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Demand Bias as an Explanation for Structural Change

by
Erich Gundlach

Abstract

An ingome clastic demand for services is usually regarded as one of the mujor explanmions
for the observed pattern of structural change in the world economy. Recent empirical findings
¢ast some doubt on this demand-bias hypothesis. This paper presents a simple model of
structural change that allows an assessment of the implications of ahersative demand
elasticities. The analysis focusses on restrictions for the se1 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 Kuzneis (1966) and others' 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 Stues, about two thirds of the workforce were
employed in the service sector? in the early 1990s, up from roughly one third at the wrn of
the century.

Other stylized facts of structurak change that go hand in hand with a leng-run rise of income,
are an increase in the relative price of services, and more or less invariant real ouiput shares
-of services. Hence more advanced economies can be expected 1o employ a larger fraction of
the workforce in the service sector, and 10 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 lierature, these empirical regularilies? are sometimes
referred to as "Pewy's Law” (Clark, 1951) or the "cost disease of stagnant services™ {Baumaol,
1991). ’

Intuitively, income elastic demand for services {demand bias) and lagging productivity
growlh in the service seclor (productivily bias) may give a reasonable explanation for the
stylized facts of siructural change, Yel up o now there have been only very few auempis
check the consistency of the demand-bias and the productivity-bias hypotheses within a
theoretical modek economy. Baumol (1966) suggested a two-goods-one-factor model, with a
focus on the supply side. Models with two fuctors and two goods known from international
wrade theory and sdopted for the present context, uswally either abandon the demand bins?
(Wollf, 1985) or the productivity bias (Sichert, 1977) 10 guarantee a model solution Hence
the Baumol-model, extended by an explicit demand specification as suggested by Lnman
{19850}, sull represents a uselul framework 1 assess the plavsibility and the interaction of the
demand-bias and productivily-bias hypotheses as explunanions for the siylized facis of
structural change.

For an overview, see Llaman (1955}

TServices” delined as: wholesale and retail wade; finance, insurance real cstale; other services: public
administraion. The figures are saken rom Fuchs (198 £) and U.S. Deparurem of Commerce (1992).

Fur imeminismal comparisons, sec, c.g., Cladk (1951, 1979), Kuaners (19660), Kravis e al. (§982), Henger
(1983), van Gewmen (19873, Gundlach (1%93).

For an cxeepuion, see Bergsurand (1991),

For models with two fucters and two goods which (ocus on the demand side but do not’ provide a solution
for secsoral employment shaces, see Cheetham ¢ al, (1974) and Skotka {1977). For a similar model with
increasing retums 1o scale, see Locay {1990),



The basic motivation for & reconsideration of this approach is twofold. First, it can be shown
that some restrictions derived from demand theory effectively constrain the ser 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 lilerature so far.
Second, the consensus figure for the income elasticity of demand for services seems 1o be
about 1,05 (Inman, 1985b) but empirical evidence in favor of such an estimaie has been
chai]enged by recent studies: In an international cross-section analysis, Summers (1985} finds
an income elasticity which is not different from I; Haunmes ¢t al. (1989) find an income
inelostic 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

Jfor an explunation of structural change, ie. whether these preferences give rise to a
theoretically consistent set of purameter values which is compnible with a reproduction of the
stylized facts. Section Il outlings a two-goods-one-factor model of suuctural change. Section
Il presents the model's predictions with regard to relative prices, output shares, and
employment shares as a funciion of supply and demand parumeters. Section [V uses
alternative parameter estimates from the ernpirical literature 1o check the model's ability 10
reproduce the stylized facts. The concluding seciion surmmarizes the main arguments in a
diagrammatic way.

II. A Simple Model of Structural Change

Consider a model that attempts 1o explain shifis in the sectoral allocation of output and Yabor
within a closed system, call it the world economy. Within this world economy, aggregate
supply (QS ) ¢quals aggregate demand [QD ] at time £ ; '

m @& = o

Assume that the model economy consists of the two sectors manufuctures {m) and services
(1), each of them completely specialized either in the production of manufactures (Q_.,,) or
services {(2,). The only input factor, labor (L), and technology are given: the growth rute of
labor prodectivity (#) in the manufacturing sector is higher thar in the service sector
{r. > r,). Hence the two production functions read

@ g, = al, e

@ Q] = bL,e”

where @ and b are constants,



The two demand functions are given by
(4) le = ¢ pm‘. pg‘, y{ L i

6) Q0 = cplpiytiL,

with D : prices
y - income per worker
£ : price elasticities
1 : income elasticities
¢, d : CONStants

where the demand-bias hypothesis postulates that

norlie >,

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:

203,
oL,

©6) y, = P, = APy €™

For simplicity, set p,, =1 and get

7y ¥y = ae™
as the wage equation and

@ dyfds "
Yi
as the perceniage rate of change of income per worker over time. Finally, the budget

constraint of the model economy is given by

@  wb, = p.Cm + p, 0

This set-up differs from previous approaches in iwo ways. First, | delete the restriction that
output shares do net change with rising incomes, and second, [ use a more flexible demand
specification which allows to account for cross-price effects. Theeefore, this model is less
restrictive with respect 10 the cutput structure and ai the same lime makes possible 1o
consirain the set of consisteny parameter values by having recourse 10 the general rsirictions
of demand theory,



M1, The Stylized Facts of Structural Change in the Model Economy$

The model's prcdictions for the siylized facts of structural change can be derived as follows,
With perfect competition, prices equat marginal cost in equilibrium. Tn a one-luctor model,
marginal cost (mc) is defined by the ratio of income per worker to physical marginal product

¥
10 * = —_— =
an - m, Q. IdL,, Prm
- ¥
tH E ————— =
an me 30,./aL, Ps

Differensiating the production functions (2) and (3) with respect 10 labor, and solving for
prices gives the solution for refative prices as

y a erml

2) Pl ps =
yher

d -
= 2 -
b

and the percentage rate of change of relmive prices over lime'is given by

diplp,)ide

(13)
P! B

m~ 'y

Given that the productivity-bias hypothesis holds (#,, > r.), equation (13) confims 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 imermediate products and no investmeny
goods. Therefore, the struclure of production equals the structure of consumption:

s D
(14) Q_; = Q_i:' = &
Qo On O
Using the demand equations {4) and (5), the wage equavion (7), and the equation for relative

prices (12), it can be shown that (for p, =1) the solution for the owtput structure is
determined by

9,
On

d p,l6s = o) 7= 70)

3

s o [n = 7 Xew = Eme )+ 1l = 1))

& In the following scclions, time subscripts are deleted for convenicnce.



(‘s"fms)
withf - E(E) a(’?;"’ln}
c\b

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

dlQ0.l1dr
16) —— o =
ae - —5 7o, (

l'm—r_,)(é'“—é'm )+ "m(ﬂs- nm)

To get a resulr for the employment strociure of the model ¢conomy, the production functions
(2) and {3) can be solved for L. Again using the wage equation (7), the equation for relative
prices (12}, and tbe demand equations {(4) and {5), it ¢can be shown that (for p=1) the
employment seruciire s decemined by

L adfa leen) V=) tnen) fa-nk
a7 I— E[Ee ] [ae J] €

([ T N

1l

8¢

['En = Emg )
ad (g) g7

withg = o\ D

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

d(L /L i
(18) (—Y;T—)’i{_i = (rm"r.r)(.l+€s:_'emv)+rm[ns_ﬂm)

L,/L,
In contrast 10 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 (n,>1,,)
and productivity bias (r,, > ;) bold, equations {16) and (18) allow for rising, conswant, or
declining shares, depending on the acwal outcome of the price elasticities.

If the quantity siructure is assumed 10 remain constant, however, the employmeny structure
nust change in favor of the service sector. To sce why this is so, note that equation (E8) is the
sum of equation (16) plus (r,, - rx), f.e., if equation (16) equals zero, equation (18) predicts a
chunge of the employment share of the service sector equal so {r,, — 7} which is assumed to
be positive according 10 the productivity-bias hypothesis. Without asswning a constant output
structure, the question that arises is whether the sign and 1he size of the term (g,~¢,.) in
both equations (16) and (18) is compatible with demand bias, productivity bias, and stylized
facts. For given (1, = 1,,) > ¢ and (r,, ~ r,) > 0, the quantity structure (equasion (16)) cannot
remain constant if (eﬂ—em_‘.bﬂ; the employment structure (equation (E8)) may change in
favor of the manufacturing secior or remain constant, if (e,.rem} < -}, Having recourse to
demand theory belps 10 clarify this issue.



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

restrictions

as Ywn = 1 {adding up)

(200 Ye; =0 (homogeneity)
J

21 s;j w, = e},- w; {symmetry)

(22) £ < 0 {negativity)

with  w; =expenditure shares

& = compenasated price elasticities.
With two goods, only two of the six demand parameters can be chosen independenily, if these
general resmictions hold.? For 3, > 1, cuations (193-(22) imply that in the case of two
goads (€5 —£,,.) is negative but not necessarily larger than -1, This result follows from the
definition of uncompensated price elaslicities

which can be used togesher with the homogeneity condition (20) and the symmerry condition
(21) o get

(24)  Eu— by = e;u[— w‘-"-”'~J-'fvs(nrnr,,,)

wS
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 expenditre shares are always positive; for , >, the
" second term is negative, 100. Hence {g,€,,) 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 1o reproduce the stylized facts of structural change.
The price elasticitics have also 1o be taken into account, i.e. 0 > {£,~£,) > -1 must hold.3
Theory only predicts the negative sign of (£,,-€,,.), not its size which is a purely empirical
question.

For n goods, the number of parameter values that can be choscn independemly is given by (r-1H1/2r+1);
see, o.g., Deaton, Muelbaver {19800,

% This restriction has been largely ignored in the liwerare. For a hing, sce Bradford {1969) who points out
that the Baumol-model {1966) implicitly requires the assumption of a (own-) price inclastic demand for
services (o generale a rising employment share of the service scolor,



¥¥. The Implications of Allernative Demand Elaslicities

Recent empitical research casts some doubt on the hypothesis that the aggregate demand for
services is income elastic. By conirast, the hypothesis of lagging productivity growth in the
service sector is unchallenged up to now, und the consensus figure for the uncompensated
own-price elasticity of the demand for services is about -0.6 (Inman, 1985b).° The following
computations demonsirate the impact of alternative income elasticities of the demand for
services on the model's prediction for the siylized Facts of siructural change, given that the
productivity-bias hypothesis holds and the demand for services is price inelastic. Al
computations assume thac the expenditure share of services (w,) is 40 per cent; hence the
expenditure share of manufactures (w,,} is 60 per cent.

{1} Iicome Elastic Demand for Services

This case represents the traditional demand-bias hypothesis. Assume that
(25) n, = 105 and

(26} &, = -06.
From the adding-up condition (19), it follows that

{27) Mn = (1 =Wy }"( W
0.97

It

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

»

(28) Eyn = Egp TN W,

0.18 .

Le., the assumed parameter values for 73, and g, are consistent with the restriction of demand
theory because they imply a posilive compensaied cross-price elasticity. For the predictions
of the model with regard to output and employment structures (see equations (16) and (18)),
(£,~£m; ) has to be calculated. The symmeisy condition (21) gives

*

(29)  £n = Lo wi/ W,
= 012

which can be convered by equation (23) into

? For supporting evidence with regard to the price elasticily based on inemational cross-section studics, see,
e.g., Livch cu ob. (Y977 and Summers {1985). Tn the Taner, the published elasiciy of -0.06 obviously is a
printing crror,



*
Eps = T Ws

3n ¢

T

-0.27.

As o result, 0 > (€,~€,,) > -1, which allows for a reproduction of the stylized lacts for the
output structure and employment siructure if the positive and the negative term in cquation
(16) add up to zero.

{b) Homothetic Demand for Services

With a homothetic demand for services (1, = 1, see Summers (1985)), the demand for
manufactures is homothetic as well (0, = 1) if the adding up condition (19) holds. With £, =
-{1.6 as before, it follows from the homogeneity condition (20} that

(31 &, = -04.

Stmilar 1o the previous case, it can be shown that the compensated cross-price effect is
positive and (eﬁ—em) < (. This parameter constellation is theoetically consisient but does
not reproduce the stylized fact for the output structure {equation (16}): For homothetic
demand, (1, - 1) = (, i.e. the output swucture is predicted 1o change in fuvor of the
manufacturing sector because in this case, the firse term of equation (16} is negative.,

Alternatively, a homothetic demand for services as suggested by Summers (1985) may be
inerpreted in lesms 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 oulput
structure (equation {16)) is predicied 1o change in favor of the manufaciuring 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

@82) =n, = 065

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

(3% g, = -03



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
as

*

34) g, = -04

and, uging the homogeneity condition {20)), the compensated cross-price elasticity equals

(35) e, = 0.4
which is compatible with the general restrictions, These parameter values are not compatible,
however, with a constant output siructore. The symmetry condition (213 gives

(36) €,

L4
Eom W f W,

0.03

]

and the uncompensated cross-price elasticity is given by

(37)  €ps = Ems— N
-0.46

where 1, follows from the adding up condition (19) as
(38} n, = 123.

Hence in this set up, the term (&, — €,,.} is positive. As a consequence, the equation for the
employment siructure {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 siylized fact. The futter result
can be decived as follows,

Insert the right-hand-side of equation (24) into equation {16) and rearrange terms 1o arrive at

39) %%fﬁ = (rm—r,}s;x[ﬁ—‘{'-:f]
T Wy (0 = 11
+ rwdn—n,)
+ (. -n,)

The underlying assumptions imply that



Pt

hyofp > 0
r,=-r > 0
£, > 0

w, > 0
-1, < 0

Therefore, the second term in equiation (39) is positive, all other serms are regative. Since the
seeond teom is smaller than the fourth

(40} T Wg (ns "'nm) < (’L- —nm)

the nghi-hand-side of equation (39) is regative, 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 elasiuc demand for services is
regarded as a major determinani of the uniform patiern of siructural 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 empioyment struciure have been discussed in derail in the
previous section. This discussion can be summarized witk the help of simple diagrams which
show the impact of altermive income elusticities (representing aliernalive consumer
preferences) on the output struciure.

The basic serting of ¢ach diagram is the same. The outpur of the manufacturing secter (9, ) is
given on the vertical axis, the cutput of the service sector {Q,) is given on the horizonial axis.
The ransformation curve {TT") is lincar and identical w the price line because there is only
oue input factor (labor}. The indifference curve (1”) represents consumer preferences.

The initial equilibrium in A is determined by 1he indifference curve 7 tangenial 10 the
transformation curve 777, Hence in A the marginal rate of substiturion equals the marginal
rate of ransformation equals the price ratio. With relatively faster productivity growth in the
manufacturing sector, the relative price of services increases (see equation (13)). fe., the
slope of the transformation curve {price ling) increases and this new transformation curve is
given by TT”. The new equilibrium is realized in B, where a higher indilterence cure 7 is
tangential to TT”. Alternative consumer preferences give rise 1o alternalive expansion paths
OR which must suisfy the condition that the slope at the insersection of the expansion path
and the indifference curve is the same for all indifference curves. The impact of sernutive
consumer preferences on the sectoral output shares is given by a comparisen of the raio



0,. / Qp in the equilibrium points A and B. Le., the quantity sructure does not change if
both A and B lie on the same ray 0Z through the origin.

Figure 1 shows how an income elastic demand for services may influence the output
structure. With rising income, the new equilibrivm in B may or may not exhibit the sume
output share of services. Put differently, an income elastic demand for services and lugging
preductivity growih in the service sector are capable of reproducing a consiant omput

sinucture, yet there is no mechanism in the systern which guarantees such an cutcome,

Figure 1 - Income Elastic Demand for Services

Figures 2 and 3 represent cases which are supported by recent empirical swdies. The
implication of a homathetic demand for services (Figure 2) is that the output structure cannot
remain constant. The new equilibrium in B must lie above the OR (0Z) line, i.e. with rising
income and homothetic preferences, the manufacturing sector will gain output shares, The
same picture emerges for an income inclastic demand for services, with a potentially even
larger shift in favor of the manufacuring sector (Figure 3). Such a result is not supported by
the empirical evidence for the output structure, however.
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" Figure 3 - Income [nelastic Demand for Services




Surmming up, the discussion of this mode) ouslined in section [[ has shown that demand bias
and produciivity bias provide a potential explanation for the observed stylized facts of
structural change with respect 1o relative prices, employment shares, and output shares. Yer
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 elasiicity of the demand for services is required to be larger than 1, contrary to
recent empiricat evidence. This evidence is based on different data and estimation methods
and, therefore, it is not plausible 1o argue that it is completely misleading. Hence it obviously
is the model of structural change that has 10 be changed to give a proper account of the
stylized facts.

One possible extension ol the model could be 0 inclode socig-demagraphic factors such as,
e, changing age structures of the population due to declining bisth rates, declining
household sizes, and increasing female labor force panicipation, which all can be expected 10
have a positive impact on aggregate demand for services, The link beiween these factors and
the rising share of service sector employment derives from the fact that the increase in female
labor force participation is conceatrated on the service sector. l.e. more women entering the
labor marker may not only mean relative employment gains of the service sector, but also a
higher uggregate 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, withom disregarding the empirical evidence on demand
elasticities.

The open quesiion 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.'” If so, the model outlingd in this paper would have to be extended
substantially, but no other exogenous variables than preferences (demand elasticities) and
technoiogy (sectorally different rates of productivity grow{ﬁ) 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, socie-demographic facrors are considered
10 be exogenous (see, e.2., Fuchs (1968)) whereas in the lauer, rising employment shares of

1% Fora survey, sce, e.g., Schultz (1981).



the service sector are assumed to be exogenous (see, e.g., Winegarden (1984), Schuliz
- (1985)). Therefore, a synihesis of these rather diverse strands of the literature may help ©
explain siructural change in the world economy by endogenizing » number of socio-
demographic factors.
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