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Demand Bias as an Explanation for Structural Change

by

Erich Gundlach

Abstract

An income elastic demand for services is usually regarded as one of the major explanations

for the observed pattern of structural change in the world economy. Recent empirical findings

cast some doubt on this demand-bias hypothesis. This paper presents a simple model of

structural change that allows an assessment of the implications of alternative demand

elasticities. The analysis focusses on restrictions for the set of consistent parameter values

derived from demand theory. The results show that lagging productivity growth in the service

sector and a homothetic or income inelastic demand for services do not suffice to explain the

stylized facts.
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I. Introduction

Conventional wisdom has it that the aggregate demand for services is income elastic: With

rising incomes, expenditures for services are expected to increase more than proportionally.

This demand-bias hypothesis, together with the hypothesis of lagging productivity growth in

the service sector, was suggested by Kuznets (1966) and others1 as an explanation for the

long-run rise of the employment share of the service sector that is a common feature of all

industrialized countries. E.g., in the United States, about two thirds of the workforce were

employed in the service sector2 in the early 1990s, up from roughly one third at the turn of

the century.

Other stylized facts of structural change that go hand in hand with a long-run rise of income,

are an increase in the relative price of services, and more or less invariant real output shares

of services. Hence more advanced economies can be expected to employ a larger fraction of

the workforce in the service sector, and to pay higher relative prices for services; in real

terms, the contribution of services to GDP will remain much the same in advanced and less

advanced economies, however. In the literature, these empirical regularities3 are sometimes

referred to as "Petty's Law" (Clark, 1951) or the "cost disease of stagnant services" (Baumol,

1991).

Intuitively, income elastic demand for services (demand bias) and lagging productivity

growth in the service sector (productivity bias) may give a reasonable explanation for the

stylized facts of structural change. Yet up to now there have been only very few attempts to

check the consistency of the demand-bias and the productivity-bias hypotheses within a

theoretical model economy. Baumol (1966) suggested a two-goods-one-factor model, with a

focus on the supply side. Models with two factors and two goods known from international

trade theory and adopted for the present context, usually either abandon the demand bias4

(Wolff, 1985) or the productivity bias (Siebert, 1977) to guarantee a model solution.5 Hence

the Baumol-model, extended by an explicit demand specification as suggested by Inman

(1985b), still represents a useful framework to assess the plausibility and the interaction of the

demand-bias and productivity-bias hypotheses as explanations for the stylized facts of

structural change.

1 For an overview, sec Inman (1985a).
2 "Services" defined as: wholesale and retail trade; finance, insurance real estate; other services; public

administration. The figures are taken from Fuchs (1981) and U.S. Department of Commerce (1992).
3 For international comparisons, sec, e.g., Clark (1951, 1979), Ku/.ncts (1966), Kravis el al. (1982), Heilgcr

(1983), van Gcmcri (1987), Gundlach (1993).
4 For an exception, sec Bcrgstrand (1991).
5 For models with two factors and two goods which focus on the demand side but do not provide a solution

for sectoral employment shares, sec Chcctham ct al. (1974) and Skolka (1977). For a similar model with
increasing returns to scale, sec Locay (1990).



The basic motivation for a reconsideration of this approach is twofold. First, it can be shown

that some restrictions derived from demand theory effectively constrain the set of parameter

values which is capable of reproducing the stylized facts of structural change in a hypothetical

two-goods-one-factor economy. This aspect has not been discussed in the literature so far.

Second, the consensus figure for the income elasticity of demand for services seems to be

about 1.05 (Inmun, 1985b) but empirical evidence in favor of such an estimate has been

challenged by recent studies: In an international cross-section analysis, Summers (1985) finds

an income elasticity which is not different from 1; Hammes et al. (1989) find an income

inelastic demand for services in a time series analysis for Canada, France, and the US;

Gundlach (1993) finds no conclusive evidence in favor of an income elastic services demand

for Germany.

This paper looks at the consequences of an income inelastic or homothetic services demand

, for an explanation of structural change, i.e. whether these preferences give rise to a

theoretically consistent set of parameter values which is compatible with a reproduction of the

stylized facts. Section II outlines a two-goods-one-factor model of structural change. Section

III presents the model's predictions with regard to relative prices, output shares, and

employment shares as a function of supply and demand parameters. Section IV uses

alternative parameter estimates from the empirical literature to check the model's ability to

reproduce the stylized facts. The concluding section summarizes the main arguments in a

diagrammatic way.

II. A Simple Model of Structural Change

Consider a model that attempts to explain shifts in the sectoral allocation of output and labor

within a closed system, call it the world economy. Within this world economy, aggregate

supply (Qsj equals aggregate demand \QD) at time t:

(1) G? = Q? •

Assume that the model economy consists of the two sectors manufactures (m) and services

CO, each of them completely specialized either in the production of manufactures (Qm) or

services {Qs). The only input factor, labor (L), and technology are given; the growth rate of

labor productivity (r) in the manufacturing sector is higher than in the service sector

(rm > rs). Hence the two production functions read

(2) Qs
mi = aLmte^

(3) Ql = bLSie
v

where a and b are constants.



The two demand functions are given by

V*> Urn, ~ c Pm, Ps, Jl L l

(5)

with

Qs, = cP;«p^

Pi •

y - •

£ij

r)i

c.d :

prices

income per worker

price elasticities

income elasticities

constants

where the demand-bias hypothesis postulates that

T}s>\,i.e.T]s>T)m .

With full employment and perfect competition, income per worker equals the value of the

marginal product of labor and is the same in both sectors due to the intersectoral mobility of

labor:

. . . Qm,
(6) ym, s -T7- L Pm, = "Pm,

" Lm,

For simplicity, set pm = 1 and get

(7) y, = aer"'

as the wage equation and

(8)
y,

as the percentage rate of change of income per worker over time. Finally, the budget

constraint of the model economy is given by

(9) y,L, = p,,hQ^ + pSiQ° .

This set-up differs from previous approaches in two ways. First, I delete the restriction that

output shares do not change with rising incomes, and second, 1 use a more flexible demand

specification which allows to account for cross-price effects. Therefore, this model is less

restrictive with respect to the output structure and at the same time makes possible to

constrain the set of consistent parameter values by having recourse to the general restrictions

of demand theory.



III. The Stylized Facts of Structural Change in the Model Economy6

The model's predictions for the stylized facts of structural change can be derived as follows.

With perfect competition, prices equal marginal cost in equilibrium. In a one-factor model,

marginal cost (me) is defined by the ratio of income per worker to physical marginal product

(10) mcm = y = pm

<TQmldLm

(11) me, B

Differentiating the production functions (2) and (3) with respect to labor, and solving for

prices gives the solution for relative prices as

(12) pjp, =
y b er's

b

and the percentage rate of change of relative prices over time is given by

(13)
PjPm

Given that the productivity-bias hypothesis holds (rm >rs), equation (13) confirms that the

relative price of services will increase over time which is compatible with the stylized

empirical evidence.

The simple model outlined above does not consider intermediate products and no investment

goods. Therefore, the structure of production equals the structure of consumption:

Using the demand equations (4) and (5), the wage equation (7), and the equation for relative

prices (12), it can be shown that (for pm = \) the solution for the output structure is

determined by

(15) fii = 4 U ) f o 1 >
Qm C

_ r

6 In the following sections, time subscripts are deleted for convenience.



With/ = — — a\ls Iml
cVb)

and the percentage rate of change of the quantity structure over time is given by

(16)
QJQn

To get a result for the employment structure of the model economy, the production functions

(2) and (3) can be solved for L. Again using the wage equation (7), the equation for relative

prices (12), and the demand equations (4) and (5), it can be shown that (for p = \) the

employment structure is determined by

i f . = £ f J

Lm b

a d (a^E"~e"°^ (77 -rj )
with ? = - a w ' ' " '

and the percentage rate of change of the employment structure over time is given by

( 1 8 ) l_JZ. = {rm-r

In contrast to the result for relative prices, the model does not give a definite confirmation of

the stylized facts for the output and employment structure: Given that demand bias (f]j>T]m)

and productivity bias {rm>rs) hold, equations (16) and (18) allow for rising, constant, or

declining shares, depending on the actual outcome of the price elasticities.

If the quantity structure is assumed to remain constant, however, the employment structure

must change in favor of the service sector. To see why this is so, note that equation (18) is the

sum of equation (16) plus (rm - rs). I.e., if equation (16) equals zero, equation (18) predicts a

change of the employment share of the service sector equal to (rm - rs.) which is assumed to

be positive according to the productivity-bias hypothesis. Without assuming a constant output

structure, the question that arises is whether the sign and the size of the term (£„-£„ , ) in

both equations (16) and (18) is compatible with demand bias, productivity bias, and stylized

facts. For given (qs - ;;,„) > 0 and (rm - rs) > 0, the quantity structure (equation (16)) cannot

remain constant if (ess -ems)> 0; the employment structure (equation (18)) may change in

favor of the manufacturing sector or remain constant, if (eM-em !) < - 1 . Having recourse to

demand theory helps to clarify this issue.



Rational behavior of consumers requires that every demand system must satisfy the general

restrictions

(19) I > ; 7 ) ; = 1 (adding up)
i

(20) £ £tj = 0 (homogeneity)
j

(21) £*j w-t = e*ji Wj (symmetry)

(22) £n < 0 (negativity)

with W; = expenditure shares

£*j = compensated price elasticities.

With two goods, only two of the six demand parameters can be chosen independently, if these

general restrictions hold.7 Por 7)v >/),„, equations (19)-(22) imply that in the case of two

goods ( £ H - £ m ) is negative but not necessarily larger than -1 . This result follows from the

definition of uncompensated price elasticities

(23) £U = £*j-TliWj

which can be used together with the homogeneity condition (20) and the symmetry condition

(21) to get

(24) ea-em, = C f - 1 - ^

In the case of two goods, compensated cross price elasticities cannot be negative due to the

negativity condition (22) and the homogeneity condition (20). Therefore, the first term of

equation (24) is negative, because expenditure shares are always positive; for rfs>r]m, the

second term is negative, too. Hence (£„-£„„) is negative, if the general restrictions of

demand theory hold, but not necessarily larger than - 1 . This result shows that productivity

bias and demand bias alone do not suffice to reproduce the stylized facts of structural change.

The price elasticities have also to be taken into account, i.e. 0 > (£„-£„„) > -1 must hold.8

Theory only predicts the negative sign of (£ss-£ms), not its size which is a purely empirical

question.

For n goods, the number of parameter values that can be chosen independently is given by (n-l)(l/2n+l);
see, e.g., Dcaton, Muellbaucr (1980).
This restriction has been largely ignored in the literature. For a hint, sec Bradford (1969) who points out
lhat the Baumol-modcl (1966) implicitly requires the assumption of a (own-) price inelastic demand for
services to generate a rising employment share of the service sector.



IV. The Implications of Alternative Demand Elasticities

Recent empirical research casts some doubt on the hypothesis that the aggregate demand for

services is income elastic. By contrast, the hypothesis of lagging productivity growth in the

service sector is unchallenged up to now, and the consensus figure for the uncompensated

own-price elasticity of the demand for services is about -0.6 (Inman, 1985b).9 The following

computations demonstrate the impact of alternative income elasticities of the demand for

services on the model's prediction for the stylized facts of structural change, given that the

productivity-bias hypothesis holds and the demand for services is price inelastic. All

computations assume that the expenditure share of services (ws) is 40 per cent; hence the

expenditure share of manufactures (vvm) is 60 per cent.

(a) Income Elastic Demand for Services

This case represents the traditional demand-bias hypothesis. Assume that

(25) 7), = 1.05 and

(26) ess = - 0 . 6 .

From the adding-up condition (19), it follows that

(27) nm = ( i - 7 7 , w j / w m

= 0.97

and using the homogeneity condition (20), it follows from equation (23) that

(28) esn = esm + nswm

= 0 .18 .

I.e., the assumed parameter values for rjs and £ss are consistent with the restriction of demand

theory because they imply a positive compensated cross-price elasticity. For the predictions

of the model with regard to output and employment structures (see equations (16) and (18)),

(fijj-e^.) has to be calculated. The symmetry condition (21) gives

(29) e'n, = e*smwslwm

= 0.12

which can be converted by equation (23) into

For supporting evidence with regard lo the price elasticity based on international cross-section studies, sec,
e.g., Lluch ci al. (1977) and Summers (1985). In the latter, ihe published elasticity of -0.06 obviously is a
priming error.



(30) e m = £ms-Timws

= - 0 . 2 7 .

As a result, 0 > ( £ „ - £ « ) > - 1 . which allows for a reproduction of the stylized facts for the

output structure and employment structure if the positive and the negative term in equation

(16) add up to zero.

(b) Homothetic Demand for Services

With a homothetic demand for services {r\s = 1, see Summers (1985)), the demand for

manufactures is homothetic as well (r\m = 1) if the adding up condition (19) holds. With ess =

-0.6 as before, it follows from the homogeneity condition (20) that

(31) esm = - 0 . 4 .

Similar to the previous case, it can be shown that the compensated cross-price effect is

positive and (£„-£„„) < 0. This parameter constellation is theoretically consistent but does

not reproduce the stylized fact for the output structure (equation (16)): For homothetic

demand, (t)s - r)m) = 0, i.e. the output structure is predicted to change in favor of the

manufacturing sector because in this case, the first term of equation (16) is negative.

Alternatively, a homothetic demand for services as suggested by Summers (1985) may be

interpreted in terms of a Cobb-Douglas utility function. Such a specification, however,

introduces the additional restriction that the uncompensated own-price elasticity equals -1 as

well. As a consequence, the employment structure is predicted to remain unchanged because

then both terms on the right-hand-side of equation (18) equal zero. By contrast, the output

structure (equation (16)) is predicted to change in favor of the manufacturing sector. Hence

Cobb-Douglas preferences are incompatible with the stylized facts, because they imply just

the opposite of the actually observed pattern of structural change.

(c) Income Inelastic Demand for Services

Consider an income elasticity of the demand for services

(32) TJS = 0.65

which is an average taken from Hammes et al. (1989), and

(33) ea = -0.3
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which is the only statistically significant price elasticity of the demand for services estimated

by Hammers et al. (1989). The corresponding compensated price elasticity can be computed

(34) e*a = - 0 .4

and, using the homogeneity condition (20), the compensated cross-price elasticity equals

(35) e'm = 0.4

which is compatible with the general restrictions. These parameter values are not compatible,

however, with a constant output structure. The symmetry condition (21) gives

(36) el. = £>,,/«-„
= 0.03

and the uncompensaled cross-price elasticity is given by

(37) £ms = 4v~»7m>v,
= -0.46

where r\m follows from the adding up condition (19) as

(38) ijm = 1.23.

Hence in this set up, the term (eM - e^.) is positive. As a consequence, the equation for the

employment structure (18) gives an indefinite prediction because the first term is positive and

the second term is negative; the equation for the quantity structure (16) predicts a change in

favor of the manufacturing sector, in contrast to the observed stylized fact. The latter result

can be derived as follows.

Insert the right-hand-side of equation (24) into equation (16) and rearrange terms to arrive at

( 3 9 )
 d

+ ^k
The underlying assumptions imply that



rm,r, > 0

rm~r, > 0

C > 0
w, > 0

Vs-Vm < 0 .

Therefore, the second term in equation (39) is positive, all other terms are negative. Since the

second term is smaller than the fourth

(40) rmws{rjs-rim) < rm{ns-rjm)

the right-hand-side of equation (39) is negative, indicating a rise of the output share of the

manufacturing sector.

V. Income Elasticities and Stylized Facts: Conclusion

Together with the productivity-bias hypothesis,, an income elastic demand for services is

regarded as a major determinant of the uniform pattern of structural change observed in the

world economy. Recent empirical evidence casts same doubt on the validity of the demand-

bias hypothesis. The implications of these findings for an explanation of the stylized facts for

the output structure and the employment structure have been discussed in detail in the

previous section. This discussion can be summarized with the help of simple diagrams which

show the impact of alternative income elasticities (representing alternative consumer

preferences) on the output structure.

The basic setting of each diagram is the same. The output of the manufacturing sector (Qm) is

given on the vertical axis, the output of the service sector (Qs) is given on the horizontal axis.

The transformation curve (77") is linear and identical to the price line because there is only

one input factor (labor). The indifference curve (/') represents consumer preferences.

The initial equilibrium in A is determined by the indifference curve / ' tangential to the

transformation curve 77". Hence in A the marginal rate of substitution equals the marginal

rate of transformation equals the price ratio. With relatively faster productivity growth in the

manufacturing sector, the relative price of services increases (see equation (13)). I.e., the

slope of the transformation curve (price line) increases and this new transformation curve is

given by TT". The new equilibrium is realized in B, where a higher indifference cure / " is

tangential to TT". Alternative consumer preferences give rise to alternative expansion paths

OR which must satisfy the condition that the slope at the intersection of the expansion path

and the indifference curve is the same for all indifference curves. The impact of alternative

consumer preferences on the sectoral output shares is given by a comparison of the ratio
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Qm I QD m t n e equilibrium points A and B. I.e., the quantity structure does not change if

both A and B lie on the same ray OZ through the origin.

Figure 1 shows how an income elastic demand for services may influence the output

structure. With rising income, the new equilibrium in B may or may not exhibit the same

output share of services. Put differently, an income elastic demand for services and lagging

productivity growth in the service sector are capable of reproducing a constant output

structure, yet there is no mechanism in the system which guarantees such an outcome.

Figure 1 - Income Elastic Demand for Services

Figures 2 and 3 represent cases which are supported by recent empirical studies. The

implication of a homothetic demand for services (Figure 2) is that the output structure cannot

remain constant. The new equilibrium in B must lie above the OR (OZ) line, i.e. with rising

income and homothetic preferences, the manufacturing sector will gain output shares. The

same picture emerges for an income inelastic demand for services, with a potentially even

larger shift in favor of the manufacturing sector (Figure 3). Such a result is not supported by

the empirical evidence for the output structure, however.



BibSrofhok
Figure 2 - Homothetic Demand for Services O 0 5 IHSf i tufs fOr VVeii'/y

Figure 3 - Income Inelastic Demand for Services



Summing up, the discussion of this model outlined in section I[ has shown that demand bias

and productivity bias provide a potential explanation for the observed stylized facts of

structural change with respect to relative prices, employment shares, and output shares. Yet

both hypotheses together do not guarantee such an outcome. The subsequent analysis has

shown that a successful explanation of the stylized facts depends on the actual size of certain

parameter values including price elasticities which have been overlooked in most of the

literature so far. Furthermore, for the model economy to be compatible with the stylized facts,

the income elasticity of the demand for services is required to be larger than 1, contrary to

recent empirical evidence. This evidence is based on different data and estimation methods

and, therefore, it is not plausible to argue that it is completely misleading. Hence it obviously

is the model of structural change that has to be changed to give a proper account of the

stylized facts.

One possible extension of the model could be to include socio-demographic factors such as,

e.g., changing age structures of the population due to declining birth rates, declining

household sizes, and increasing female labor force participation, which all can be expected to

have a positive impact on aggregate demand for services. The link between these factors and

the rising share of service sector employment derives from the fact that the increase in female

labor force participation is concentrated on the service sector. I.e. more women entering the

labor market may not only mean relative employment gains of the service sector, but also a

higher aggregate demand for services because of the implied necessary substitution of non-

market services produced within the household. This effect could probably counter-balance

the counterfactual shift of the output structure in favor of manufactures predicted by the

model presented in this paper, without disregarding the empirical evidence on demand

elasticities.

The open question is whether socio-demographic factors are exogenous or are themselves

influenced by changes in relative prices and income, as suggested by the literature on the

economics of population.10 If so, the model outlined in this paper would have to be extended

substantially, but no other exogenous variables than preferences (demand elasticities) and

technology (sectorally different rates of productivity growth) would be necessary to drive

such a model. Going through the literature on both structural change and the economics of

population, it becomes apparent that in the former, socio-demographic factors are considered

to be exogenous (see, e.g., Fuchs (1968)) whereas in the latter, rising employment shares of

Fora survey, sec, e.g., Schullz (1981).
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the service sector are assumed to be exogenous (see, e.g., Winegarden (1984), Schultz

(1985)). Therefore, a synthesis of these rather diverse strands of the literature may help to

explain structural change in the world economy by endogenizing a number of socio-

demographic factors.
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