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ABSTRACT: This paper develops a model of the relationship between public sector employ-
ment, total output and aggregate real demand in market prices, where public employment has a
positive productivity effect on private output. Public employment crowds out private employ-
ment and output because its increase induces higher wages and taxes. The valuation of govern-
ment output is also taken into account. While public employment affects total output and aggre-
gate real demand in an a priori ambiguous way, numerical simulations suggest that the relation-
ship may be nonlinear; positive, when public sector is “small” and negative when it is “large”.
Using the annual data from 22 OECD countries over the period 1960–1996 and estimating and
testing for threshold models and more commonly used specifications with multiplicative inter-
action terms give support to this nonlinearity hypothesis between public employment and pri-
vate sector output.
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TIIVISTELMÄ: Tässä tutkimuksessa rakennetaan malli, joka käsittelee julkisen sektorin työl-
lisyyden ja kokonaistuotannon välistä riippuvuutta. Kokonaistuotantoa tarkastellaan sekä kan-
santalouden tilinpidon mukaisena suureena että markkinahinnoin arvioituna. Mallissa julkisen
sektorin työllisyydellä on positiivinen vaikutus yksityisen sektorin tuotantoon samalla kun työl-
lisyyden kasvu syrjäyttää yksityisen sektorin työllisyyttä ja tuotantoa palkka- ja verovaikutusten
kautta. Mallissa huomioidaan myös julkisen sektorin tuotannon arvostuksen kautta tapahtuvat
vaikutukset. Jos kohta julkisen sektorin työllisyys vaikuttaa kokonaistuotantoon eri tavoin eikä
vaikutuksen suuntaa voi selvästi nimetä, numeeriset simuloinnit viittaavat siihen, että riippu-
vuus on epälineaarinen: positiivinen kun julkinen sektori on ”pieni” ja negatiivinen kun julkinen
sektori on ”suuri”. Empiirisissä analyyseissa käytetään tilastotietoja 22 OECD maasta ajanjak-
solta 1960–1996 ja estimoidaan kynnysmalli, jonka puitteissa testataan teoreettisen mallin imp-
likaatioita. Estimointitulokset antavat voimakasta tukea edellä mainitulle ”Laffer-käyrä” -hypo-
teesille epälineaarisesta riippuvuudesta julkisen sektorin työllisyyden ja kokonaistuotannon vä-
lillä. Tulokset tarjoavat myös selityksen niille ristiriitaisille tuloksille, joita on saatu aiemmissa
tutkimuksissa lineaarisilla mallitäsmennyksillä.
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1 Introduction

How does government spending affect total output or output growth? At the theo-
retical level the relationship is a priori ambiguous. On the one hand, one can argue
for a positive relationship (i) due to the direct and/or indirect productivity effects
of government expenditures, particularly public investments (see e.g. Aschauer
(1989), Barro (1990), Grossman and Lucas (1974)). On the other hand, the rela-
tionship may be negative (ii) due to distortionary taxation (see e.g. Barro (1990))
or (iii) due to the crowding out of investment and/or output in the private sector. A
large number of empirical studies have been carried out, but the results are am-
biguous (see e.g. Barro (1989), Landau (1983), Ram (1986) and Singh and Sahni
(1986)) for examples of earlier research and Agell and Lindh and Ohlsson (1997),
Devarajan and Swaroop and Zou (1996) and Karras (1996) for examples of the
recent research).1

Common to empirical research has been the use of standard national accounts
data. For several reasons this may bias towards accepting the null hypothesis that
increased government size will give rise to higher economic growth. First, be-
cause the national accounts data implicitly presumes that government output is
produced with a constant returns to scale technology. Second, the whole govern-
ment output is classified as the final product and, finally, the market value of the
government output is assumed to be equal to the national accounts value of the
government output, evaluated at its cost of production (see Carr (1989)). Some of
those controversial assumptions have been relaxed. The assumption of the linear
technology in government output has been dealt by Baumol (1967). Reich (1986),
in turn, has produced some empirical evidence on the role of government goods as
an intermediate product in private production. Kormendi (1983) has analysed the
valuation problem of government goods by defining the concept of “government
dissipation” as the difference between the resource cost of government output and
the corresponding market value.2

In empirical studies the relationship between government size and output (or
output growth) has been assumed to be linear and thus independent of the relative
size of the public sector. According to the Laffer curve hypothesis the relationship
between tax revenues and tax rates may be negative beyond some point of tax
rates.3 Analogously public sector may affect output in a nonlinear way.

The purpose of the paper is to develop a theoretical model of the relationship
between public sector employment and total output, where public employment has
productivity effects on private output, valuation of government output is taken
into account and where public employment crowds out private employment and
output via wage and tax effects. While the effect of a change in public employ-
ment on total output and aggregate real demand in market prices is a priori am-
biguous, numerical simulations suggest that public employment affects total out-
                                                
1 After reviewing theoretical and empirical evidence on the relation between growth and public

sector Agell et. al (1997) end up by saying “the evidence is found to admit no conclusion”.
There exists an ever larger literature which deals with the reverse causation issue of what ex-
plains the size (and structure) of public sector over time and across countries. See e.g. Lybeck
and Henrekson (1988)).

2 The System of National Accounts data are also used e.g. when testing for the hypothesis that
there is a direct substitution between the public and private consumption. See e.g. Aschauer
(1985).

3 In the context of taxation there is, however, evidence against it see e.g. Fullerton (1982).
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put and total income in market prices in a nonlinear way, positively when public
employment is “low” and negatively when public employment is “high”. Finally,
and importantly, we present some empirical evidence using the data from 22
OECD countries over the period 1960–1996. The estimation and test results from
both threshold models and more commonly used specifications with multiplica-
tive interaction terms lie in conformity with the nonlinearity hypothesis about the
relationship between the size of the public sector and private sector output.

We proceed as follows. A simple theoretical model and numerical simulations
are presented in section 2, while the empirical results are reported in section 3.
Finally, there is a brief concluding section.

2 A model of public sector employment and total
output

This section presents a simple theoretical analysis, which describes the relation-
ship between public sector employment and total output and total income in mar-
ket prices. The model has the following features: First, we account for the possi-
bility that public sector employment affects private production and marginal pro-
ductivity of private labour. Second, we allow for the valuation of government
sector output in the sense that the (unobservable) relative market price depends
inversely on the size of the public sector. Third, and in the spirit of the so-called
equilibrium approach to fiscal policy, we abstract from the financing issues of
government output.4

2.1 A theoretical model

These ideas are captured by the following aggregative model, which determines
the real wage, the price level, the employment, the total output, the tax rate and
the total income in market prices in constant market prices. The model is “classi-
cal” with some additional features (see e.g. Sargent (1987)). It is presented in
equations (2.1)–(2.4).

0))l,(1((ll)l,(l g
s

gg
d =ωτ−ω−+ω (2.1)

0)l,(y)m)),l,(1(y(y g
s

g
d =ω−ωτ− (2.2)

0)l(G)l),l,(l(Fy ggg
d =−ω− (2.3)

)l(zG)m)),l,(1(y(yq gg
d +ωτ−= (2.4)

                                                
4 This is compatible with the so-called equilibrium approach to fiscal policy, according to which

the lump-sum financial policies are – to a first approximation – irrelevant to private sector out-
comes. (see e.g. Seater (1993) for a survey of the issues involved).
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where y denotes the total output, consisting of the private sector production func-
tion F and the public sector production function G, ld and lg the corresponding
labour demands, ls the aggregate labour supply, ω = w/p the real wage, m = M/p
the real money balances, p the price level, τ the endogenous tax rate and z the
(unobservable) relative market price of public sector goods and services. The
equations (2.1)−(2.3) form a simultaneous system, which determines the real
wage, the price level, employment and the total output. The total income in con-
stant market prices q is determined recursively by the equation (2.4). q is the true
(correctly measured) disposable income of the economy.

Private output is produced by private labour. Public employment affects pri-
vate output both directly and via the private labour demand by increasing the
marginal product of private employment. For simplicity, capital input (and thus
also capital depreciation) is disregarded.5

The labour market is cleared via changes in the real wage so as to equalize the
aggregate labour demand to labour supply (see equation (2.1)). Like in models of
unbalanced growth (see Baumol (1967)) we assume that real wages are equal in
the private and public sector. This has no effect on qualitative results provided
that there is some intersectoral rigidity in real wages. Private labour demand de-
pends negatively on the real wage and is also affected by the public employment,
while labour supply is a non-negative function of the net real wage ω(1−τ(.)),
where τ is the tax rate. The price level p is determined by the equality of the pri-
vate demand yd and private supply ys according to the equation (2.2). The private
demand depends positively on disposable income y(1−τ(.)) and real balances m,
while the private supply depends negatively on the real wage ω and positively on
public employment lg.

In what follows variables with primes refer to partial derivatives for functions
with one argument and variables with subscripts refer to partial derivatives for
functions with many arguments. The total income in constant market prices is
determined recursively by the equation (2.4), where we assume that z = z(G) with
z’(.) < 0 so that the higher the government output, the lower its marginal valuation
rate, ceteris paribus. This is just a conventional assumption according to which the
demand for government output is a decreasing function of relative market prices.
The marginal valuation of government output is defined by z’ = z(G) + z’(G)G
> 0, where z is the market value of government output, which is assumed to be
decreasing so that z” = 2z’(G) + z”(G)G < 0.

Finally, the tax rate is endogenous and determined by the public sector re-
source costs

)zGF/(lg +ω=τ (2.5)

where the tax rate depends on the real wage and the public sector labour demand
so that τ = τ(ω,lg). It is quite likely that τ1 > 0 and τ2 > 0, where τ1 = Μτ/Μω and
τ2 = Μτ /Μlg. These assumptions are used in analyzing the comparative statics
properties of the model. Equation (2.5) is, however, used in the subsequent nu-
merical simulations.

                                                
5 The effect of government capital stock is studied e.g. in Aschauer (1989)).
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To see what are the effects of public employment on the real wage, price
level, and total output we first form the differential of the system (2.1)−(2.3) in
terms of endogenous variables and public employment. This gives
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where 0 > m/pye- = d
2ω∆  denotes the determinant of the coefficient matrix of

(2.6) and where we have utilized the fact that F(ld(ω,lg)lg) = ys(ω,lg).
Comparative statics is a priori ambiguous reflecting various offsetting forces.

According to (2.9) a rise in public employment increases public production
(G' > 0) and raises private supply of goods so that public employment increases
the marginal productivity of private labour 0) > y( s

2 . But a rise in public employ-
ment increases labour demand and the tax rate and the latter decreases the labour
supply. For both of these reasons the real wage tends to rise so that private de-
mand for labour and private production will at least partially be crowded out via
the “real wage effect” (the last term in (2.7)). One might conjecture that the first
(last) effect dominates for “small” (“large”) values of public employment. Finally,
it is worthwhile to point out that the total output effects do not depend on what
happens to the price level (described in (2.8)), which is a standard feature of
“classical” models.

As mentioned earlier, the total income in constant market prices is determined
recursively by the equation (2.4). Now the price level and valuation effects are
additional factors. The total income effect can be decomposed as follows
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and it is ambiguous a priori. The first three terms describe the positive output ef-
fect and the negative tax effects caused by increased government employment and
higher (government) wages, respectively. The effect of a change in the price level
is not clear. A rise in the price level tends to decrease the tax rate and to increase
disposable income on the one hand, but a fall in real balances has the opposite
effect. Finally, government employment has a positive effect on the (market)
value of government output.

Although the equilibrium relationship between total output and public sector
employment is a priori ambiguous, one can conjecture as follows: When the share
of public employment from the total employment is “small”, the positive marginal
productivity and valuation effects dominate the negative crowding out effects due
to the response of taxes and real wages for changes in public employment, and the
other way round when the share is “large”. Thus there might be a nonlinear Laffer
curve -type relationship between the public sector employment and total output.

2.2 Numerical simulations

In order to shed further light on the potential relationship between public em-
ployment and aggregate real demand on the one hand and public employment and
total output on the other hand, we present a simple parametrized model and solve
it numerically. The model takes the following form

211
g

1
gp llly αα−α +⋅= (2.11)

3))1((ll gp
ατ−ω=+ (2.12)

11

p

g
1 l

l
α−











α=ω (2.13)

)m(zl)1(yq 76g4
2 α−α++τ−α= α (2.14)

5
glz α= (2.15)

where
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ω
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Equation (2.11) defines the total output, (2.12) and (2.13) denote labour market
clearing and the inverse demand for labour, respectively, (2.14) is the definition of
aggregate real demand in constant market prices and (2.15) parametrizes the
valuation of output. The price level is determined by equalizing (2.15) to the first
(private) part of the total output.

The following values of parameters were taken as the basic case. (1) the pa-
rameters in the Cobb-Douglas production function: α1 = 2/3, α2 = .5, (2) the net
wage elasticity of labour supply α3 = .3, (3) parameters in the total income (in
constant market prices) definition: α4 = .9, α5 = !.4, α6 = .1, α7 = 1 (the last pa-
rameter is a scaling parameter). Finally, the money supply m equals 1. The out-
come of this simulation in terms of y and q is reported in Figures 1 and 2, where
the horizontal axes describe the share of public sector employment and the verti-
cal axes the total output (1) and aggregate real demand (2) in Figures 1 and 2 re-
spectively.6

Figure 1. Laffer curves between total output and
public employment

Basic solution Exogeneous labor supply

Constant z (α5 = 0) α1 = 3/4, α3 = 4

                                                
6 The results for ω, τ and p are available from the authors upon request.
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Figure 2. Laffer curves between total income in constant
market prices and public employment

Basic solution Exogeneous labor supply

Constant z (α5 = 0) α1 = 3/4, α3 = 4

Numerical simulations produce a nonlinear Laffer curve-type relationship be-
tween public employment and total output on the one hand and public employ-
ment and total income in market prices on the other hand. The relationship turned
out to be rather robust for various changes in parameters. In particular, this was
true for parameters α4, α7 and α8. Changes in other parameters changed the
maximum values of y and q, but left the shape of the curve practically unchanged.
It is important to point out that the computed values do not directly correspond to
actual data because the economy which is analyzed in here is a static and closed
economy without investment, capital depreciation, exports and imports so that
simulated critical values of the public sector size are about 30–40 % too large
(compared with the national accounts numbers). Even so, one could achieve such
(critical) values of y and q that are well in accordance with the subsequent empiri-
cal analyses (in particular, using sufficiently low values of 1−α1 and α2).

In order to check the robustness of results, some further experiments were
carried out. First, we assumed that the net wage elasticity of labour supply is zero.
Not surprisingly, this implied that the maximum values of y and q were obtained
at lower values of public employment. Second, we assumed that the relative
valuation rate of government output, z, is constant. This implied that the maxi-
mum values were obtained at higher values of public employment than in the ba-
sic case. Finally, we modified the output elasticity parameter α1 by setting it to the
value 3/4. This had the effect of turning the Laffer curves down at the lower value
of public employment than in the basic case. The value of α1 parameter is instru-
mental in determining the critical value of the size of public sector. This can be
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seen from the following set of simulated values for the government size (meas-
ured in terms of Lg/L) which produce the maximum output in terms of y and q.
The values have been computed for the case of exogenous labour supply.

α1 y q
0.67
0.80
0.90
0.95
1.00

0.56
0.44
0.33
0.26
0.18

0.34
0.27
0.20
0.16
0.11

Clearly, if public sector employment affects private sector production (in addition
to public sector production) in a significant way, the critical size of the public
sector is quite large, and vice versa for “small” values of α1 (so far these numbers
can be compared with actual national account numbers).7

After these simulation exercises we turn to look at the econometric evidence
in order to explore further whether the relationship between the public sector size,
output and aggregate real demand is a nonlinear one.

3 Some empirical evidence

It is not possible to evaluate the nonlinearity hypothesis directly due to the lack of
data on aggregate real demand and output in market value prices. There exists
data, however, on private sector output and these data can be used to get some
rough estimate of the sign and magnitude of the effect of a change in public sector
employment when government size varies. Thus we use data on two observable
variables, public sector employment and private sector output, which we denote
by D. The data cover the period 1960−1996 from 22 OECD countries with some
minor exceptions.8

                                                
7 Of course, also the output elasticity of public sector employment, α2 is important, but how

important it is, that depends crucially on the specification of the valuation function z. Still, the
critical value of y may even remain below 0.2 in the case of α2 + α5 > 0 with low values of α2.
The CD production function is a bit problematic in this context because it implies that private
sector output goes to zero when lg goes to zero. If we relaxed this assumption we would obtain
a smaller critical size for the public sector.

8 Private sector output is measured either by “GDP-public consumption” or by “GDP-public
sector production” and public sector employment by the number of employees in the “produ-
cers of government services” sector. Here we report results only for the conventional GDP-
public consumption measure. Results with the other measure of private sector output turned out
to be very similar.
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Table 1. Relationship between public sector employment
and private sector output

Lg/L G/Y G/C Corr β̂ tβ F

Australia 0.158 0.160 0.210 −0.123 0.087 0.93 0.73
Austria 0.182 0.171 0.231 0.071 −0.009 0.03 1.30
Belgium 0.181 0.149 0.189 0.092 0.204 0.96 0.74
Canada 0.204 0.185 0.240 0.008 0.386 1.48 1.84
Denmark 0.272 0.225 0.285 0.035 −0.004 0.02 0.30
Finland 0.182 0.177 0.238 0.285 0.073 0.28 4.16
France 0.213 0.169 0.221 0.201 0.434 1.97 7.90
Germany 0.145 0.179 0.242 0.289 −0.066 0.71 1.56
Greece 0.103 0.113 0.135 0.105 −0.198 0.71 2.91
Iceland 0.162 0.158 0.205 0.155 0.181 0.77 2.40
Ireland 0.159 0.153 0.190 −0.199 0.189 0.76 1.63
Italy 0.158 0.152 0.200 0.432 0.531 1.71 3.34
Japan 0.084 0.089 0.134 0.049 −0.459 1.22 14.36
Netherlands 0.132 0.152 0.204 −0.084 −0.269 0.93 1.70
New Zealand 0.164 0.147 0.190 0.157 −0.112 0.36 0.09
Norway 0.249 0.181 0.262 0.134 0.171 1.08 1.90
Portugal 0.124 0.137 0.168 −0.037 0.009 0.09 1.92
Spain 0.105 0.121 0.156 −0.054 0.073 0.71 10.72
Sweden 0.294 0.243 0.310 0.326 0.031 0.23 3.39
Switzerland 0.127 0.121 0.168 0.428 0.270 0.75 1.43
UK 0.197 0.199 0.241 0.013 −0.022 0.19 2.72
USA 0.158 0.174 0.213 0.312 0.152 0.56 0.81
Mean 0.170 0.162 0.210 0.118 0.075 0.75 3.08

The three first columns correspond to the sample averages of alternative threshold models. Corr
indicates the correlation coefficients between ∆logD and ∆logLg. The three last columns report the
estimation results of the linear model (17). tβ denotes the t-ratio of β. F denotes the F test statistics
for the hypothesis that the coefficients β and γ are identically equal to zero.

We started the empirical analysis by computing the coefficients of correlation
between ∆logD and ∆logLg. As a point of reference for the coefficients, we used
the values of public consumption relative to GDP at the current SNA prices de-
noted by G/Y, the share of public consumption out of total consumption denoted
by G/C and, finally, the share of public sector employment out of total employ-
ment denoted by Lg/L as alternative measures of the size of the public sector. As
one can see from Table 1, the correlation coefficients do not show any systematic
pattern in terms of the size of the public sector. Moreover, with the exception of
Italy and Switzerland the correlation coefficients are not significantly different
from zero.

Next we estimated a simple linear VAR-type model for ∆ logD that allows for
a partial adjustment of the public employment effect on private sector output:

,uDlogLlogDlog t1t1t,gt +∆γ+∆β+α=∆ −− (2.17)

where u refers to the error term. The estimation results from the linear model with
the exception of the coefficient of the lagged dependent term are presented in the
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last three columns of Table 1.9 There are several interesting features of results.
First, there seems to be no clear pattern in the sign of the coefficient of public em-
ployment and it is never significant in the linear model. Second, in most cases
(2.15 out of 2.22) the null hypothesis that the linear model explains nothing can-
not be rejected. In fact, this should not be regarded as surprising but something
one might expect in the light of considerations presented in section 2. The coeffi-
cient estimates might be positive, zero or negative depending on the size of the
public sector, but the linear model cannot capture it.

An obvious way to try to account for the potential nonlinearity between public
sector employment and private sector output is to use the so-called threshold
model (see e.g. Granger and Teräsvirta (1993)).10 Applying threshold specifica-
tion means that the coefficients of the independent variables are allowed to vary
depending on the value of the threshold variable. A simplest way to account for
this kind of switching phenomenon in the context of explaining ∆logD is to fit the
following type of nonlinear specification to the data

)Ŷ/Ĝ(Y/GifeDlogLlogDlog t1t1t,g1t ≤+∆γ+∆β+α=∆ −− (2.18a)

and

)Ŷ/Ĝ(Y/GifeDlogLlogDlog t1t1t,g2tt >+∆γ+∆β+α=∆ −− (2.18b)

where e refers to the error term and )Ŷ/Ĝ(  denotes the threshold value of the size
of the public sector. This specification collapses to the linear one if β1 = β2 .It is
assumed in (2.18a−2.18b) that the coefficient of the lagged dependent term does
not depend on the size of the public sector.11 The threshold value − i.e. the value
which gives the smallest residual variance − is obtained by using a search proce-
dure in which all potential threshold values are scrutinized.12

The estimation results from the threshold specification (2.18a−2.18b) with the
exception of the coefficient of the lagged dependent term are presented in Tables
2−4. In Table 2 we report the values of R2 and the threshold variable for alterna-
tive threshold variables (that is, G/Y, G/C and Lg/L). For the sake of comparison,
we also include the R2 of the linear model. Tables 3 and 4, in turn, include the

                                                
9 The VAR model was also estimated for ∆logD so that the explanatory variables were ∆logD−1,

∆logLg,−1 and ∆logYOECD,−1, where the last variable refers to the OECD GDP (at constant pri-
ces). It was included into the estimating model to control the cross-country spillover effects of
demand and supply shocks. The results were very similar to those reported and are available
upon request. When estimating (2.17) and (2.18) Lg,t−1 was replaced by the corresponding con-
temporaneous value but that did not change the results either.

10 By using the threshold model we can take into account the effects of possible regime shifts.
These effects could also modeled by using multiplicative interaction terms with the public
sector size (see equation (2.19) below). I bit different result would come out if we introduced
an additional quadratic ∆logLg term into (2.17). This term would imply that the employment
effect depends on the size of the change in public sector employment (not on the size of the
public sector). In the empirical analysis, this kind nonlinear “adjustment cost” effect turned out
to be insignificant, however.

11 Our empirical results were in conformity with this assumption.
12 The estimation and test procedures made use of a GAUSS procedure, which is available on

Bruce Hansen’s homepage: http://www.ssc.wisc.edu/
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estimation results of the threshold model using either G/Y or G/C as the threshold
variable. Discriminating between these two variables in terms of explanatory
power turned out to be quite difficult, but as one can see also the difference in
estimation results is very small. Results with Lg/L as the threshold variable were
also very similar but the explanatory power of this specification was clearly lower
(see Table 2 for the comparison of R2s). All threshold model estimates represent
interior solution, which have been obtained without imposing any additional con-
straints. Thus, the observations are distributed in a reasonable way to both re-
gimes.

The following features of results merit attention. First, the threshold model
fits the data much better than the linear model. Both the goodness-of-fit statistic is
higher and the residual variance lower than with linear specification. Only very
few diagnostic problems can be detected. Second, the coefficient estimates of the
public employment are now considerably more precise and in accordance with the
theoretical considerations suggesting that the effect of public sector employment
on private output depends on the size of the public sector. Finally, and impor-
tantly, the coefficient of β1 is except for a couple of cases positive and in all cases
larger than the coefficient β2; which also lies in conformity with considerations
presented in section 2.13 As the public sector gets larger, the effect of public sector
employment on private output gets smaller and even negative. Indeed, β2 is nega-
tive except for Australia, France, Italy and Norway and in these cases the β2 coef-
ficients are never significant. According to the estimation results the threshold
value of the public sector (output) size varies between 10 and 30 per cent in the
sample depending on the threshold variable. As one might expect, the critical size
is highest with the public sector share of total consumption and lowest with the
public sector share of total employment. With all threshold variables, the thresh-
old values are very similar for all countries suggesting that there is indeed some
invariance across countries.

                                                
13 The existence of a threshold is indeed supported by the LM tests (FHO and FHT) reported in

Table 3. But it is very difficult to judge what is the size of the test. The values of these F test
statistics clearly exceed the conventional significance levels from F distribution, but they may
not be relevant here (see Hansen (1996, 1999)). Computing the significance levels by bootstrap
gives completely different values, which are also quite sensitive to heteroscedasticity. Ob-
viously testing problems result partly from relatively small sample sizes. Even so, the tests still
give additional support to the threshold model specification.
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Table 2. Descriptive statistics on the relationship between
public sector employment and private sector
output

R2 Threshold parameter values
linear G/Y G/C Lg/L G/Y G/C Lg/L

Australia 0.044 0.107 0.107 0.098 0.140 0.190 0.133
Austria 0.075 0.345 0.360 0.345 0.153 0.236 0.143
Belgium 0.044 0.267 0.178 0.206 0.164 0.196 0.148
Canada 0.124 0.612 0.250 0.180 0.203 0.262 0.208
Denmark 0.019 0.219 0.290 0.219 0.121 0.299 0.221
Finland 0.206 0.357 0.357 0.357 0.207 0.275 0.207
France 0.353 0.496 0.496 0.496 0.149 0.206 0.186
Germany 0.089 0.292 0.352 0.136 0.198 0.260 0.125
Greece 0.158 0.337 0.335 0.335 0.091 0.112 0.083
Iceland 0.142 0.242 0.252 0.257 0.196 0.226 0.169
Ireland 0.095 0.196 0.177 0.129 0.169 0.219 0.174
Italy 0.173 0.309 0.337 0.279 0.139 0.188 0.122
Japan 0.489 0.598 0.637 0.644 0.081 0.121 0.077
Netherlands 0.129 0.490 0.542 0.412 0.167 0.221 0.138
New Zealand 0.006 0.126 0.126 0.085 0.147 0.192 0.154
Norway 0.148 0.183 0.184 0.177 0.193 0.230 0.220
Portugal 0.107 0.271 0.214 0.214 0.128 0.164 0.105
Spain 0.434 0.505 0.505 0.505 0.096 0.129 0.062
Sweden 0.175 0.313 0.313 0.313 0.218 0.290 0.209
Switzerland 0.246 0.359 0.475 0.359 0.110 0.169 0.108
UK 0.150 0.242 0.240 0.173 0.200 0.239 0.171
USA 0.058 0.197 0.152 0.162 0.176 0.219 0.152
Mean 0.157 0.321 0.313 0.276 0.157 0.211 0.152
Median 0.129 0.292 0.290 0.219 0.153 0.219 0.145
S.D. 0.126 0.142 0.144 0.145 0.040 0.051 0.047

The first four columns report the R2 values of equations (17) and (18). In the case of
equation (18), the values have been computed for different threshold variables.

All in all, estimation results from the linear and threshold specifications gives at
least weak support to the hypothesis according to which the relationship between
public sector employment and output is nonlinear, positive for “small” public
sector and negative for “large” public sector.
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Table 3. Threshold model estimation results.
G/Y as the threshold variable

Country
1β̂ 2β̂

SEE/DW FHO FHT LM

Australia .365 .049 .025 18.9 9.7 2.14
(1.74) (0.51) (2.069) (.051) (.016) (.154)

Austria .580 −.568 .019 20.4 11.52 0.39
(1.71) (1.69) (1.759) (.046) (.003) (.538)

Belgium .690 −.119 .023 36.7 7.5 0.120
(2.34) (0.48) (2.159) (.000) (.119) (.283)

Canada .370 −.751 .027 4.9 4.3 2.86
(1.57) (1.26) (1.714) (.865) (.663) (.104)

Denmark .113 −.700 .024 19.2 7.2 1.63
(0.80) (2.86) (1.833) (.046) (.167) (.212)

Finland .458 −1.144 .032 10.6 3.6 1.25
(1.68) (2.25) (1.648) (.308) (.876) (.274)

France 1.417 .121 .017 12.9 8.7 .002
(3.23) (0.25) (1.961) (.270) (.028) (.966)

Germany −.063 −1.537 .023 14.6 6.3 0.98
(0.80) (3.64) (1.767) (.138) (.283) (.331)

Greece .933 −.354 .031 26.6 11.6 0.16
(1.98) (1.39) (1.734) (.007) (.003) (.696)

Iceland .138 −1.021 .040 5.25 3.8 0.95
(0.61) (1.61) (1.813) (.862) (.830) (.338)

Ireland −.109 −.941 .029 7.1 7.2 0.04
(0.44) (1.89) (1.947) (.697) (.177) (.845)

Italy 1.278 .293 .022 12.7 5.9 0.89
(3.28) (0.99) (1.785) (.221) (.415) (.354)

Japan 1.325 −.880 .024 24.3 6.8 2.74
(2.16) (2.55) (2.366) (.024) (.237) (.108)

Netherlands .156 −1.617 .013 24.6 6.3 0.27
(0.67) (4.37) (1.868) (.040) (.210) (.605)

New Zealand .418 −.697 .037 15.8 6.1 .04
(1.06) (1.69) (2.047) (.129) (.360) (.853)

Norway .448 .159 .019 7.6 7.3 5.05
(1.54) (1.01) (1.642) (.663) (.131) (.033)

Portugal .169 −.153 .032 7.7 3.5 0.28
(1.37) (1.23) (2.076) (.521) (.935) (.603)

Spain .186 −.172 .020 17.6 5.8 0.31
(1.14) (1.57) (2.272) (.096) (.359) (.584)

Sweden .330 −.123 .022 12.8 7.7 3.99
(1.90) (0.88) (1.673) (.222) (.117) (.055)

Switzerland .325 −.904 .022 15.2 5.4 7.51
(1.06) (2.05) (1.407) (.106) (.449) (.010)

UK .628 −.131 .024 7.9 4.6 12.41
(1.74) (1.04) (1.488) (.636) (.681) (.002)

USA .551 −.008 .024 8.8 3.9 10.72
(1.62) (0.03) (1.594) (.491) (.876) (.003)

Numbers inside parentheses below the coefficient estimates are t-ratios. SEE is the standard error
of estimate and DW the Durbin-Watson test statistic (which here suffers from the bias caused by
lagged dependent variable). FHO denotes the LM (F) test for no threshold and FHT the corre-
sponding test for threshold allowing for heteroskedastic errors. Numbers inside parentheses below
the F statistics are bootstrap probability values. Finally, LM denotes a LM test for first-order auto-
correlation of residuals (corresponding marginal significance levels are inside parentheses). When
computing this LM test we have utilised Chan (1993), in which it is shown that the threshold pa-
rameter is superconsistent and can thus be treated as a known parameter.
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Table 4. Threshold model estimation results.
G/C as the threshold variable

Country
1β̂ 2β̂

SEE/DW FHO FHT LM

Australia .365 −.049 .019 20.4 11.52 2.14
(1.74) (1.69) 1.759 (.046) (.003) (.154)

Austria 1.094 −.115 .019 16.6 11.5 2.92
(2.52) (0.37) 2.198 (.088) (.001) (.098)

Belgium .565 −.361 .021 36.0 8.2 0.78
(2.54) (1.37) 2.170 (.008) (.071) (.385)

Canada .278 −2.330 .020 38.4 5.7 2.09
(1.64) (4.57) 1.600 (.004) (.329) (.162)

Denmark .088 −.590 .025 12.36 5.2 2.71
(0.60) (2.36) 1.869 (.231) (.539) (.132)

Finland .458 −1.144 .032 10.9 4.5 1.25
(1.68) (2.25) 1.648 (.265) (.648) (.274)

France 1.417 .121 .017 12.9 9.1 .002
(3.23) (0.25) 1.961 (.260) (.016) (.966)

Germany −.060 −1.633 .024 12.5 5.4 0.77
(0.74) (3.07) 1.799 (.196) (.462) (.388)

Greece .987 −.346 .031 26.6 12.1 0.10
(2.03) (1.36) 1.775 (.020) (.002) (.766)

Iceland .166 −1.001 .040 5.25 3.8 1.04
(0.74) (1.53) 1.813 (.862) (.830) (.317)

Ireland −.041 −.598 .028 10.7 8.0 0.34
(0.16) (1.89) 1.894 (.374) (.072) (.564)

Italy 1.160 .292 .023 16.5 5.6 1.31
(3.02) (0.96) 1.803 (.102) (.476) (.262)

Japan .956 −.815 .025 20.6 5.8 2.15
(1.57) (2.25) 2.285 (.050) (.395) (.154)

Netherlands .478 −.988 .014 21.1 6.0 2.65
(1.62) (3.40) 1.610 (.075) (.255) (.119)

New Zealand .418 −.697 .037 20.5 7.1 0.04
(1.06) (1.69) 2.047 (.037) (.206) (.853)

Norway .169 .064 .019 12.4 7.1 1.37
(1.08) (0.24) 1.759 (.271) (.152) (.252)

Portugal .205 −.187 .031 28.9 9.9 0.66
(1.73) (1.58) 2.144 (.003) (.014) (.424)

Spain .186 −.172 .020 17.6 5.8 0.31
(1.14) (1.57) 2.272 (.102) (.349) (.584)

Sweden .330 −.123 .022 12.8 7.7 3.99
(1.90) (0.88) 1.673 (.204) (.122) (.055)

Switzerland .452 −.359 .024 8.3 5.4 0.85
(1.30) (0.83) 1.835 (.531) (.402) (.364)

UK .638 −.133 .024 7.4 4.6 13.71
(1.76) (1.06) 1.471 (.715) (.696) (.001)

USA .685 .008 .023 9.4 6.3 12.35
(2.00) (0.03) 1.528 (.424) (.304) (.002)

Here, the share of public consumption out of total consumption G/C is the threshold vari-
able. Notation is the same as in Table 3.
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Figure 3. Effect of public sector employment on private sector
output
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In order to alleviate the problem of small sample size with single country models
and increase the efficiency of estimation (by using the SUR estimator) we esti-
mated as a final check the model using pooled panel data from the 22 countries
which are in our data set. In addition to linear and threshold models we also esti-
mated a multiplicative specification which is of the following from:

t1tt1t1t,gt eLgHDlogLlogDlog +∆⋅φ+∆γ+∆β+α=∆ −−− (2.19)

where H denotes the threshold variable (either G/Y, G/C or Lg/L). According to
this specification public employment effect depends on the interaction term
Ht⋅∆Lgt-1 and thus on the size of the government sector. According to our hypothe-
sis φ should be negative. Using this specification we can compute the critical (or,
in a sense “threshold”) value of this variable at which public sector employment
growth has zero effect on private sector output growth. The estimation results are
reported in Table 5.
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Table 5. Estimation results with panel data

β/β1 β2 γ φ SEE/R2 Ĥ
Linear –.020

(0.12)
.294

(8.59)
.028

0.171
–

G/Y
Threshold

.131
(2.64)

–.058
(1.35)

.325
(9.35)

.027
0.185

0.157

G/C
Threshold

.044
(1.65)

–.037
(1.71)

.293
(8.57)

.028
0.175

0.211

Lg/L
Threshold

.072
(2.86)

–.060
(2.82)

.294
(8.68)

.028
0.178

0.152

Eq (19) with
H = G/Y

.404
(5.55)

.281
(8.35)

–2.460
(5.85)

.028
0.186

0.164

Eq (19) with
H = G/C

.299
(3.98)

.292
(8.62)

–1.400
(4.23)

.028
0.178

0.213

Eq (19) with
H = Lg/L

.197
(4.13)

.291
(8.65)

–1.324
(4.55)

.028
0.178

0.149

All estimates are SUR estimates with panel data consisting of 736 data points. All equa-
tions also include country intercepts, which are not reported. The threshold models (col-
umns 2–4) are estimated using the average values of the threshold variable from the sin-
gle country models. With the multiplicative model (the last three set of estimates) the
“threshold values” are derived from the estimates of β and φ.

Clearly the results with panel data lie in conformity with the results from individ-
ual country data which suffer from relatively small sample sizes. With a linear
model there is no relationship between public sector employment and private
sector output while with the threshold model a quite clear relationship is obtained.
We also find a similar relationship using a multiplicative specification (2.19) in
which the public sector employment effect depends on the size of the public sec-
tor. When the size of the public sector increases, the employment effect dimin-
ishes and, after some critical value, becomes negative. The implied critical values
are, in fact, quite close to the average threshold values in the context of threshold
model estimation.14

                                                
14 Recently Karras (1996) has estimated the optimal government size for several sets of

economies by exploring the role of public services in the production process. As the theoretical
framework he takes the analysis by Barro (1990), according to which government services are
optimally provided when their marginal product equals unity (the so-called “Barro rule”). He
finds by using a very large data set of 118 countries over the period 1960 to 1985 that in some
cases government services are over–provided, in some cases under-provided and in many cases
optimally provided. Karras finds that the optimal government size in the Barro sense is 23 per
cent (±2 per cent) for the average country, which number, however, masks important differen-
ces  across regions. Interestingly, this number is not very far away from the value of the
threshold we obtained in our estimations. Our analysis is less ambitious in the sense that we do
not study the welfare issues, but are only interested in the question of whether the relationship
between the share of public sector and output is a non-linear one.
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4 Concluding remarks

This paper has developed a model of the relationship between public sector em-
ployment and total output, where public employment has positive productivity
effects on private output and where public employment crowds out provide em-
ployment and output via wage and tax effects, and where also the valuation of
government output is taken into account. This simple model is used to show that
while the effect of a change in public employment on total output and aggregate
real demand in market prices is a priori ambiguous, numerical simulations suggest
that the relationship may be a nonlinear one; it is positive when public sector is
“small” and negative when it is “large”.

We also present some empirical evidence using data from 22 OECD countries
over the period 1960–1996. The estimation results using both the linear and the
so-called threshold specifications lie in conformity with the nonlinearity hypothe-
sis suggested by numerical simulations. The results from threshold models are, in
turn, consistent with results from specifications that include multiplicative inter-
action terms with the size of the government sector. More specifically, while the
linear model cannot explain anything, the threshold model gives results according
to which the public sector employment effect on private output depends on the
size of the public sector and decreases or even turns into negative when public
sector grows. The results from threshold and multiplicative models may provide
an explanation for the “mixed” results obtained from linear specifications.

Data sources:

GDP Gross Domestic Product at current or constant 1990 prices. Data source:
OECD National Accounts, CD-ROM, OECD, Paris.

G Public consumption or public sector (i.e. producers of government serv-
ices) production, both at current or constant 1990 prices. Data source:
OECD National Accounts, CD-ROM, OECD, Paris.

Lg Public sector employment (thousands of persons). Data source: Employ-
ment in the Public Sector, OECD 1982, Paris; OECD National Accounts,
CD-ROM, OECD, Paris; and some national sources. The data is avail-
able from the authors upon request.

Lp Private sector employment (thousands of persons). Data source: the same
as with lg.
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