experienced price drops when the iPhone 8 was
introduced, then that could be picked up with the use of hedonics.

The use of hedonics cannot overcome the basic problem identified with the matched model, however.
It can only capture the consumer surplus from the introduction of truly new quality improvements (i.e.,
new characteristics) if the prices of competitors decline. Nothing in the market data on selling prices and
characteristics of goods can uncover the price a new good would have sold at in the period before it was
introduced—the consumer’s reservation price—because there are no observations with that characteristic.

5.4 Imputations

The matched model and hedonics may capture part of the benefits of new innovations, but are likely to
leave quite a bit unmeasured. The problem is magnified when a new innovation is good enough that it
pushes potential competitors out of business. Then, there will be no close products to price using either
the matched model or hedonic regressions. Similarly, a truly new product—like the smartphone—may not
really have any competitors.

In both these cases, the price changes used by BLS to deflate will consist of price changes for other
items that are being followed. Because it is systematically dropping items that likely would have
experienced price declines had they stayed in the basket, the inflation measure will be biased upward.

Imagine in the example of taxis and Uber, for example, that Uber was such a good replacement for
taxis that it pushed them completely out of the business. Then the matched model for taxi services could

54. Note that, regardless of what is assumed about the quality-adjusted price of the IPhone, changes in actual profits will be
captured in nominal GDP.

55. See Triplett (2004) for a thorough exploration of the theory and practice of hedonic regressions.
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not be used, and hedonic regressions would have no observation on taxi-like services in the year after the
introduction of Uber, so could not be used to impute a taxi price. In this example, BLS would likely just
use the price changes for other types of services in “intracity mass transit”—like the price change for
limousines—as a proxy for the inflation in the category as a whole.

Similarly, imagine if big box stores push mom and pops out of a market, because these stores could
not lower their costs enough to be competitive. With the retail outlet missing, BLS would simply drop that
outlet from its sample. This upward bias to inflation from the selective exiting of certain goods and
services from BLS sample (and from the market) imparts an upward bias to inflation and therefore a
downward bias to GDP and productivity. Aghion et al (2017) have labeled this missing productivity from
“creative destruction.”

5.5 Other quality changes that are not captured

Consumer Services. While the matched model has much appeal for goods, it is harder to think about
matching a specific model for services. BLS can price the same medical treatment over time, the cost of
having a will written, or the price of man’s haircut, but unlike with goods where there are exact replicas
based on model numbers, it is difficult to hold the quality constant over time in the case of services.
Consider the benefits of requiring pilots or surgeons to use safety checklists, for example. Airline flights or
surgeries after the implementation of these checklists would not be viewed as new models under the BLS
approach, and thus the benefits of these improvements would be missed. Other costly innovations,
including the use of better inputs like better equipment in the plane or better sutures for surgery, might
also be missed.

Government and non-profits. Because the services produced by governments and non-profits are not
sold in the market place, there is no sense in which the prices over time can be compared. Instead, BLS
uses changes in the costs of the inputs (labor, material, supplies, etc.) to deflate changes in nominal
spending. For example, when teacher wages increase, the deflator used to deflate spending on public
education increases. This method assumes that there is no productivity growth in the provision of public
services.”® But if teacher wages are increasing because teachers are more productive (because of an
increase in their education, or because of an improvement in pedagogic methods, for example), a quality
adjusted price deflator would not show an increase in prices, but the BLS would nonetheless assume one.

6. Summary and conclusion

Our goal in this paper was to explore the basic economics surrounding the measurement of GDP. We have
focused, in particular, on the question of whether GDP should be viewed as a measure of economic well-
being. Our ultimate goal is to understand the extent to which productivity growth captures changes in
living standards, but we have limited ourselves in this paper to discussing GDP, the numerator in
productivity.

We separated the discussion into different parts. We first covered the GDP concept, focusing on how
well the scope of GDP as conceptualized aligns with aggregate economic well-being. (We recognize, but do
not address, the limitations for capturing well-being of any aggregate measure that ignores the
distribution of resources.) We then considered how well nominal GDP compares with the nominal

56. Indeed, the deflators for the government sector are typically higher than those for the rest of the economy.
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spending that one would expect the GDP concept to capture. Finally, we consider the deflators used to
convert nominal GDP to real GDP, with a thorough exploration of the deflators that would be ideal in
measuring economic well-being and how they compare with BEA’s actual practices.

Our preliminary conclusions are as follows. First, from a theoretical perspective, one would not want
to use real GDP per se as a comprehensive measure of aggregate economic well-being. There are some
important conceptual differences between the two concepts. For example, as a production-based measure,
GDP captures investment (spending that does not immediately translate into higher welfare) in addition
to consumption. However, some would argue that investment should be included on the grounds that it
eventually translates into consumption. Moreover, a broad measure of private and public consumption is
highly correlated with GDP over long periods of time, suggesting that the inclusion of investment does not
materially affect the value of GDP as a measure of aggregate economic well-being over long periods of
time. At higher frequencies, the growth rate of GDP is more volatile than that of consumption. But, that
feature of GDP is useful to government officials responsible for stabilizing the economy in the face of
business cycle fluctuations, as they are focused on the degree to which the economy is using all of its
productive resources.

That said, we believe that one conceptual difference—the exclusion of non-market activities that bear
on economic well-being—merits more attention, particularly given the potential for changes in the
importance of such activities over time to change the degree to which changes in GDP capture changes in
well-being.

We also flag a number of issues that warrant more attention when it comes to translating GDP as
conceptualized into GDP as measured. To start, the national accounts may mismeasure the nominal GDP
arising from internet-provided “free goods” and the operation of multinationals corporations. In addition,
the deflators used to separate GDP into nominal GDP and real GDP may produce biased measures of
inflation in some instances which, in turn, lead to biases in real GDP as measured.

Our analysis showed that there are many cases in which current practices yield measures of prices
that serve well as deflators, dispelling some common misconceptions along the way. We show that, by
definition, cost-of-living deflators yield changes in real GDP that measure changes in consumer surplus.
Furthermore, except in some specific cases, there is little difference in practice between cost-of-living
deflators and output-price indexes. In particular, for goods and services that do not change in quality over
time, current deflator methods will yield a real GDP measure that captures the change in consumer
surplus fairly well.

The important exceptions to these conclusions are for price measures for goods and services that
change in quality and for new goods and services. In these cases, current methods may not capture
consumer surplus well. We believe that efforts to improve the price measures so that they better capture
consumer surplus would be very useful.
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BOX 1. CHANGE IN REAL GDP AND CHANGE IN CONSUMER SURPLUS
- A GRAPHICAL ANALYSIS

One of the conceptual difficulties with viewing real GDP growth as a measure of the change in welfare is
that, to the extent economists think of GDP graphically, we think of it as a rectangle (P times Q) while we
think of consumer surplus as having a triangle.

But, as we show in this simple graphical example, chained GDP, which accounts for substitution
effects when prices fall, also gives rise to a triangle and the change in real GDP is approximately the
change in consumer surplus.

Assume a simple economy with just two goods, F and D. The price of F falls, and nominal income is
unchanged. The change in consumer surplus from that price change can be read off the demand curve for
good F, as shown below. (Note that this is the entire consumer surplus from the price change, even if the
demand for other goods changes as a result of the change in the price of F.) We discuss three cases.

Case 1: Only the demand for good F changes as a result of the price change.

Income is unchanged, so spending on good F is the same in period 1 and period 2, which means that P,F,
= P,F;. Thus, in the diagram below, H + G = A + G, or H = A. In other words, the savings from the price
decline (A) is used to finance increased spending on F (H).

Change in consumer surplus is A + B.

Paasche change in GDP (period 2 prices) is
(F.- F)P,, or H.

P'_
. & . . . .
A Laspeyres change in GDP (period 1 prices) is (F,-
F,)P, or H+B+C.
E = THE
Averaging Paasche and Laspeyres (approximately
what chaining does) gives you a change in GDP =
G H
H + B.
; - M Because H = A, change in consumer
1 2 surplus (A+B) = change in real GDP (H+B).
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Case 2: Demand for both goods changes as a result of the change in the price of F.

F increases from F; to F., and D increases from D, to D.. Because income doesn’t change between the two
periods, neither do total expenditures: P, F; + D; = P,F, + D,.
Rewriting, this yields P, F; = P,F, + (D, — D,). Subtracting P, F, from both sides yields:

(P — P))F, = P,(F, — Fy) + (D, — Dy).

Thus, A = H + 1. (Savings on F spent on more F and more D)

Market for F Market for D
p
— P:
A
- B P=1
G H |
F, F, F D, D, D

Change in consumer surplus: A + B
Change in real GDP

e Paasche: H+1

e Laspeyress H+B+C+1

Average change inreal GDP: H+1 + B

Because A = H + I, change in real GDP (H + I + B) = Change in Consumer Surplus (A + B).
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Case 3: Only demand for D changes as a result of the change in the price of F.

F is unchanged, and D increases from D, to D.. Because income doesn’t change between the two
periods, neither do total expenditures: P, F;, + D; = P,F; + D,.

Rewriting, this yields, (P, — P,)F, = (D, — D).
Thus, A = I. (Savings on F spent on more D)

Market for F Market for D
P
\\
\\;
S
— P \\\
= : -
\\
N\
A o
S
= P=1
P,
G R
\\
D; D, D
F, F
Change in consumer surplus: A
Change in Real GDP
e Paasche: I
e Laspeyres: I

Average change in real GDP: I
Because A =1, change in real GDP (I ) = Change in Consumer Surplus (A).
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BOX 2. HOW CAN CHANGES IN REAL GDP MEASURE CHANGES IN
CONSUMER SURPLUS GIVEN THE PARADOX OF DIAMONDS AND
WATER?

Some people use the intuition from the “paradox of diamonds and water”—which explains why diamonds
are more expensive than water even though water is essential to life and hence obviously more valuable—
to argue that welfare is much bigger than GDP because many goods (like water) are much more valuable
to consumers than what they pay for them. Since nominal GDP is what people pay for the goods they buy,
they argue, welfare must be greater than GDP. Another way of stating the argument is that GDP weighs
the quantities of goods by prices, which, in equilibrium, represent the marginal utility people get from
their consumption, but overall welfare should weigh the quantity of goods by the average utility, which is
generally higher. According to this argument, you can choose to measure output, using GDP, or welfare,
using consumer surplus, but one should not confuse the two.

This intuition is misleading. First, no particular number captures the level of welfare or even the level
of real income. How well off are we? It is a concept that only applies in relative terms: Are we better off
economically than we were last year, or are we better off than another country? These are the only types of
questions we can answer. Similarly, real GDP (as opposed to nominal) is also only defined as a relative
concept—that is, we choose a year in which we assume real GDP is equal to nominal GDP, and then create
an index of real GDP based on that. So, it doesn’t make sense to say that the level of welfare is higher than
the level of real GDP.

Furthermore, there is no alternative measure of welfare based on consumer surplus, because the sum of
consumer surpluses good by good is not a measure of overall welfare. Consumer surplus (defined as the
triangle under a demand function) is an approximation of the amount of money one would have to give
a consumer if the price of one good got so high that they chose not to buy it at all—or, equivalently, if the
good did not exist. It by definition holds everything else constant and answers a well-specified and
answerable question: how much money would you need in order to be as well off as you are with your
current income but none of the good in question? For example, how much money would you need in a
world without iPhones to be as well off as you are with your current income and the ability to buy an
iPhone for $700? The increment to income to make you as well off as you are now is the consumer surplus
you get from the ability to buy an iPhone for $700.

One cannot add consumer surpluses together good by good to get welfare. How much money would
we have to give you if you could not buy anything? No amount of money would make you as well off you
are now, since you could not have any goods.

To get more intuition, examine the following utility function and the consumer surplus for each good.

Let U(C,H) = V/C + VH and the budget constraint be: Y = P.C+PyH.

PyY PcY

Maximizing U subject to the budget constraint givesyou (. = ———— H = ——.
& ) & g y Pc(Pc+Pp) Py(Pc+Py)

Start off with income of $10 and prices of both goods $1, so C = 5, H = 5 and Utility = 2+/5.
Spending on Cis $5 and spending on H is $5.
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Now assume you cannot buy C anymore. How much more money do we have to give you in order
for you to be as happy as you were when you could buy C? Let’s call the amount of H you would
need H* and the income you would need Y*.

With C =0, H* = 20 and Y* = $20,and U = V0 + v20 = 2V5.

Thus, you need an additional $10 ($20-$10) to compensate you for losing C, so you might say the
value of C is $10—equal to income itself and double the amount that you were spending on C
before! You might say that, if C is worth $10 and H is worth $10 (by symmetry), then welfare
must be $20 when GDP is $10, but that would be wrong. It would imply that U(5,5) = U(20,20),
which is obviously untrue. All it implies is that U(5,5) = U(0,20) = U(20,0).

Thus, there is nothing inconsistent with the fact that the consumer surplus for one good can be
extremely large and the fact that the change in real GDP measures the change in welfare, defined
in monetary terms.
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