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Abstract

Consumption requires time. Also, higher-quality goods provide more utility per

unit of time, though at a higher monetary cost. Since time is limited, higher income

is decreasingly spent augmenting the quantity of consumption and increasingly spent

upgrading its quality. After analyzing these consumer quantity/quality choices, the

paper investigates its implications for growth. As a country develops, quality growth

becomes increasingly important as a component of GDP growth. Furthermore, techni-

cal progress is increasingly quality-biased. Lower income inequality as well as progres-

sive consumption taxes raise the scale of output while reducing average quality. This is

positive for growth at early stages of development but may be negative at later stages.

Results are broadly consistent with evidence on the composition of GDP growth, trade

patterns of vertical specialization across countries, and the non-linearity of the impact

of inequality on growth.
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1 Introduction

For most goods, production and expenditure can be seen as involving two dimensions: quan-

tity and quality. For example, car companies may increase their output by increasing the

number of cars they produce or by raising their quality, consumers may increase their expen-

diture in restaurants by dining out more often or by going to better restaurants, etc. Most

macroeconomic models do not distinguish between these two dimensions. However, the dis-

tinction is increasingly important as suggested by the evidence presented below. This paper

provides a new approach to the analysis of consumer quantity/quality choices and explores

its implications for growth. In this second respect, the paper considers four issues: the share

of quality growth as component of GDP growth; the quality bias of technical progress; the

potential of progressive consumption taxes as a growth policy; and the effect of inequality

on growth through the quantity/quality channel. These issues are analyzed within a very

tractable model.

Although measuring quality is admittedly a difficult endeavor, the relevance of the quan-

tity/quality distinction is becoming apparent in a number of areas, including the importance

of quality growth as a component of GDP growth. Bils and Klenow (2001) estimate that

annual quality growth averaged 3.7 percent for consumer durable goods in the US over 1980-

1996 (about 60 percent of this growth would be wrongly accounted for as inflation by the

Bureau of Labor Statistics, BLS). Moreover, Bils (2005) and (2009) estimates an annual

quality growth for durables of about 5 percent since 1988. Additional calculations suggest

that quality growth could account for a large portion of GDP growth. Moulton and Moses

(1997) use data for 1995 and estimate that BLS methods may account for as much as one

percent quality growth that year. To this one percent we must add unmeasured quality

growth. The Boskin Commission Report (1996) argued that unmeasured quality change

was the most important source of CPI upwards bias in the US and would be responsible

for an approximate effect of 0.6 percent per year.1 The importance of quality growth as a

1The literature on the upward bias in the measurement of CPI inflation due to unmeasured quality growth

is extensive. For example, Gordon (2006) estimates that, even after the thorough methodological revisions

recently put in place by the BLS, there is still an upward bias in the measurement of CPI annual inflation

of at least one percentage point, which is due to a large extent to unmeasured quality upgrading. See also

Shapiro and Wilcox (1996) and Gordon (2005); and Bils and Klenow (2001) and Bils (2005) for further

references.
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component of GDP growth seem to have increased over time since backwards extrapolation

of recent estimations of CPI bias appears to be unrealistic.2

Recent international trade literature also provides evidence of the increasing importance

of the quantity/quality distinction in describing current patterns of international trade. On

the demand side, trade is characterized by richer countries importing relatively more from

countries that produce higher-quality goods (Hallak 2006). Along the same line, country

pairs with similar income distributions have similar import price distributions, suggesting

similar quality distributions of imports (Choi, Hummels and Xiang 2008). On the supply

side, horizontal country specialization across goods is losing importance relative to vertical

(quality) specialization within goods. Both low- and high-wage countries are increasingly

exporting the same kinds of goods though of different average qualities. Richer countries

tend to export the higher-quality varieties (Schott 2004; Hummels and Klenow 2005).

This paper provides a model that is consistent with these facts. The starting point

is the analysis for consumer quantity/quality choices, which can be outlined as follows.

Consumption requires time. Individuals need time to listen to a concert, travel for pleasure,

or play with a video game. Since time is limited, this reduces the possibility of increasing

utility by increasing the quantity of consumption (i.e., by increasing the number of units of

the goods being consumed). In turn, higher-quality goods provide higher utility per unit

of time allocated to consumption though at a higher monetary cost. The consequence of

this is that higher income is decreasingly spent augmenting the quantity of consumption and

increasingly spent upgrading its quality.3,4 Most models considering the quality dimension of

2According to Gordon (2005): "While the CPI may have overstated inflation in the mid-1990s by about

one percent per year, as concluded by the Boskin Commission, it does not make sense to extrapolate that rate

of bias backwards over long periods of time. The "Hulten-Bruegel paradox" shows that any such exercise in

backward extrapolation yields levels of real consumption two or four centuries ago that are implausibly low,

barely providing an average household with a pound of potatoes per day, with nothing left over for clothing

or shelter."
3In other words, obtaining utility through consumption has both a time and a monetary cost. Higher-

quality goods provide utility at higher monetary cost but cheaper time cost. Thus, richer individuals consume

higher quality.
4Some durable goods such as washing machines and vacuum cleaners save time for individuals. However,

these goods are better seen as capital goods used for household production instead of as consumption goods

(people enjoy the cleanliness produced by a vacuum but do not tend to enjoy spending time vacuuming the

house). See for example the theoretical and quantitative analysis in Greenwood, Seshadri and Yorukoglu
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goods typically assume a positive relationship between income and the demand for quality.

However, this positive relationship is taken as a fact without exploring the underlying reasons.

This paper shows that the positive relationship between income and the demand for quality

can be explained as a consequence of the time constraint and the complementarity between

consumption and time.5

The analysis of consumer quantity/quality decisions along the lines just described is em-

bedded later in the paper into a growth model. The natural implication is that, as a country

develops, raising the quality of output becomes increasingly important as a component of

GDP growth, relative to quantity growth. This is consistent with the empirical evidence of

the large importance of quality growth in recent times cited above and with the unlikeliness

that these estimates could be extrapolated backwards.

Labor efficiency in the model has two dimensions, each linked to one of the two dimensions

of production: quantity and quality. Endogenous growth is introduced by assuming learning-

by-doing in each of these two dimensions: labor learns to work faster and better. The

model predicts that technical progress is increasingly biased in favor of reducing the costs of

producing higher-quality goods. Since richer countries use more advanced technologies, this

quality-biased technical progress prediction is consistent with the cited international trade

evidence showing that richer countries have a comparative advantage in producing higher-

quality goods. It is also shown that the model can be calibrated to produce reasonable

long run paths of GDP growth. Nonetheless, the simple endogenous growth model built in

this paper seems to strongly overestimate the quality component of GDP growth. Thus, an

important task for future research is to build and calibrate more flexible models that can

do a better job at matching the quantity and quality components of GDP growth, as more

thorough estimates of these components become available.

(2005). The concept of household production was introduced by Becker (1965). The allocation of time to

different types of consumption, leisure, and home production have been investigated by Mark Aguair and

Erik Hurst in a series of papers (see, for example, Aguair and Hurst 2007 and 2008).
5The literature has paid little attention to the implications of the complementarity between consumption

and time in spite of the early analysis by Becker (1965). Outstanding recent exceptions are Goolsbee and

Klenow (2006), and Hall and Jones (2007). The underlying key argument in this second paper is specially

close to the one in the present paper: since individuals need time to obtain utility from consuming more

goods, they spend a larger share of income on extending life expectancy as they get richer. Still, the

connection between the time constraint and the demand for higher-quality goods, which is the starting point

in this paper, seems to have been completely neglected in the literature.
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The model also has intuitively appealing implications for policy and for the growth impact

of income inequality. The model predicts that the quantity/quality composition of output

affects the intensity and quality bias of technical progress and, therefore, affects growth. The

quantity/quality composition of output is determined by consumer choices which in turn can

be influenced by progressive consumption taxes. Therefore, progressive consumption taxes

can be used as a growth policy. In the model, learning in both the quantity and the quality

dimensions of efficiency go to zero as the scale of production goes to zero. It is then shown

that growth can be enhanced at early stages of development (when efficiency and production

are small) by shifting the quantity/quality composition of GDP in favor of a larger scale.

Therefore, charging higher taxes on higher-quality goods heightens growth at early stages.

Thus, the model provides a new argument for taxing luxury goods in developing countries.

However, the positive impact of progressive consumption taxes can change to negative at

later stages of development. At later stages, output has already reached a large scale whereas

high efficiency at producing high quality becomes more valuable as consumers get richer.

Inequality also affects growth by means of a similar mechanism. Since preferences are

non-homothetic with respect to quantity/quality pairs, income distribution affects the com-

position of output. In turn, the composition of output affects the intensity and quality bias

of technical progress. This mechanism is the last issue explored in the paper. The model

predicts that higher inequality hinders growth at early stages of development. The reason is

that higher inequality raises average quality of GDP but reduces the volume of output. And,

as already noted, reaching a large scale of output is more effective to foster technical progress

at early stages of development, than producing high quality. Nonetheless, again, the sign of

the inequality-growth relationship can change at more advanced stages of development as

quality-biased technical progress becomes more valuable.

The actual impact of inequality on growth is still a debated empirical issue. However,

the predictions here are consistent with most of the recent empirical evidence, as discussed

in the corresponding section below. Especially relevant in connection with this paper is the

evidence in Barro (2000) and (2008) who controls for most mechanisms previously suggested

in the literature and still finds a significant non-linear impact of inequality and growth.

Specifically, he finds a negative impact of inequality on growth among the group of less

developed countries, which vanishes or even turns into a positive impact among the group of

richer countries, as predicted by this model. There is also some scattered historical evidence
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supporting a favorable contribution of lower income inequality to early industrialization,

although its quantitative importance is unclear.6

The paper is organized as follows. In the next section I review some additional related

literature on growth. The partial equilibrium analysis of the consumer’s quantity/quality

decisions is carried out in Section 3. Section 4 embeds this analysis into an exogenous

technical-change growth model. It explores the quantity/quality composition of GDP growth

along different stages of development. Technical change is endogenized in Section 5 assuming

a two-dimensional learning-by-doing process in a model where technical progress can be

quality biased. Section 6 explores the potential role of progressive consumption taxes as

a growth policy. Section 7 introduces agent heterogeneity to study how income inequality

affects growth through the quantity/quality composition mechanism. Section 8 summarizes

and concludes.

2 Related Growth Literature

This paper can be framed within the related growth literature as follows. Economies expand

their per capita consumption as they get richer by consuming more units of each good (the

intensive margin), a wider set of goods (the extensive margin), and higher average quality (the

quality margin). Most of the growth literature focuses on the intensive margin. Grossman

and Helpman (1991) and Greenwood and Uysal (2005), among others, have analyzed the

extensive margin from different perspectives. This paper focuses on the quality margin in

6More unequal economies would spend a larger share of income in artisan production of luxury goods

consumed by the elite, which has a limited scope for productivity gains. In contrast, more equal distributions

of income would be more favorable to the development of industrial mass production of lower-quality goods.

For example, the United States developed a larger spectrum of mass-production industries than England

(where production was often oriented towards higher quality) in the first half of the nineteenth century. This

seems to have been the consequence of a large demand by a wide number of middle class farmers and was

at the root of its economic superiority in the twentieth century (Rosenberg 1972). The data by Milanovic,

Lindert and Williamson (2008) are also consistent with the first industrial countries having relatively low

inequality extraction ratios at the time of industrialization (the inequality extraction ratio is a measure of

actual inequality with respect to the maximum feasible inequality given the economy’s resources). The model

in this paper captures in a simple way the positive relationship at early stages of development between more

equality, mass production, and technical progress at producing low quality goods; as opposed to small scale

artisan production of high quality goods and low technical progress.
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conjunction with the intensive margin.

There is some important work related to the quality margin. Grossman and Helpman

(1991) analyze quality-improving innovations across the existing set of consumption goods.

However, different qualities are assumed to be perfect substitutes. Hence all individuals

consume the cheapest quality-adjusted good and there is no room for a relationship between

income and the demand for quality. The closest growth model with quality differentiated

consumption goods is Stokey (1988). In Stokey (1988), as in this paper, consumption expands

in both the quantity and the quality dimensions, and a positive relationship between income

and the quality of consumption is obtained. Nonetheless, both the formulation and the

applications here are different. A primary difference is that preferences in Stokey (1988) do

not have enough structure to generate a specific pattern of the quantity/quality composition

of growth. That is, output quality is increasing over time, but the importance of quality

growth as a component of GDP growth could be decreasing. The time-to-consume constraint

considered here introduces such a structure. There is also an emphasis in this paper on

building a very tractable model that is easily amenable to quantitative analysis.

Demand non-homotheticities create a link between income distribution and the compo-

sition of output, which in turn may affect efficiency, technical progress, and growth. There

is a string of literature exploring these links to which the analysis in Section 7 of this pa-

per is also related. Murphy, Shleifer and Vishny (1989) is a static model where lower in-

equality may help overcome the indivisibilities involved in modern industrial technologies.

Zweimüller (2000), Matsuyama (2002), and Foellmi and Zweimüller (2006) are closer to this

paper. They build dynamic models where income distribution affects efficiency and technical

progress. However, their setting is very different from the one here. All these papers assume

hierarchical preferences across a growing set of goods. Each individual consumes one or

zero units of each good, and richer individuals consume all the goods that are consumed by

poorer individuals, plus some additional goods. Hence these papers focus on the extensive

margin of consumption. The model in this paper is instead set in a simpler quantity/quality

space of preferences and a two-dimensional technology space. These differences bring about

a distinctive mechanism and specific results about the interaction between inequality and

growth.7

7Two other related papers are the following. Mani (2001) investigates how the interaction between

inequality and output composition affects human capital accumulation. Zweimüller and Brunner (2005)
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3 Time to Consume and the Preference for Quality

This section analyzes consumer quantity/quality choices assuming that consumption requires

time. It develops the basic argument in a simple form that can be useful for growth analysis

in the remaining sections. In order to clarify the assumptions, it is convenient to first consider

an economy where there is only a single quality variety of the good.

3.1 One Good and a Single Quality

There is a single good which is produced in a single quality variety. Utility depends on the

number of units x being consumed and the time allocated to their consumption. Allocating

more time to consuming a given unit of the good increases the utility it provides. It is

assumed that the individual allocates consumption time evenly across all the units being

consumed. The amount of time per unit of consumption is denoted by ω.8 Total time

allocated to consumption is assumed to be exogenous and normalized to be 1.9 Consumer

utility is given by the following C2 function:

U = U(x, ω); (1)

lim
x→0,ω→∞

U = 0, Ux ≥ 0, Uω ≥ 0;

consider an economy with a quality-differentiated good and a non-differentiated good in order to analyze how

income distribution affects the intensity of innovative activities in the quality-differentiated good. Depending

on the equilibrium regime, the three classes of consumers (poor, middle class, and rich) may or may not

consume the same quality of the differentiated good; and lower inequality may have a positive effect of

innovation. See Foellmi and Zweimüller (2006) for further references on related literature.
8This assumption could be derived from a framework where the consumer chooses how much time to

allocate to the consumption of each unit of the good, and where the marginal utility of the time allocated

to each unit is decreasing.
9The complementarity between consumption and time has important implications for the allocation of

time between work and leisure (or consumption). For example, if consumption and time are perfect comple-

ments and there is no quality differentiation, higher wage necessarily implies lower labor supply. However,

the main points in this paper can be made without considering individuals’ labor supply decisions. Hence I

simplify on this point.
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where subscripts on U indicate partial derivatives. Clearly, limx→0,ω→∞U = 0 above is just a

normalization. Consumer maximizes (1) subject to income and time-to-consume constraints:

x ≤ y, (2a)

1 = x · ω, (2b)

x ≥ 0, ω ≥ 0; (2c)

where the price of the good is normalized to be 1 and y denotes income.

The analysis will require some additional assumptions. As in Hall and Jones (2007),

it is convenient to set them in terms of the elasticities of utility, which in this model are

ηx(x, ω) ≡ x
U
Ux and ηω(x, ω) ≡ ω

U
Uω. I will consider the following:

Assumption 1 limx→0,ω→∞ ηx(x, ω) > 0 and limx→0,ω→∞ ηω(x, ω) = 0. Also,
∂ηx(x,ω)

∂x
≤ 0,

∂ηω(x,ω)
∂ω

≤ 0, ∂ηω(x,ω)
∂x

≥ 0, and ∂ηx(x,ω)
∂ω

≥ 0, with at least one strict inequality.

The elements of this assumption seem self-explanatory. The elasticities of utility with

respect to consumption and time are decreasing, whereas ∂ηω(x,ω)
∂x

≥ 0 and ∂ηx(x,ω)
∂ω

≥ 0 convey
the complementarity hypothesis of time and consumption. Note that as a result of the time

constraint, the amount of time available to consuming each unit of the good decreases by

1/x2 when the consumer increases the quantity of consumption. Taking this into account, we

have dU
dx
= U

x
[ηx(x, ω)− ηω(x, ω)]. Hence, Assumption 1 implies that limx→0,ω→∞

dU(x,ω)
dx

> 0

and that d2U(x,ω)
dx2

< 0.10

If consumption requires time, it also seems reasonable to assume that there is a limit to

the number of goods that individuals can enjoy per unit of time.11 If time and consumption

are perfect complements (for example, watching movies), individuals may not have the time

to consume more units even if they would like to do so should they have more time. Or,

more generally, if time and consumption are only imperfect complements, total utility may

decrease if a limited amount of time is allocated to the consumption of too many units

10A alternative formulation of sufficient conditions for d2U(x, ω)/dx2 < 0 is ρx ≡ −xUxx/Ux ≥ 1, ρω ≡
−ωUωω/Uω ≥ 1, and Uxω ≥ 0 , with at least one strict inequality.
11It may be argued that consumers can enjoy different goods at the same time. For example, one can

simultaneously enjoy wearing nice shoes, listening to music, driving a comfortable car, etc. However, at every

point in time, the existing number of different types of goods is finite. One can then make the argument

taking as the unit of consumption the whole finite bundle of goods that can be consumed simultaneously.
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of the good.12 In other words, for a quantity of consumption x sufficiently large, the time

allocated to consuming each unit would be so small that the overall marginal utility of further

increasing the quantity of consumption (and therefore, further reducing the time to consume

each unit) would be zero or negative. I will consider the following alternative assumptions.

Assumption 2a limx→∞,ω→0 ηx(x, ω) = 0 and limx→∞,ω→0 ηω(x, ω) > 0.

Assumption 2b limx→∞,ω→0 ηx(x, ω) <∞ and limx→∞,ω→0 ηω(x, ω) =∞.

It is equivalent for the results that follow to assume either Assumption 2a or 2b. The

important implication of any of the two assumptions is that limx→∞,ω→0[ηx(x, ω)−ηω(x, ω)] <
0. Hence, by continuity, there exists x, 0 < x < ∞, such that ηx(x, 1x) − ηω(x,

1
x
) = 0.

Therefore, under Assumption 2a or 2b, utility maximization implies limy→∞ x∗(y) = x.

Thus, as a result of the complementarity between consumption and time, individuals may

seem satiated (in the sense that they stop consuming more units even if their income is not

binding) even if preferences do not display any satiation point; i.e., even if Ux(x, ω) > 0, for

any x > 0 and ω > 0.

Recall that the arguments in this subsection are made for an economy where individuals

do not have the possibility of increasing the quality of the goods they consume. In the next

subsection, it is shown that consumers’ response to the time-to-consume constraint is to

spend an increasing share of their income upgrading the quality of consumption instead of

increasing its quantity.

3.2 A Continuum of Qualities

Let us now introduce quality. There is a single good which can be consumed along a con-

tinuum of quality varieties q ∈ [0,∞). Utility depends on the number of units x being
consumed, their quality q, and per-unit of consumption time ω. Higher-quality varieties

provide more utility than lower-quality varieties when allocating the same amount of time

12For example, individuals may not feel satiated by the number of books they read or the cities they visit.

However, they may prefer taking more time to read one book and visit one city rather than rushing to read

more books and visit more cities.
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to their consumption. I simplify by considering a separable utility function of the form:

W (x, ω, q) = U(x, ω) · V (q); (3)

V (0) ≥ 0, Vq > 0, Vqq ≤ 0;

where U(x, ω) is the same function as in the previous subsection. As before, the time

allocated to consumption is taken as exogenous and normalized to be 1. Individuals maximize

(3) subject to

y ≤ x · p(q), (4a)

1 = x · ω; (4b)

x ≥ 0, ω ≥ 0; (4c)

where p(q) is price as a function of quality. Note that quality has no natural units of

measurement. It is only a preference order over the different varieties of the same good, such

that if two different varieties have quality indexes q0 and q00, then q0 > q00 means that one

unit of variety q0 is always preferred to one unit of q00. Thus, quality indexes may be rescaled

using an increasing function to obtain a simple specific pattern of prices as a function of

qualities. This facilitates the analysis. Specifically, by an appropriate relabelling of qualities

and without loss of generality, we can assume the following pattern of prices:13

p(q) = eq/γ; γ > 0. (5)

The function V (q) is assumed to be defined after this relabelling. Since marginal utility of

quality is assumed to be always positive, the budget constraint is always satisfied with equal-

ity. Taking (5) into account, utility maximization yields the following first order condition:

ηx(x, ω)− ηω(x, ω) = γ
Vq(q)

V (q)
. (6)

13To see that this, consider the original set of quality varieties to be {Q} = [0,∞). Quality varieties
are assumed to be indexed (labelled) according to an increasing preference order such that if q0 > q00, then

one additional unit of variety q0 is always preferred to one additional unit of q00. Let P (Q) be the price of

quality Q. P (Q) : [0,∞) → [1,∞) is assumed to be continuous, increasing, differentiable, and satisfying
P (0) = 1. Relabel varieties as q ∈ [0,∞) using the one-to-one increasing mapping φ(Q) = q defined as

φ(Q) ≡ γ lnP (Q). Hence, Q = P−1(eq/γ). Therefore, the price of each relabelled quality is given by

p(q) ≡ P (P−1(eq/γ)) = eq/γ . It may be noted that the parameter γ does not play any role in this section,

so that we could just take γ = 1. However, it will play an important role in the endogenous growth model

below so that it seems convenient to introduce it from the very beginning.
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Substituting with (4b) into (6) implicitly defines a consumer-optimal mapping between

x and q, ψ(x) = q. This mapping is a continuous function ψ(x) : (0, b)→ (0,∞), such that
b = x if either Assumption 2a or 2b holds or b = ∞ otherwise. Differentiating (6) with

respect to x and q (after using (4b) to substitute for ω), and using Assumption 1 yields:

dq

dx
≡ ψ0 (7)

=

∙
−∂ηx(x, ω)

∂x
+

∂ηx(x, ω)

∂ω

1

x2
− ∂ηω(x, ω)

∂ω

1

x2
+

∂ηω(x, ω)

∂x

¸
1

γ

V (q)

Vq(q)2/V (q)− Vqq(q)
> 0.

The mapping q = ψ(x) is depicted in Figure 1. In turn, given the individual’s income

y > 0, the frontier of consumer’s attainable pairs (x, q) is obtained by substituting with (5)

into the budget constraint (4a) with equality. This yields q = ln(y/x). The intersection of

q = ψ(x) and q = ln(y/x) determines the consumer’s optimal pair (x∗, q∗) (see Figure 1).

Then, (4b) determines ω∗. Clearly, for any y > 0 the two schedules cross in the positive

quadrant. Moreover, higher y implies higher x∗ and q∗. Hence, we have the following:

Proposition 1 Let Assumption 1 hold. As income rises, the quality of consumption in-

creases.

As argued in the Introduction, quality growth seems to be an increasingly important

component of GDP growth. The result in Proposition 1 is not enough to guarantee this.

It is also necessary that, as income rises, an increasing share of every income rise is spent

upgrading the quality of consumption. Assumption 2a or 2b imply this pattern. Using

q = ψ(x) to substitute in the income constraint y = xeq/γ and differentiating yields that the

share of an income rise dy that is spent increasing the quantity of consumption is p(q)dx
dy
=

1
1+x ψ0/γ . Reciprocally, the share of an income rise that is spent upgrading the quality of

consumption is

x
∂p

∂q

dq

dy
=

x ψ0/γ

1 + x ψ0/γ
. (8)

The following proposition conveys the message that as income rises, the share of every income

rise that is spent upgrading the quality of consumption is increasingly larger.

Proposition 2 Let Assumption 1 and Assumption 2a or 2b hold. For any s, 0 < s < 1,

there is an income level y(s) sufficiently large such that for y > y(s), a share larger than s

of every income rise is spent upgrading the quality of consumption.
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Proof. To check this proposition, recall that Assumption 2a or 2b imply that there is an

upper bound x to the quantity of consumption. Then, using the budget constraint y ≤ x eq

and the assumption that marginal utility of quality is always positive, we have limy→∞ q =

∞. Consider now the two main factors in expression (7) for ψ0. Since limy→∞ x∗(y) ≤ x,

Assumption 1 implies limy→∞

h
−∂ηx(x,ω)

∂x
+ ∂ηx(x,ω)

∂ω
1
x2
− ∂ηω(x,ω)

∂ω
1
x2
+ ∂ηω(x,ω)

∂x

i
> 0. In turn,

either limq→∞ V (q) = ∞, or limq→∞ Vq(q) = 0 and limq→∞ Vqq(q) = 0. In either case we

have limq→∞
V (q)

Vq(q)2/V (q)−Vqq(q) = ∞. Hence, from (7) we have limy→∞ ψ0 = ∞, so that
limy→∞ x∂p

∂q
dq
dy
= x ψ0/γ

1+x ψ0/γ = 1. Therefore, since (7) is continuous, for any s, 0 < s < 1, there

is an income level y(s) sufficiently large such that y > y(s) implies x∂p
∂q

dq
dy

> s.

4 The Quantity/Quality Composition of Growth

The partial equilibrium analysis of consumer decisions in the previous section has a straight-

forward implication for the dynamics of the quantity/quality composition of growth: quality

growth is an increasingly important component of GDP growth. This section develops this

implication and also sets the framework for the following sections.

4.1 Technology

There is a single representative agent and a single good that can be produced along a

continuum of qualities q ∈ [0,∞). Labor is the only factor of production and there are
constant returns to scale producing any quality. Producing higher quality requires more

labor per unit of output. Output at time t, xt, when producing quality qt is given by

xt =
AtL

F (qt)
.

where L is the labor input, At is a general efficiency parameter that evolves over time, and

F (q) is a continuous, differentiable, strictly increasing function function F (q) : [0,∞) →
[1,∞) that satisfies F (0) = 1. Labor supply is assumed to be constant and is normalized
L = 1. By an appropriate relabelling of qualities and without loss of generality, we can
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assume F (q) = eq/γ. Hence, the production function becomes:14

xt =
At

eqt/γ
. (9)

Denote the wage at t by wt. Assuming perfectly competitive markets, prices are

pt(q) =
eq/γ

At
wt. (10)

In this section, technical progress is exogenous:

g(At) = θ > 0. (11)

where g(.) indicates the growth rate of the variable in parenthesis.

4.2 The composition of GDP growth

Consider the same consumer problem (3)-(4) as in the previous section, where prices are

now given by (10). As in the previous section, from utility maximization we can obtain a

consumer-optimal continuous, positively valued, and increasing mapping qt = ψ(xt). Given

At, expression (9) determines the frontier of the feasible pairs (xt, qt), whereas qt = ψ(xt)

determines consumers’ choice among those pairs. The intersection between (9) and qt = ψ(xt)

determines the instantaneous equilibrium pair (xt, qt) at time t. See Figure 2. Clearly, for

any At > 0 there is a unique pair (xt, qt) > (0, 0) solving this system. Moreover, as At grows,

xt and qt will increase.

Denote GDP at time t at current prices by yt:

yt ≡ xt pt(qt).

Therefore, GDP growth at constant prices for each quality variety pt(q) is given by g(yt) =

g(xt) +
∂pt(q)/∂q
pt(q)

.
qt. Then, using (∂pt/∂q)/pt = 1/γ from (10) yields:

g(yt) = g(xt) +
qt
γ
g(qt). (12)

14To see this, consider the original set of quality varieties to be {Q} = [0,∞). Relabel quality varieties
as q ∈ [0,∞) using the one-to-one increasing mapping ϕ(Q) = q defined as ϕ(Q) ≡ γ lnF (Qt). Hence,

Q = F−1(eq/γ). Therefore, substituting in the production function yields xt = AtLt/F (Qt) = AtLt/e
qt/γ .

Note that (9) is not an unusual production function in models with quality differentiation (see, for example,

the important paper on international trade with quality differentiation Flam and Helpman 1987).
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This expression separates GDP growth into a quantity and a quality component. The quan-

tity component of GDP growth is:

g(xt) =
1

1 + xt ψ
0/γ

g(yt). (13)

Clearly, GDP growth is given by the exogenous growth of efficiencyAt; i.e., g(yt) = g(At) = θ.

This combined with Proposition 2 brings about the following:

Proposition 3 Let Assumption 1 and Assumption 2a or 2b hold. For any s, 0 < s < 1,

there is a level A(s) of development in terms of technical efficiency such that for A > A(s),

the share of quality growth in total GDP growth is larger than s (i.e., qt
γ
g(qt) > s · g(yt)).

Proof. Constant positive growth g(yt) = g(At) = θ implies limt→∞ yt =∞. Then, using the
arguments in the proof of Proposition 2, we have limt→∞ xt ψ

0/γ =∞. Therefore, (13) yields
limt→∞ g(xt) = 0. Reciprocally, limt→∞

qt
γ
g(qt) = g(yt). Since all the variables are continuous

as a function of time and as a function of At, the result in the proposition follows.

This result is consistent with the seemingly increasing importance of quality growth as a

component of GDP growth that was suggested in the Introduction.

5 Endogenous Growth with Quality-Biased Technical

Progress

As noted in the Introduction, recent international trade literature shows that richer countries

tend to have a comparative advantage in producing higher quality goods. Since richer coun-

tries have more advanced technologies, a potential explanation for this fact is that technical

progress tends to be quality biased. That is, as a country develops, efficiency producing the

higher qualities increases faster than efficiency producing the lower qualities. This section

builds a model where technical progress shows this bias.

The model introduces endogenous growth in the simple form of learning by doing. Rep-

etition of tasks improves skills and knowledge that in turn help both the speed and quality

of work (i.e., experience helps produce goods faster and better). Hence technical progress

comes along two dimensions: (i) general efficiency in producing any quality variety (which

is captured in the production function by the variable At); and (ii) relative efficiency in pro-

ducing higher qualities (which is captured in the production function by the variable γt). It
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is assumed that, for any given quantity of output, the higher is the quality being produced,

the more quality-biased is the resulting learning.15

5.1 The Model

Technology Consider the same production function as before except that now both tech-

nological parameters At and γt are subject to progress due to learning-by-doing. Labor

supply is constant and normalized to be 1. Thus, output at time t when producing quality

qt is given by:

xt =
At

eqt/γt
; (14)

As already noted, At is a general efficiency parameter, whereas γt governs the relative effi-

ciency in producing higher-quality goods. Technical progress in general efficiency At evolves

over time as a result of a standard learning by doing process, as in Krugman (1987) and

Lucas (1988):
.

At = θ1xt − δ1At; θ1 > δ1 > 0. (15)

In turn, γt is linked to both the quantity and quality being produced. For example, accu-

mulated experience in sewing shirts in a clothing factory may bring about not only a higher

number of sewed shirts per unit of labor but also improvements in skills and techniques for

carrying out more accurate seams. Or, in package delivery, accumulated experience may

help develop techniques to reduce misplacements (which is a quality characteristic), besides

increasing the number of deliveries per worker. In general, repeating a task helps improve not

only the speed at which the task is performed but also the quality of the result. Moreover,

the higher the output quality being targeted in a production process, the more likely it is

that learning will be quality-biased. Still, as the number of units being produced tends to

zero, learning would also tend to zero even if the quality being produced is very high. These

qualitative circumstances are embedded in a simple way in the following law of motion for

γt:
.
γt = θ2qtxt − δ2γt; θ2 > δ2 ≥ 0. (16)

15Learning by doing may be considered as an initial simple formulation for endogenous technical progress.

Still, a model with intentional R+D would likely bring about similar qualitative results on the increasing

quality bias of technical progress. The reason is that incentives for quality-biased R+D (as opposed to quality

neutral R+D) are likely to increase as consumers spend a larger share of any income rise on upgrading the

quality of consumption.
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Obsolescence parameters δ1 and δ2 may be justified in terms of a succession of finitely lived

representative agents whose skills have to be replaced.16 At any rate, results are obtained

assuming that δ1 and δ2 are small. In fact, the same central results can be obtained with

δ1 = δ2 = 0. However, δ1 > 0 brings about the existence of a steady state with constant

rates of growth, which seems interesting to consider.

Utility I now simplify by considering a particular case of the utility function in previous

sections that delivers an explicit solution. The representative agent maximizes the following

instantaneous utility function subject to the same constraints (4a)-(4b)-(4c) as before:

Ut =
ωt

eσ/xt
qt. (17)

As in the previous section, the production function (14) implies that perfect-competition

prices are given by pt(q) = wte
q/γt/At. This, together with the first order conditions of

utility maximization, brings about the following optimal relationship between quantity and

quality of consumption:
qt
γt
=

xt
σ − xt

. (18)

5.2 Equilibrium and Growth

Instantaneous Equilibrium Define zt ≡ qt/γt. This change in variable will allow solving

first a one-state variable (At) system with two control variables (xt and zt), instead of

dealing with a two-state variable system with two control variables (At and γt; and xt and

qt, respectively). Expressions (14) and (18) are now rewritten as:

xt =
At

ezt
; (19)

zt =
xt

σ − xt
. (20)

Given At, expression (19) sets the feasible pairs (xt, zt) at time t, whereas (20) determines

consumer choice among those pairs (see Figure 3). Note that x/ (σ − x) is increasing in

x > 0 with limx→0
x

σ−x = 0, whereas ln(At/x) is decreasing in x. Clearly, for any At > 0

there is a unique pair (xt, zt) > (0, 0) solving (19)-(20). Both xt and zt are continuous and

strictly increasing in At. Then, given γt, qt = ztγt determines output quality qt.

16Knowledge, experience, and skills are embodied in individuals that are subject to a life cycle.
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GDP Growth GDP at time t is yt ≡ xtpt(qt). GDP growth at time t at constant prices

pt(q) is given by g(yt) = g(xt)+
∂pt(q)/∂q
pt(q)

.
qt. Since (∂pt/∂q)/pt = 1/γt and using also (14), we

have

g(yt) = g(xt) +
qt
γt
g(qt) = g(At) +

qt
γt
g(γt). (21)

This expression provides two approaches to GDP growth. From the point of view of the

composition of output, GDP grows in both the quantity and the quality dimensions. From

the point of view of the source, GDP grows due to general as well as quality-biased technical

progress. The importance for GDP growth of consumption quality upgrading g(qt) and

quality-biased efficiency improvements g(γt) depends on the elasticity of prices with respect

to quality (∂pt/∂q)qt/pt, (∂pt/∂q)qt/pt = qt/γt ≡ zt. Clearly, there is no reason to expect

g(xt) to be equal to g(At) or g(qt) to be equal to g(γt) (in fact, this will only be the case in

the steady state). The behavior of GDP growth from the point of view of the composition of

output is the same as in the model in Section 4. Hence the remainder of this section focuses

on the analysis of GDP growth from the point of view of technical progress characteristics.

From (19), (15), and (16) we have:17

g(At) =
θ1
ezt
− δ1. (22)

g(γt) = θ2ztxt − δ2. (23)

Steady State This economy has a unique steady state with strictly positive growth. In

this steady state, the volume of output is constant whereas quality grows at a constant

positive rate. The following proposition characterizes this using asterisks to denote steady

state values.

Proposition 4 For δ2 sufficiently small, the model has a unique steady state with constant

values A∗ > 0, x∗ > 0, z∗ > 0, g∗q = g∗γ > 0, and g
∗
y = z∗g∗γ. Moreover, g

∗
y is increasing in θ1

and θ2, and decreasing in δ1 and δ2.

Proof. Substituting with g∗A = 0 in (22) yields z∗ ≡ (q/γ)∗ = ln(θ1/δ1) > 0. With this,

expressions (19) and (20) yield x∗ = σ ln(θ1/δ1)
1+ln(θ1/δ1)

and A∗ = x∗ θ1
δ1
. Then, g(zt) = g(qt)− g(γt)

17Note from (23) that, given the parameters of the economy and initial technological conditions, non-

negative growth rates of γt (and of GDP) require δ2 to be sufficiently low.
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implies g∗q = g∗γ, and (23) yields g
∗
q = g∗γ = θ2z

∗x∗ − δ2 (which is positive for δ2 sufficiently

small). Finally, (21) yields g∗y = z∗g∗γ.

In Figure 3, the z = ln(At/x) schedule shifts over time towards the North-East until it

crosses the z = x/(σ− x) schedule at point z∗ = ln(θ1/δ1), which corresponds to the steady

state.

Transitional Dynamics The system (19)-(20)-(22) can be solved independently from the

rest of equations. Denote the initial condition by A0. For A0 < A∗, the schedule (19) at

t = 0 crosses (20) to the South-West of (x∗, z∗) in Figure 3. It is easy to see that the economy

converges monotonically to its steady state.18

Now, using (21), we can characterize GDP growth from the point of view of the quality

bias of technical progress at different stages of development.

Proposition 5 Technical progress is mostly quality-neutral at early stages of development

(which are characterized by low levels of general efficiency A), but becomes increasingly

quality-biased over time.

Proof. See Appendix

This evolution of technical progress occurs in parallel to the shift of demand towards

higher-quality goods.

5.3 A Numerical Illustration

In spite of its simplicity, this framework may deliver reasonable long run paths for per capita

GDP growth. This section provides a numerical exercise.19 The Neoclassical model pre-

dicts decreasing growth rates, whereas standard endogenous growth models usually predict

constant rates. However, the secular pattern of growth in advanced economies since the

industrial revolution has been one of increasing growth rates that seem to have stabilized

somewhat below 2−percent in the last half century. For example, estimates of per worker
18Given 0 < A0 < A∗, (19)-(20) imply 0 < x0 < x∗ < σ, 0 < z0 < z∗ = ln(θ1/δ1). Then, g(xt) =

g(At)
σ−xt
2σ (which can be obtained using (22), (19), and (20)) implies g(At) > 0 and g(xt) > 0. Then,

g(zt) = g(xt) [1 + zt] implies g(zt) > 0. Therefore the system converges monotonically to (A∗, x∗, z∗).
19Notwithstanding, the stripped-down simplicity of the technical progress functions assumed in the model

prevents obtaining quantitatively plausible long run paths for the division of growth between quantity and

quality growth.
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output growth in England at the beginning of the ninetieth century go from 0.35−percent to
1.3−percent (see Feinstein 1981, and Crafts and Harley 1992). On the other hand, US per
capita growth in the recent decades has averaged about 1.7−percent (though, as discussed
in the Introduction, this number may underestimate actual growth due to unmeasured qual-

ity growth). In this subsection the model is discretized and calibrated so that it roughly

matches the long run per capita growth path of the most advanced economies in the last

two centuries along those numbers. The calibration generates an initial per capita GDP

growth of 0.72−percent (which is roughly consistent with the mean of the cited estimates
for England at the beginning of the XIXth century) and yields a steady state growth of

1.8−percent (which is consistent with the overall observed trend in the last decades).
Parameter values are set as follows. Since skills and knowledge are embodied in individ-

uals, annual depreciation rates δ1 = δ1 = 0.025 seem reasonable. Furthermore, I set σ = 3,

θ1 = 0.054, θ2 = 0.048. Finally, the initial value A0 is chosen such that x0 = 1. Figure 4

draws the annual rates of growth of GDP for 300 years. As noted, calibrated GDP growth

starts at an annual rate of 0.72−percent and then shows a rapid acceleration, doubling after
120 years and surpassing 1.68−percent after 150 years.
GDP growth is also divided in Figure 4 into the quantity growth component, g(xt), and

the quality growth component, ztg(xt). Consistent with Proposition 4, quantitative growth

is the main source of growth at initial stages. Then, it is gradually substituted by quality

growth. Although an empirical assessment of the secular paths of these two components of

growth does not yet exist, their paths in Figure 4 seems implausible (the calibration seems to

overrate quality growth in late periods). Future work may find it necessary to introduce more

flexible functional forms for technical progress in order to generate more reasonable secular

paths of these two components, as estimates of these paths become available. Introducing

population growth will also enhance the importance of quantity growth.20

6 Growth Policy: Progressive Consumption Taxes

Progressive consumption taxation (i.e., taxing higher-quality or luxury goods at higher rates)

has been discussed from different perspectives such as the impact on aggregate savings and

20Note that population growth would be directly added to quantity GDP growth and would likely reduce

the quality bias of technical progress.
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the distribution of wealth.21 This section discusses its possible role as a growth policy

through its influence on the composition of demand. Note that different quantity/quality

compositions of demand and output give rise to different technical progress in terms of in-

tensity and quality bias. Moreover, the value of quality-biased technical progress changes

along different stages of development: as individuals become richer and consume higher

quality, quality-biased technical progress becomes more valuable for GDP growth. In this

context, distortionary consumption taxes (or subsidies) can be used to influence the quan-

tity/quality composition of demand in order to enhance growth by appropriately directing

technical progress.

Influencing Demand Composition At any point in time, the government can influence

the instantaneous equilibrium pair (xt, zt) by using a non-linear tax/subsidy scheme. Con-

sider the following tax/subsidy scheme parameterized by τ > 0: pτ,t(q) = [pt(q)]
τ ; where

pτ,t(q) is the after-tax/subsidy price of quality q at time t. Clearly, τ > 1 (respectively,

τ < 1) involves a tax/subsidy scheme relatively unfavorable (respectively, favorable) to

higher-quality goods. Consumers are assumed to finance these subsidies or receive the yields

of this tax scheme in a lump sum. The production function in (19) together with perfect

competition yields pτ,t(q) = η
£
wte

qt/γt/At

¤τ
. Plugging in after-tax prices into the income

constraint and maximizing utility yields a new version of expression (20):

ztτ =
xt

σ − xt
. (24)

This expression together with (19) determines the new instantaneous equilibrium. Now,

taking derivatives in (24) yields:

dzt
dτ

=
xt [σ − xt]

σ [∂xt/∂zt]− τ [σ − xt]
2 < 0; (25)

where from (19) we have ∂xt/∂zt = −xt. Therefore, as expected, tax/subsidy schemes that
tax higher-quality goods at higher rates (or subsidize them at lower rates) reduce the quality

of consumption and increase quantity. This can be used to affect technical progress and

growth.

Enhancing Growth At early development stages, the small scale of output may be the

most important impediment for faster technical progress. Therefore, reducing the demand
21See for example Frank (2005) and references therein.
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for quality and raising the scale of output may enhance GDP growth. However, promoting

quality-biased technical progress may be optimal at later stages of development when con-

sumers are richer and efficiency in producing higher quality becomes more valuable. This is

in fact the case in this model. To see this, consider the impact of a tax/subsidy scheme τ

on GDP growth. From (21), we have:

dg(yt)

dτ
=

∙
dg(At)

dzt
+ zt

dg(γt)

dzt
+ g(γt)

¸
dzt
dτ

. (26)

Changing τ affects GDP growth through three components: the growth of At, the growth

of γt, and the GDP-growth impact of γt growth which is given by zt. As shown in (25),

higher τ reduces the quality of output and increases its scale. This is always positive for

g(At) but may have an uncertain effect on g(γt), and has a negative effect on zt. The

relative importance of these three effects changes over time. Early stages of development

are characterized by a low general efficiency At, resulting in an output consumption xt close

to zero and minimal quality. Increasing the scale of output at these stages brings about a

sizable increase in general efficiency A growth, whereas the alternative of increasing quality

would not bring about much quality-biased technical progress because this also requires a

large scale of output, which is hurt by increasing quality (see (22) and (23)). Moreover,

quality-biased technical progress is of little value because individuals are consuming very

low quality at these stages (hence zt is low in (21)). Hence, a tax/subsidy scheme that shifts

GDP towards larger output has a positive net effect on GDP growth at early development

stages. However, the positive effect of a progressive tax scheme on g(At) becomes weaker

at later stages, as At increases. Meanwhile, the negative effect on g(γt) becomes larger,

while the growth value of being more efficient in producing higher quality (which is given by

zt) also increases. Therefore, for some parameter values, a tax/subsidy scheme that shifts

consumption towards higher quality and lower quantity may have a positive effect on GDP

growth at more advanced stages of development.

Proposition 6 At early stages of development, progressive consumption taxes enhance GDP

growth. This may not be the case at later stages.

Proof. Consider the initial stages of development, which are characterized by At being close

to 0. As already noted, from (19)-(20) we have limAt→0 xt = limAt→0 zt = 0. Now consider

the three components in (26). From (22) we have limAt→0 dg(At)/dzt = −θ1/ezt < 0; whereas
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from (23) we have limAt→0 dg(γt)/dzt = 0 and limAt→0 g(γt) ≤ 0. Since dzt/dτ < 0 (see (25)),

this yields limAt→0 dg(yt)/dτ > 0. Now, continuity of these derivatives implies that at least

for an initial interval of time such that At is still sufficiently low, GDP growth is increasing

in the tax scheme τ .

Note that since the arguments in the proof do not use the assumptions on preferences,

this proposition holds for any utility function as long as dzt/dτ < 0. As already noted, once

output has reached a sufficiently large scale, growth could be more effectively enhanced by

favoring the quality dimension of consumption. That is, for some parameters of the model, a

subsidy to the production of higher quality goods, τ < 1, may enhance growth. This would

be the case, for example, for δ1 and δ2 close to zero and ln (θ1/δ1) < 2.22 This, of course,

requires θ2 being strictly positive. In the case θ2 = 0, which corresponds to a standard

learning-by-doing model where technical progress is unbiased, progressive taxation always

enhances growth. The obvious reason is that, in this case, only the quantity of output has

a positive effect on technical progress.

7 Inequality and Growth: The Quality Channel

This section analyzes the impact of income inequality on growth channeled through the

quantity/quality composition of output. In this model, the distribution of income affects

the quantity/quality output composition, which in turn influences the intensity and quality

bias of technical progress. This in turn affects growth. Given the technology at a point in

time, higher inequality involves higher average quality of output but smaller scale. Since

at early stages of development a larger scale tends to be more beneficial to growth than

higher average quality, higher inequality hinders growth during these stages. Nonetheless,

the sign of this effect can change at later stages: when the scale of production is already large

and when consumers prefer upgrading the quality of consumption rather than augmenting

its quantity, increasing the quality bias of technical progress may help GDP growth. As

a result, higher inequality, which raises the quality bias of technical progress, may have a

positive impact on growth.

22In such a case, we have z∗ < 2. The argument is completed using (26) to get dg(yt)/dτ =h
− θ1

ezt + θ2σ
z2t
1+zt

(2− zt)− δ2

i
dzt
dτ , substituting with θ1/e

z∗ = δ1, and applying continuity around the steady

state.
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7.1 The Model with Income-Heterogeneous Agents

Income inequality can be introduced in a simple way by assuming that different individuals

supply different efficiency units of labor. Let i be individual i’s inelastic supply of efficiency

units of labor; i = 1, ..., I. Efficiency units of labor are normalized so that total supply is equal

to one:
P

i i ≡ L = 1. All individuals have the same utility function (17) assumed in the

previous two sections. I adopt the strong simplification that every period each individual’s

consumption is equal to her income. Technology is also the same as in previous sections,

except that now labor in the production function is measured in efficiency units.

Each efficiency unit of labor earns wage wt at time t. GDP is denoted by Yt. Since

L = 1, we have wt = Yt. Different individuals may now consume different qualities since

their incomes may be different. Denoting by xqt the production of quality q at time t, GDP

is now given by:

Yt ≡
P

q xqtpt(q). (27)

Denote individual i’s income by yit and her share in aggregate income by βi: yit ≡ iwt =

βiYt. Individual i’s quantity of consumption at time t is xit, qit is its quality, and zit ≡ qit/γt.

Given At, individual i’s budget constraint at time t is βiYt = xitpt(qit) = xit
ezit
At

wt. Thus,

since wt = Yt, individual i’s attainable pairs satisfy:

xit =
At

ezit
βi. (28)

Intersection of (28) with expression (20) from utility maximization determines individual i’s

equilibrium at time t (which, in turn, given γt, determines her quality choice qit). See Figure

5 where (28) is drawn for two individuals m and n such that βm > βn. Clearly, βm > βn

implies (xmt, zmt) > (xnt, znt).

Using (28) to substitute in (27) yields Yt =
P

i
At

eqit/γt
βipt(qi). Hence, GDP growth at

constant prices is given by:

g(Yt) = g(At) + g(γt)
P

i βizit. (29)

Finally, expressions (22) and (23) become:

gAt =
θ1
At

P
i xit − δ1; (30)

gγt =
θ2
γt

P
i xitqit − δ2. (31)
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7.2 Inequality and Growth

The growth impact of inequality is analyzed by considering the instantaneous growth effect

of a change in the distribution of the βis (with
P

i βi = 1), with given technology and

aggregate labor supply.23 Specifically, I consider the impact of higher inequality defined as a

mean-preserving spread on the distribution of the βis; i.e., a redistribution from individuals

with lower βi to individuals with higher βi. This involves analyzing the sign of
dg(Yt)
dβm
− dg(Yt)

dβn
,

for βm > βn. In turn, this accounts to analyzing the sign of
d2g(Yt)

dβ2i
, where a negative value

would imply a negative impact of inequality on growth.

From (29) the derivative of GDP growth with respect to βi is given by

dg(Yt)

dβi
=

dg(At)

dβi
+

dg(γt)

dβi

P
i βizit + g(γt)

d
P

i βizit
dβi

. (32)

In this expression, g(At) is increasing and concave in βi. The reason is that g(At) only

depends on the sum of quantities being produced
P

i xit and consumption quantities are

concave in income. Thus, increasing inequality is negative for g(At). In turn, g(γt) (which

depends on
P

i qitxit) is increasing in βi and initially convex, but can change to concave

before the steady state is reached. Similarly,
P

i βizit is also convex in βi for low zit. Hence

the sign of the relationship between inequality and growth through the quantity/quality

mechanism may change over time as a country develops.

However, inequality has a definite negative effect at early stages of development. The

reason is that, at these stages, the growth value of g(γt) (which is given by
P

i βizit; see

the second right-hand term of expression (32)) tends to be null because the preference for

quality at low income levels is very low (note that both xit and zit are close to zero when At

is close to zero, even for the richer individuals). In other words, being able to produce higher

quality at low cost has little value at early stages of development. Moreover, g(γt) in the last

term of (32) is also close to zero since the xitzit terms are close to zero. Therefore, only the

negative effect of inequality on g(At) is quantitatively relevant at early stages. Conversely,

at more advanced stages of development, the effect on g(At) becomes small whereas the

23Note that βi may be seen as the share of the aggregate labor supply (in efficiency units) that individual

i is able to buy in order to produce her consumption bundle. The analysis may be seen as comparing

growth for two different economies with the same technology and aggregate labor endowments but different

distribution of efficiency units of labor, or as considering the growth effect of an income redistribution through

a government lump-sum tax/transfer scheme.
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value of raising quality efficiency γt increases. Therefore, the sign of the inequality/growth

relationship may change to positive depending on the specific value of the parameters.24

Proposition 7 At early stages of development, inequality has a negative impact on growth

through the quantity/quality mechanism. The sign of this impact may change at later stages.

Proof. See Appendix.

Another intuitive way to explain this proposition is as follows. More unequal poor

economies spend a larger share of GDP in the production of luxury goods consumed by

the elite. This limits the possibilities of generating aggregate productivity gains for two

reasons. First, achieving significant technical progress though learning-by-doing requires a

large scale of production. However, producing for the elite in a poor country implies that the

scale of production is small. And second, technical progress will tend to be strongly quality

biased. However, technical progress in producing higher-quality goods may be of little value

for producing the varieties consumed by the majority of the population (who, even in poor

unequal societies, absorb a large share of GDP).

As pointed out in the Introduction, the prediction in this proposition is consistent with

most empirical evidence on the relationship between inequality and growth. Work on the

relationship between inequality and growth tends to be impaired by reverse causality prob-

lems and the lack of reliable data. To reduce these problems, Easterly (2007) instruments for

inequality using some physical characteristics of a countries’ land. He finds an overall nega-

tive impact on growth. Still, there is evidence suggesting that this impact may be non-linear

and may even turn positive for the group of richer countries. In fact, Deininger and Squire

(1998) found that inequality reduces income growth in poor countries but not in rich ones.

In turn, Forbes (2000) found a positive relationship between inequality and growth using a

sample that included mostly developed countries. This non-linear effect between inequal-

ity and growth may be explained by other mechanisms different from the quality/quantity

mechanism explored here. For example, it may be explained by the negative consequences of

credit constraints on human capital (Galor and Zeira 1993), as long as human capital is the

relatively more scarce production factor in poor countries and these constraints are loosened

24Clearly, if θ2 = δ2 = 0, the quality being produced has no impact on technical progress. Hence, growth

is always maximized by maximizing quantity at every point in time, which in turn implies that inequality is

always negative for growth.
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as countries become richer. However, Barro (2000) and (2008) still finds a non-linear effect

of inequality on growth after controlling for schooling as well as other possible mechanisms

suggested by the literature (such as the investment ratio and rule of law). Specifically, he

finds a negative impact of inequality on growth among the group of less developed countries,

which vanishes or even turns into a positive impact among the group of richer countries, as

predicted by the model in the paper.

8 Concluding Comments

Recent empirical work in several areas such as real GDP growth measurement and inter-

national trade has uncovered the increasing importance of the quality dimension of output.

This paper explores the consumer time-constraint foundations of the demand for quality and

some of its macroeconomic implications. The starting point is that consumption requires

time and that higher-quality goods provide higher utility per unit of time though at a higher

monetary cost. It is then shown that additions to income are increasingly spent upgrading

the quality of consumption. The paper provides a very tractable model where macroeco-

nomic issues related to the quality dimension of goods can be analyzed. Four topics receive a

first-bite examination: the share of quality growth as a component of GDP growth, the qual-

ity bias of technical progress, the role of progressive consumption taxes as a growth policy,

and the impact of inequality on growth through the quantity/quality mechanism. In spite of

its simple structure, the growth model in this paper can deliver reasonable quantitative paths

for the secular growth of GDP in advanced economies. Notwithstanding, the calibration put

forward seems to largely overestimate the quality component of GDP growth. Building and

calibrating models that can match the quantity and quality components of long run GDP

growth —as more thorough estimates of these components become available— and that can be

linked to recent patterns of international trade and technical progress seems an interesting

area for future research.

References

[1] Aguair, Mark, and Erik Hurst (2007). “Lifecycle Prices and Production,” American

Economic Review, 97(5): 1533-1559.

27



[2] Aguair, Mark, and Erik Hurst (2008). "Deconstructing Lifecycle Expenditure." mimeo.

[3] Barro, Robert J. (2000). "Inequality and Growth in a Panel of Countries." Journal of

Economic Growth, 5(1): 5-32.

[4] Barro, Robert J. (2008). "Inequality and Growth Revisited." Asian Development Bank

working paper No. 11.

[5] Becker, Gary S. (1965). “A Theory of the Allocation of Time.” Economic Journal,

75(299): 493-517.

[6] Bils, Mark (2005). Measuring Growth from Better and Better Goods.” NBER Working

Paper 10606, revised 2005.

[7] Bils, Mark (2009). "Do Higher Prices for New Goods Reflect Quality Growth or Infla-

tion?" Quarterly Journal of Economics, 124(2).

[8] Bils, Mark and Peter J. Klenow (2001). "Quantifying Quality Growth." American Eco-

nomic Review, 91(4): 1006-1030.

[9] Boskin Commission Report (1996). "Toward a More Accurate Measure

of the Cost of Living." Final report to the Senate Finance Commit-

tee from the Advisory Commission to Study the Consumer Price Index,

http://www.ssa.gov/history/reports/boskinrpt.html

[10] Choi, Yo Chul, David L. Hummels, and Chong Xiang (2008). "Explaining Import Qual-

ity: the Role of the Income Distribution." Journal of International Economics, forth-

coming.

[11] Crafts, Nicholas F.R., and Knick Harley (1992). "Output Growth and the British Indus-

trial Revolution: A Restatement of the Crafts-Harley View." Economic History Review,

45(4): 703-730.

[12] Deininger, Klaus, and Lyn Squire (1998). "New ways of looking at old issues: inequality

and growth." Journal of Development Economics, 57(2): 259—287.

[13] Easterly, Williams (2007). "Inequality does cause underdevelopment." Journal of De-

velopment Economics, 84(2): 755-776.

28



[14] Feinstein, Charles H. (1981). "Capital accumulation and the industrial revolution." In:

Roderick Floud and Donald McCloskey (eds.), The Economic history of Britain since

1700, Vol. I. Cambridge: CUP.

[15] Flam, Harry, and Elhanan Helpman (1987). “Vertical Product Differentiation and

North—South Trade.” American Economic Review, 77(5): 810—822.

[16] Foellmi, Reto, and Josef Zweimüller (2006). "Income Distribution and Demand-Induced

Innovations." Review of Economic Studies, 73(4): 941-960.

[17] Forbes, Kristin J., (2000). "A Reassessment of the Relationship Between Inequality and

Growth." American Economic Review, 90(4): 869-87.

[18] Frank, Robert H. (2005). "Progressive Consumption Taxation as a Remedy for the U.S.

Savings Shortfall." The Economists’ Voice, 2(3), article 2.

[19] Galor, Oded, and Joseph Zeira (1993). "Income Distribution and Macroeconomics."

Review of Economics Studies, 60(1): 35-52.

[20] Goolsbee, Austan, and Peter Klenow (2006). "Valuing Consumer Products by the Time

Spent Using Them: An Application to the Internet."American Economic Review, 96(2):

108-113.

[21] Gordon, Robert J. (2005). "Apparel Prices and Hulten/Bruegel Paradox." NBERWork-

ing Paper 11548.

[22] Gordon, Robert J. (2006). "The Boskin Commission Report: A Retrospective One

Decade Later." NBER Working Paper 12311.

[23] Greenwood, Jeremy, Ananth Seshadri, and Mehmet Yorukoglu (2005). “Engines of Lib-

eration.” Review of Economic Studies, 72(1): 109—133.

[24] Greenwood, Jeremy, and Gokce Uysal (2005). “New Goods and the Transition to a New

Economy.” Journal of Economic Growth, 10(2): 99—134.

[25] Grossman, Gene M., and Elhanan Helpman (1991). Innovation and growth in the global

economy. MIT Press, Cambridge, Mass.

29



[26] Hall, Robert E., and Charles Jones (2007). “The Value of Life and the Rise in Health

Spending.” Quarterly Journal of Economics, 122 (1): 39-72.

[27] Hallak, Juan C. (2006). “Product Quality and the Direction of Trade.” Journal of

International Economics, 68(1): 238-265.

[28] Hummels, David, and Peter Klenow (2005). “The Variety and Quality of a Nation’s

Exports.” American Economic Review, 95(2): 704—723.

[29] Krugman, Paul (1987). "The narrow moving band, the Dutch disease, and the economic

consequences of Mrs. Thatcher: Notes on trade in the presence of dynamic economies

of scale." Journal of Development Economics, 27(1): 41-56.

[30] Lucas, Robert E. (1988). "On the Mechanics of Economic Development." Journal of

Monetary Economics, 22(1): 3-42.

[31] Mani, Anandi (2001). "Income Distribution and the Demand Constraint." Journal of

Economic Growth, 6(2): 107-133.

[32] Matsuyama, Kiminori (2002). "The Rise of Mass Consumption Societies." Journal of

Political Economy, 110(5): 1035-1070.

[33] Milanovic, Branko, Peter H. Lindert, and Jeffrey G. Williamson (2008). "Ancient In-

equality." Mimeo, Harvard University.

[34] Moulton, Brent R. and Karin E. Moses (1997). "Addressing the Quality Change Issue in

the Consumer Price Index." Brookings Papers on Economic Activity:1-Macroeconomics:

305-366.

[35] Murphy, Kevin M. , Andrei Shleifer, and Robert Vishny (1989). "Income Distribution,

Market Size, and Industrialization." Quarterly Journal of Economics, 104(3): 537-564.

[36] Rosenberg, Nathan (1972). Technology and the American Economic Growth. New York:

M. E. Sharpe.

[37] Schott, Peter (2004). “Across-Product versus Within-Product Specialization in Inter-

national Trade.” Quarterly Journal of Economics, 119(2): 647—678.

30



[38] Shapiro, Matthew D., and David W. Wilcox (1996). "Mismeasurement in the Consumer

Price Index: An Evaluation." in Ben S. Bernanke and Julio J. Rotemberg. eds., NBER

Macroeconomics Annual. Cambridge, Massachusetts, MIT Press.

[39] Stokey, Nancy L. (1988). "Learning by Doing and the Introduction of New Goods."

Journal of Political Economy, 96(4): 701-17.

[40] Zweimüller, Josef (2000). "Schumpeterian Entrepreneurs Meet Engel’s Law: The Impact

of Inequality on Innovation-Driven Growth." Journal of Economic Growth, 5(2): 185-

206.

[41] Zweimüller, Josef, and Johann K. Brunner (2005). "Innovation and Growth with Rich

and Poor Consumers." Metroeconomica, 56(2): 233-262.

9 Appendix: Proofs of Propositions

9.1 Proof of Proposition 5

First consider the instantaneous equilibrium at initial stages of development (i.e., for A(t)

close to zero). Note that limAt→0 g(At) = θ1 − δ1 > 0. In turn, limAt→0 zt = 0 and

limAt→0 xt = 0; and therefore, limAt→0 g(γt) = limAt→0 θ2ztxt − δ2 ≤ 0. Also note that

growth rates are continuous in time. Hence, for A(t) sufficiently close to zero we have

g(At) > g(γt). Therefore, at early stages of development, quality-neutral technical progress

gA is the main source of growth.

Now consider later stages of development. Recall that zt increases monotonically to

its steady state. Hence expression (22) implies that g(At) decreases monotonically from

gA(0) > 0 to g∗A = 0. On the other hand, since zt and xt increase monotonically towards

their steady state values, (23) implies that ztg(γt) increases monotonically towards z
∗
t g
∗
γ

which is strictly positive.

9.2 Proof of Proposition 7

Early stages of development are characterized by low levels of general efficiency A. Fur-

thermore, increases in inequality are defined as income redistributions from individuals with

31



lower βi to individuals with higher βi. Thus, to prove Proposition 7 I will show that for A

sufficiently small, d2g(Yt)/dβ2i in expression (29) is negative.

Before turning to that derivative, first consider the derivatives of xit, zit, and xitzit with

respect to βi. The time subscript does not play any role in the following and therefore it is

suppressed. Given A, xi and zi can be solved from the system (20)-(28). Using this system

(and taking into account that in equilibrium xi = σ zi
1+zi

), the derivatives of xi and zi with

respect to βi yield

dxi
dβi

=
A

ezi
(σ − xi)

2

(σ − xi)
2 + σxi

> 0,
d2xi

dβ2i
= − A

ezi
(zi + z2i + 1) (zi + 2) (zi + 1)σ

3

(σ + ziσ + z2i )
3

dzi
dβi

< 0;

dzi
dβi

=
A

ezi
(zi + 1)

2

(zi + z2i + 1) σ
> 0,

d2zi

dβ2i
= − A

ezi
(2zi + z2i + 3) (zi + 1) zi

(zi + z2i + 1)
2
σ

dzi
dβi

> 0.

d (xizi)

dβi
= σ

(zi + 2) zi

(z + 1)2
dzi
dβi

> 0,
d2 (xizi)

dβ2i
= − A

ezi
(z3i + 2 (z

2
i + zi − 1)) (zi + 1)
(zi + z2i + 1)

2

dzi
dβi

.

The sign of the last expression depends on the size of zi. Now, consider the second derivative

of expression (29) with respect to βi:

d2g(Yt)

dβ2i
=

d2g(A)

dβ2i
+
d2g(γ)

dβ2i

X
i
βizi+2

dg(γ)

dβi

∙
βi

dzi
dβi

+ zi

¸
+g(γ)

∙
βi
d2zi

dβ2i
+ 2

dzi
dβi

¸
= H

dzi
dβi
;

where

H ≡ −θ1
1

ezi
(zi + z2i + 1) (zi + 2) (zi + 1)σ

3

(σ + ziσ + z2i )
3 + θ2

A

ezi
2 (1− z2i − zi)− z3i
(1 + zi + z2i )

2 (1 + zi)
X

i
βizi

+2θ2σzi
2 + zi

(1 + zi)
2

∙
βi
dzi
dβi

+ zi

¸
+ g(γ)

"
βi

A

ezi
2 (1− z2i − zi)− z3i
(1 + zi + z2i )

2 (1 + zi) + 2

#

Taking into account that limA→0 xi = limA→0 zi = 0, we have

lim
A→0

H = −2 (θ1 + δ2) < 0.

Note that xi, zi and all the derivatives above are continuous inA. Therefore, forA sufficiently

close to 0 we have d2g(Yt)/dβ
2
i < 0.
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