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A theory of endogenous growth is based on an investment possibility function, 
relating the growth rate of output to the ratio of gross investment to output 
and the growth rate of employment as formulated originally by M.F. Scott. 
Consumers maximize an intertemporal utility function and producers maximize 
the value of the firm. The long-run rate of growth depends on consumer 
preferences, the exogenous growth of labor supply and the tax rate on output. 
The functional distribution of income is determined along with the investment 
ratio in the steady state. Labor market imperfections and real wage inertia 
induce transition processes, which are relevant for medium term growth. 

1. Introduction 

Dissatisfaction with neoclassical growth theory of the sixties has led 
to a revival of  the theory of  economic growth. Neoclassical theory de- 
veloped by Solow (1956) and Swan (1956) builds upon diminishing 
marginal products. If one factor can be accumulated and the other fac- 
tor is exogenous, economic growth in the long run depends entirely 
on exogenous factors, for instance the growth rate of labor supply and 
the growth rate in labor efficiency (technological change). The new 
growth theory (endogenous growth theory as it is often called) intro- 
duces different devices to overcome diminishing returns with respect 

* We are indebted to Olivier Blanchard, Casper van Ewijk, Frederick van 
der Ploeg, Anton van Schaik, Maurice Scott, Jacques Smulders, and two 
anonymous referees for their valuable comments on an earlier version. Of 
course, the usual disclaimer applies. 
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to the reproducible factor. There are now a number of useful surveys 
that compare different approaches taken (e.g., Romer, 1993; Barro and 
Sala-i-Martin, 1990; Sala-i-Martin, 1990; Van de Klundert and Smul- 
ders, 1992). 

Endogenous growth theories take a more realistic view of the pro- 
duction process in the economy by allowing non-decreasing returns 
with respect to reproducible factors. Whereas in neoclassical theory 
physical capital is the only reproducible factor, new growth theory 
takes a broader view by including human capital (explicitly or implic- 
itly) as a reproducible factor of production (e.g., Lucas, 1988; King 
and Rebelo, 1990). Assuming non-decreasing returns with respect to 
accumulated factors of production the long-run growth rates depend 
on intertemporal preferences for consumption. Countries with identical 
structures will grow at the same rate, but there is no convergence to 
a unique level of output as there is in the neoclassical theory. These 
results of endogenous growth theory seem to be more in line with 
empirical observations, although this claim is not undisputed (see for 
instance Mankiw et al., 1992). 

There are a number of interesting extensions of new growth the- 
ory. Research and development activities may be directed at innovating 
new intermediate products, which may be used in turn to increase pro- 
duction of final goods. Diminishing returns with respect to different 
types of capital goods in the final goods producing sector are then 
counterbalanced by adding new types to the set of inputs (e.g., Romer, 
1990). Other specifications of the R&D process give similar results 
(e.g., Grossman and Helpman, 1991). What these models have in com- 
mon is that they define production activities, schooling, and R&D in 
terms of levels. 

Here we take a different route by emphasizing change as a phe- 
nomenon of primary concern. Production at a point in time is a sin- 
gular event, determined by past history. What matters more is that the 
world is in a constant flux, because people change things by investing 
in many different ways. Following Scott (1989) we assume that invest- 
ment always implies change and never mere reduplication of existing 
processes. Economic evolution and learning are two sides of the same 
coin. On a microeconomic level there may be merit in modelling spe- 
cific activities like R&D, institutional learning, etc. in some detail. On 
a macroeconomic level it may suffice to assume a relation between the 
investment ratio and the growth rates of output and employment. Such a 
relation, which will be introduced more formally in the next section, is 
reminiscent of earlier attempts like Kaldor's technical progress function 
(Kaldor, 1957) or the Kennedy-Samuelson-Weizsacker technological 
possibility frontier (Kennedy, 1964; Samuelson, 1965). However, where 
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Kaldor did not give a viable alternative and Kennedy c. s. addressed a 
partial problem, the model of Scott fits into the new growth theory. 

The approach chosen here implies that there is no place for a tra- 
ditional neoclassical production function. It should be noticed that the 
elimination of the production function has nothing to do with the capi- 
tal debate that dominated the Cambridge-Cambridge discussion of the 
seventies. Nevertheless, the problem of the functional distribution of 
income will be an important issue in the analysis to come. The the- 
ory of endogenous growth developed in this paper puts the distribution 
problem in a dynamic perspective. 

The rest of the paper is organized as follows. In Sect. 2, we dis- 
cuss the Investment Possibility Function (IPF), which is introduced as a 
primitive by Scott (1989). To make the IPF more accessible a compar- 
ison is made with the learning model of Romer (1986). In Sect. 3, the 
full model of economic growth is derived by assuming that consumers 
maximize an intertemporal utility function and that producers maxi- 
mize the present value of the firm. Price and wage flexibility assures 
that markets clear. The determinants of steady state growth are exam- 
ined in Sect. 4 by working out the comparative statics of the model. In 
Sect. 5, it is assumed that the labor market does not clear immediately 
but adjusts over time according to some well-known theories of labor 
market inertia. Under this assumption the model exhibits transitional 
dynamics, which can be illustrated by numerical examples as the model 
proves to be saddlepoint stable. Conclusions and suggestions for further 
research are presented in Sect. 6. 

2. The Investment Possibility Function 

In the new growth theory of Scott (1989, 1991) emphasis is put on 
learning as the driving force of accumulation and growth. It may there- 
fore be instructive to compare Scott's theory with the endogenous 
growth model of Romer (1986). In the latter study learning is con- 
ceived as an externality on the firm level and the stock of knowledge 
is related to the aggregate capital stock. The production function for an 
individual firm can then be written as 

y = ak~176 ~ , (2.1) 

where y, k, and l denote output, capital, and labor input of the firm, 
respectively, and K stands for the aggregate capital stock. The Cobb- 
Douglas specification is chosen for convenience. Endogenous growth 
obtains for oe + fi _ 1. Concentrating on the case where ot and fl add 
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up to unity and aggregating over firms yields 

Y = a K L  1-c~ . (2.2) 

Capital letters denote aggregate values. Logarithmic differentiation of 
Eq. (2.2) with respect to time results in the growth equation 

g = g k + ( 1 - o t ) g t ,  (2.3) 

where g, gk, and gt denote the growth rate of output, the growth rate 
of capital, and the growth rate of labor input, respectively. Ignoring 
depreciation and denoting the ratio of (gross) investment to output by a 
and the capital-output ratio by K, Eq. (2.3) can be rewritten as 

o" 
g = -- + (1 - ot )g t  . (2.4) 

K 

For a constant investment ratio and a fixed growth rate of labor, Eq. 
(2.4) implies an accelerating growth of output as can easily be de- 
duced. This unappealing result comes from the static substitution pro- 
cess underlying Eqs. (2.1) and (2.2). An increase in labor supply can 
be absorbed by adopting a relatively more labor-intensive production 
technique. As a result production increases and the capital-output ratio 
declines. A given level of savings or investments then translates into a 
higher growth rate of capital. The growth rate of output increases by 
the same percentage as there are no diminishing returns with respect 
to capital accumulation. If substitution is not so simple because costs 
of adjustment have to be incurred these costs have to be substracted 
from total investment outlays. A change towards a more labor-intensive 
production technique then induces a smaller increase in the growth rate 
of capital than without adjustment costs. Moreover, costs of adjustment 
point towards an intertemporal trade-off. Firms will smooth changes in 
factor inputs over time in order to minimize costs. 

In the growth theory of Scott there is no sharp distinction between 
substitution in a static sense and dynamic movements related to changes 
in factor costs. The theory is formulated in rates of change to emphasize 
that expansion is based on learning, and doing things differently. As 
a consequence there is no need in this theory of economic growth 
to identify the stock of capital as a separate production factor. The 
possibilities for accumulation and growth are given by the fundamental 
growth equation 

g = F ( a ,  g l ) ,  F1 > 0 ,  F 2 > 0 ,  Fll < 0 ,  F 2 2 < 0 ,  (2.5) 
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where subscripts on F denote partial derivatives with respect to the ar- 
guments of the function. Profit maximizing firms will decide how much 
to invest and how to change labor input of their ongoing production 
activities by forming expectations of future interest rates and future la- 
bor costs. The fundamental growth equation shows how - -  given these 
expectations of remunerations - -  qualitative improvements which feed 
on learning can be realized. Substitution is conceived as a process in- 
volving time and qualitative change. For instance, if firms expect real 
wages to rise excessively they opt for investment projects that are rel- 
atively labor-saving even if this implies a lower growth of output for a 
given value of a.  By assumption there is no constant term in Eq. (2.5) 
so that the growth rate of output is explained by the investment ratio 
and the growth rate of labor. Comparing Eqs. (2.4) and (2.5) it may be 
concluded that Scott generalizes Romer's ideas on endogenous growth. 

a A ~ IPC(al) 

u I O" < 0 "  

I I 

I I 

/ I gnl gn2 gl 

Fig. 1 

Although this is not strictly necessary for his theory, Scott speci- 
fies Eq. (2.5) differently. First, the opportunities for accumulation and 
growth are formulated in terms of dynamic output and input coeffi- 
cients g/~r and gz/a. Second, diminishing returns with respect to the 
investment ratio o- are introduced by means of a shift factor q, which 
depends upon o-. Combining both ideas yields the Investment Possibil- 
ity Function (IPF) 

g =f (ga- -~a) ) ,  f > 0 ,  f " < 0 ,  q ' > 0 ,  q " > 0  (2.6) a q ( a )  

The IPF can be shown graphically by drawing contour curves relating 
the dynamic output and input coefficients g/a and gl/a (see Fig. 1). 
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The contour curves for a given value of a are called Investment Pro- 
gramme Contours (IPCs). A higher a corresponds with a lower IPC 
in Fig. 1, because there are diminishing returns to investment. The IPC 
shifts downward along the radius q, but the precise form of the shift 
depends on the specification of the function f.1 In the remaining part 
of the paper we will use Eq. (2.6) instead of the more simple version of 
the theory represented by Eq. (2.5) in order to stay close to the original 
version of Scott 's theory. 

3. The  Model  

3 .1  F i r m  B e h a v i o r  

Finns have perfect foresight with respect to the time paths of real wages 
(w) and real interest rates (r). Given these time paths they maximize 
the value of the finn over an infinite horizon. The output market is fully 
competitive and finns are identical. The price of  output is taken as the 
n u m ~ r a i r e  of the system. Finns are not rationed in the labor market. 
To account for the effect of taxation on economic growth we consider 
a tax on output at rate r with the proceeds rebated lump sum. Omitting 
time subscripts the cash flow in real terms is: (1 - r ) y  - l w  - a y .  The 
finn's decision problem can therefore be formulated as 

/0 E f0 ' max V =  { ( 1 - r ) y - l w - a y } e x p ( -  r ( s ) d s )  d t  (3.1) 
{g,gt,a} 

subject to Eq. (2.6) and the definitions 

= g y ,  (3.2) 

[ = g l l ,  (3.3) 

fo = g w W  , (3.4) 

1 Scott (1989) works with several specifications of the IPF. In his empirical 
work he uses a parabolic function which has the required properties over the 
relevant range (see our Appendix 2). In the theoretical part of his work he 
introduces an "ideal" function: (~q-~ - a)(oq~a) aq(o-)gl b) = c, where a, 
b, and c are positive constants. The IPCs of this function have a horizontal 
asymptote g-~ = a q ( c Q  for ~ -+ c~ and a positively sloped asymptote 
g gl _ b q ( a )  for ~ --+ - ~  and - - ~  -+ -or  Only the lower branch 
a a ~q(~r)  

of the hyperbola is considered relevant. 



Endogenous Growth and Income Distribution 59 

where gw denotes the exogenously given rate of change of real wages. 
The Hamiltonian for the present maximization problem is 

{ g  [gt 1 
7-[ = (1 - r ) y  - lw - cry + ~ - q(a) f q(0-) 

+ q)lgY + q)2(gw + gl)lw . 

---1}+ (3.5) 

The letter ~ denotes a Lagrangean multiplier associated with the invest- 
ment possibility function (2.6), while q)l and q)2 are costate variables 
associated with the state variables output, y, and labor costs, 17.o. 2 

The first order conditions are obtained by differentiating 7-[ with 
respect to the three instrument variables 0-, g and gl: 

On 
Oct 

O~ 

Og 

OT-t 

Ogl 

{ g g q'(cr) (gl gl q'(0-) ,} 
= - Y - ~  ~5 + - -  + q - ~ ) f  = 0  (3.6) 

o- q(~r) 0 -2 O" 

-= - q- qgly = 0 ,  ( 3 . 7 )  
0- 

- -  - -  + q ) 2 l w  = 0 . ( 3 . 8 )  
o -  

Eliminating the Lagrangean multiplier ~ results in the conditions 

f '  - -  ~02'~. , ( 3 . 9 )  

( ~  - f ' ) (  1 - X)  ~ol ( 3 . 1 0 )  

where )~ --= lw /y  denotes the share of labor in income and X =- 
-(0-q'(~r))/q(0-) denotes the positively defined elasticity of the radius 
with respect to the investment ratio. As can easily be shown g > g l f  I 
and ~01 > 0. The elasticity of  the radius should therefore be smaller 

2 Strictly speaking, the relevant state variables are l and w instead of 
their product lw. However, in case l and w are chosen as state variables the 
corresponding costate variables are not constant in the steady state. With lw 
as state variable, ~P2 is constant in the steady state as can easily be checked. 
Whereas both approaches lead, of course, to the same result we prefer the 
latter one for ease of exposition. 



60 T. van de Klundert and L. Meijdam: 

than one (X < 1). Moreover, as ~01 > 0 Eq. (3.9) implies q)2 < 0. The 
rates of change of  the costate variables are obtained in the usual way as 

~bl = (r - g)~ol - (1 - v - a )  , (3.11) 

i 
~b2 = [r - (gl + gw)l~P2 + 1 = (r - g - ~)~o2 + 1 . (3.12) 

The interpretation of the costate variables is somewhat difficult, al- 
though the expressions for q)l and g)2 are intuitively appealing. The 
costate variable ~01 shows the present attractiveness of investment in 
terms of marginal revenue versus consumption foregone, whereas q)2 
signals the development of labor cost over time. Taking account of 
these interpretations it may be said that condition (3.9) determines the 
investment strategy of the firm. Relatively high labor costs in the future 
induce firms to select investment programs with a relatively high pro- 
portional marginal product of labor (f l) .  Firms then opt for a relatively 
labor-saving investment strategy. The scale of the investment program 
is governed by condition (3.10). A high value of q)l makes investment 
of given type ( f t  fixed) more attractive. But a high value of q)l induces 
firms also to accept relatively more labor-using investment projects as 
appears from Eq. (3.9). 

3.2 Household  Behavior  

The representative household (i) maximizes an additive separable in- 
tertemporal utility function. Instantaneous utility depends on the level of 
consumption (ci). Labor supply is exogenous. Labor demand may fall 
short of labor supply. Households are assumed to have perfect foresight 
with respect to their labor income as well as with respect to the interest 
rate. Assuming a constant elasticity of intertemporal substitution 1/fl  
the household's decision problem can be written as 

[-1-#-c]-~ e x p ( - v t ) ]  U =f30_ k{=------~"] dt, f l ~ l ,  m a x  
(ci} 

(3.13) 

subject to an intertemporal budget constraint, which reads in general 
terms 

ai = rai - ci , (3.14) 

where ai denotes household's total wealth and all labor income is fully 
diversifiable. Human and non-human wealth are aggregated for conve- 
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nience. The first-order conditions for this maximization problem boil 
down to 

Ci r - -  v 
- - -  ( 3 . 1 5 )  

ci fi 

The rate of growth of aggregate consumption (c) equals the sum of the 
rate of growth of per capita consumption and the exogenous rate of 
growth of the number of households: b /c  = c i / c i  + gn. Substitution of 
this relation in (3.15) yields 

r b l) 
- -  - -  + g n  �9 ( 3 . 1 6 )  

c 

3.3 Marke t  Clearing 

We assume that the output market is always in equilibrium. Ignoring 
the public sector the equilibrium condition in the output market is c = 
(1 - ~r)y. Taking account of this relation Eq. (3.16) can be rewritten as 

6- 1 2 - - r  

1 - ~ r  fi 
+ (g - gn) .  (3.17) 

Given a time path of the wage rate implied by the evolution of )~, Eqs. 
(2.6) and (3.9)-(3.12) can be used to eliminate 6- and derive an equation 
for the market clearing interest rate r at each point in time. 

The time path of )~ is determined in the labor market. For the time 
being we assume this market to clear instantaneously. In that case we 
may write 

gl = gn , (3.18) 

where gn is the growth rate of labor supply. This completes the model. 
It may be useful to count equations and endogenous variables. The com- 
plete model comprises Eqs. (2.6), (3.9)-(3.12), (3.17), and (3.18), and 
solves for the variables g, gl, ~r,  )~, r q92, and r. Notice that the model 
only determines growth rates. The levels of output and employment 
follow from the definition equations (3.2) and (3.3) and predetermined 
values for Y0 and l0 at an arbitrary starting point. This reflects the notion 
that accumulation and growth start from values inherited from the past. 
In the neoclassical growth theory the initial stock of capital, k0, deter- 
mines the start position. In the present model, where the stock of capital 
remains in the background, the past is reflected in Y0- There is never- 
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theless an important difference. In the neoclassical model the long-run 
value of the capital stock is uniquely determined. In the Scott model 
there is hysteresis in terms of the level of output. Given the levels of 
output and employment, and thus of labor productivity y / l ,  a solution 
for the real wage rate w follows from the definition )v = l w / y .  Labor 
market equilibrium implies 10 = l~, where l~ denotes exogenous labor 
supply in the initial situation. Equation (3.18) then assures that the time 
path of real wages implied by )~ clears the labor market at each point 
in time. However, the level of real wages depends on the initial value 
of output, Y0. 

The state variables q)l and g)2 are non-predetermined. In case of a 
continuously clearing labor market, )~ is also a non-predetermined vari- 
able and there is no transitional dynamics. Consequently, the economy 
jumps to a steady state in case it is hit by a disturbance. In Sect. 5, 
it is assumed that the labor market does not clear immediately but ad- 
justs over time. In that case, )~ is predetermined and the model exhibits 
transitional dynamics. Moreover, depending upon the way wage adjust- 
ment is modelled there may be hysteresis with respect to the level of 
employment as well. 

4. Economic Growth and Income Distribution in the Steady State 

A steady state solution is obtained for q~l = ~b2 = 6 = ~ ~--- 0. Substi- 
tution of these conditions in Eqs. (3.11), (3.12), and (3.17) yields after 
some manipulation the following results for a situation of balanced 
growth 

) f [ ~  to')1 ] g = crq(cr 7 .  , 
q 

(4.1) 

r = v + f l ( g  -- gn) , (4.2) 

o r  = (1 - r - or)(1 -- x ) ( g  -- f ' g n )  + c e g ,  (4.3) 

= (1 - v - ~r)f '  . (4.4) 

Equations (4.1)-(4.4) can be used to solve for the steady-state (balanced 
growth) values of g, or, )~, and r. A closed-form solution for the steady 
state of the model is intractable. Instead, the comparative statics of the 
system are studied by linearizing the model in the neighborhood of a 
steady-state solution. 
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As shown in Appendix 1 the following steady state multipliers apply 

dg dg dg 
- - > 0 ,  - - < 0 ,  - - < 0 ,  
dgn dv dr 

da da da 
- - > 0 ,  - -  < 0 ,  - -  < 0 .  
dgn dv dr 

(4.5) 

An increase in the rate of growth of labor supply raises the growth rate 
of output and the investment ratio. Firms face lower future labor costs 
so that it pays to invest more and expand output faster. If diminishing 
returns are not too severe labor productivity rises also: dg/dgn  > 1. 3 
A lower rate of time preference corresponds with a higher rate of growth 
of output and a higher savings ratio. In this case firms are confronted 
with lower future capital costs, which stimulates investment and growth. 
A rise in the tax rate on output leads to a decline in the savings ratio 
and the rate of growth, because the rate of return on investment is 
lowered by the rise in the tax rate. 

The results with respect to preferences and taxation correspond with 
the main findings of new growth theory (e.g., Romer, 1986; Lucas, 
1988; King and Rebelo, 1990). The conclusion relating to a change 
in population growth (gn) cannot be compared so easily as the results 
obtained in the new growth theory are not all of the same tenor. In Lucas 
(1988) a rise in g~ increases labor productivity, whereas in some other 
studies population growth induces an accelerating growth of output 
(e.g., Romer, 1990; Grossman and Helpman, 1991). 

It remains to be seen what effects these determinants of economic 
growth have on the functional distribution of income. Total differenti- 
ation of Eq. (4.4) leads to 

d)~ = _ f / d r  - (1 - r - a ) - -  dgn + 
gn 

+ f { 1 - - X (  l _ r _ a ) ~ f _ l } d a  . 
(4.6) 

Assuming relatively flat sloping IPCs the following inequality holds 

O- 

Ef < (1 -- X)(1 -- r -- o-) (4.7) 

3 In the absence of diminishing returns to investment (X -- O) labor pro- 
dg cr(g-- f t  gn)(fl+ f t )+(1-~-a)  f t  g~f 

ductivity increases as dg. - -  ~r(g-ffgn)fl+(1-r-cr)ftgn~f > l. 
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Equation (4.6) in combination with the inequalities in (4.5) gives 4 

dX dX 
- -  > 0 ,  - -  < 0 .  ( 4 . 8 )  
dv dgn 

To explain these results it is desirable to look first at the dynamic 
substitution process involved by a movement along the IPC. Suppose 
the growth of labor supply (gn) rises. For a given rate of investment 
(a = Crl) the optimum moves to the right as shown in Fig. 1 by the 
movement from point A to point B. An increase in the supply of labor 
induces a downward pressure on real wages. As a result, it becomes 
profitable for firms to invest in relatively more labor-using projects, 
which generate additional employment to match the increase in labor 
supply. The dynamic substitution process yields a fall in the share of 
output accruing to labor as follows from the second term on the RHS 
of Eq. (4.6). This result holds for a concave IPC with Ef > 0. It may 
therefore be concluded that with a concave IPC substitution is diffi- 
cult in the sense that an additional expansion of labor supply leads to 
a reduction in the share of labor. This corresponds to the case of an 
elasticity of substitution smaller than one in the neoclassical model. 
The opposite case of easy substitution, implying an elasticity of sub- 
stitution between labor and capital greater than one in the neoclassical 
model, would require a convex IPC in the Scott model (EI < 0). This 
possibility seems less likely from an intuitive point of view. 

Now consider a change of the investment ratio. For instance, a rise 
in a from al to a2 induces a redistribution effect and a substitution 
effect. The redistribution effect comes from a rise in growth costs as 
appears from Eq. (4.4). A higher cr leads to a fall in )~ for a given 
value of f '  = Og/Ogl. Growth costs have to be incurred by the non- 
reproducible factor labor. However, f~ may change under impact of 
the substitution effect. A rise in cr generates an upward pressure on the 
demand for labor, which leads to an excessive increase in real wages. 
As a consequence, firms will opt for relatively more labor-saving in- 
vestment projects so that the labor market will be in equilibrium again. 
Because substitution is difficult, as explained above, the movement to- 
wards more labor-saving investment induces an increase in X. ff  the 
substitution effect is not too strong, i.e., condition (4.7) holds, the re- 
distribution effect dominates and the share of labor in income declines 

4 Such empirical evidence as is available suggests that ef is indeed very 
small (Scott, 1989, Chaps. 10 and 11). In Appendix 2 we present numerical 
values for ef based on a careful calibration of the model. 
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under impact of a rise in the investment ratio. The redistribution effect 
and the substitution effect in terms of the dynamic output and input 
coefficients g/a  and gl/q are illustrated in Fig. 2. The initial situa- 
tion is given by point A. The new equilibrium for 0-2 > 0-1 is given 
by point C. The redistribution effect corresponds with an iso-elastic 
movement from point A on IPC(0-1) to point B on IPC(0-2), while the 
substitution effect corresponds with a movement along the IPC(a2) 
from point B to point C. 

g 
a- ~ i - ~  IPC(a I ) 

I I 

i 

i 

I I 
I i 

g, 
a2 ~1 a 

Fig. 2 

It is now straightforward to explain the results presented in (4.8). 
An increase in the rate of time preference (v) leads to higher savings 
and investments in proportion to output. In turn, a rise in 0- induces 
a fall in the labor share )v, provided that inequality (4.7) holds. An 
increase in population growth gn has a direct as well as an indirect 
effect. The direct effect is negative as shown by the second term on the 
RHS of Eq. (4.6). This substitution process has already been discussed. 
The indirect effect comes from an increase in a as shown in (4.5). This 
indirect effect is also negative, provided that condition (4.7) holds. 

In case of a rise in the tax rate there is again a direct and an 
indirect effect, but these effects are now opposite in sign as follows from 
Eq. (4.6) and the inequalities in (4.5). The direct effect on ), is negative. 
A rise in r increases growth costs, which fall on the non-reproducible 
factor labor. However, there is also an indirect effect because cr is 
reduced by an increase in r ,  as shown in (4.5). The fall in 0- has a 
positive effect on )v, as will be clear by now. In Appendix 1 it is shown 
that for reasonable parameter values the direct effect dominates the 
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indirect effect, which gives 

d)~ 
- -  < 0 .  (4.9) 
dr 

The results obtained with respect to )~ are reminiscent of the Kaldor- 
Pasinetti theory of income distribution (Kaldor, 1956; Pasinetti, 1962), 
but there are important differences. In the Kaldor-Pasinetti theory dif- 
ferential savings rates out of wages and capital income play an essen- 
tial role. Moreover, in this theory the investment ratio, which must be 
matched by the savings ratio, is determined by exogenous growth fac- 
tors. In the present theory there are no differential savings ratios and 
the rate of investment is endogenous. 

5. Labor Market  Adjustment  and Growth Dynamics  

The assumption that the labor market clears because wages are fully 
flexible is standard in the theory of economic growth. It may never- 
theless be instructive to analyze the consequences of labor market in- 
ertia for medium term growth. Apart from being of interest in its own 
right (see, e.g., Stern, 1991) it enriches the present model with transi- 
tional dynamics. 5 Labor market inertia may be modelled in a number 
of ways, but here we will only consider two canonical forms. First, a 
standard Phillips curve mechanism will be introduced by assuming that 
the share of labor ()~) adjusts as long as there is unemployment. Sec- 
ond, in bargaining situations the so-called wage curve becomes relevant 
(e.g., Blanchflower and Oswald, 1989). Changes in the state variable 
;~ are thereby related to changes in unemployment. Approximating the 
latter variable by (gl - gn) we comprise these theories in the following 
differential equation for )~: 

2 
- -  = - - O l U  -~- ~2(gl - -  g n )  , (5.1) 

where u = ( l  s - l ) / l  s denotes unemployment as a percentage of labor 
supply ( l S ) .  The dynamics of the model are now governed by the differ- 
ential equations (3.2), (3.3), (3.11), (3.12), and (5.1). With this system 

5 As we still assume the goods market to clear and abstract from the 
possibility of labor shortage, the real wage follows a path along the borderline 
between the regime of Keynesian unemployment and classical unemployment 
(see Malinvaud, 1977). 



Endogenous Growth and Income Distribution 67 

correspond five state variables, two of which are non-predetermined 
(viz., ~ol and ~o2) and the other three are predetermined (viz.,)~, y, and 
l or u). Equation (5.1) gives rise to the following canonical forms: 

1. 01 > 0; 02 = 0. The labor market adjusts fully in time according to 
a standard Phillips curve mechanism. If there is unemployment real 
wage growth falls behind the rise in labor productivity and firms 
will invest in relatively more labor-using projects. Besides the two 
positive roots associated with the costate variables ~1 and q92 the 
model should now have two negative roots, so that it is saddlepoint 
stable. The negative roots are associated with the predetermined 
state variables )~ and l (or u). In the long run the labor market 
clears (~ = 0 implies u = 0). Notice that there is an additional 
root which is equal to zero reflecting that the level of output is 
path-dependent. 

2. 02 > 0; 01 ---- 0. This case relates to the bargaining model, where 
labor unions and employers organisations negotiate over the real 
wage rate. Real wages deviate from the path set by the rise in 
labor productivity under impact of changes in unemployment. Sad- 
dlepoint stability is now ensured by two positive and one negative 
root, associated with the predetermined variable ~.. In addition there 
are two zero roots, associated with y and l (or u). As is well-known 
hysteresis phenomena pertain to models of the type considered here 
(e.g., Layard et al., 1991). 

To analyze the dynamics of the system we consider an increase 
in the tax rate r. A closed-form solution of the time paths of the 
endogenous variables is intractable. The dynamic implications of a tax 
rise under the two forms of labor inertia will therefore be illustrated by 
numerical simulations. The specifications of the functions applied, the 
values of the parameters chosen, and the initial steady-state solutions 
are given in Appendix 2. As appears from the roots presented there the 
model is saddlepath stable in both cases considered. 

The effects of a tax rate increase in a Phillips curve model are 
presented in Fig. 3. The time paths of the selected variables measure 
deviations (in percentage points) from an initial steady state. Initial 
unemployment is zero. 

On impact the rate of growth of output and employment and the 
investment ratio decline substantially. The sharp increase in the tax rate 
affects the profitability of investment. As firms invest less the rate of 
growth declines. As a consequence of labor market inertia the share of 
income accruing to labor remains at its initial level and employment de- 
clines pari passu with output. With the passage of time unemployment 
builds up and the labor share adjusts downward. As the model is stable 
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In the long run the rate of growth output and the investment ratio are 
lower, as they should be in a theory of endogenous growth. However, 
the fall in g is moderate, because firms are in a position to shift the 
burden of taxation to labor. The share of labor falls substantially, which 
restores the profitability of investment to a large extent. 

The results of a same tax rate increase in case of a bargaining model 
are shown in Fig. 4. The long-run results are exactly the same except 
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Fig. 4: A tax increase in the bargaining model 
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for the rate of unemployment (u), which now increases. On impact 
the changes are qualitatively similar, because what matters is again a 
decline in the profitability of investment. The process of adjustment is 
smooth as wages and thus the labor share react to changes in unemploy- 
ment rather than to the level of unemployment. To attain a new steady 
state it is not necessary for the rate of unemployment to be zero. As a 
consequence, it takes less time to approach the new long-run equilib- 
rium solution. Finns shift a substantial part of the tax burden to labor, 
so that the growth rate of output does not change much. As unions 
resist a deterioration of their income position, unemployment must rise 
to reconcile competing claims between employers and employees. 

Both examples show that the theory works well in a dynamic set- 
ting. The model is saddlepath stable (see Appendix 2). Perfect foresight 
of firms and households implies that the stable arm of the saddlepoint 
will be chosen in the process of adjustment towards a new steady state. 
However, unlike in the neoclassical model, here the level of output is 
path-dependent. A disturbance which would have no long-run impact 
on growth and investment ratios would leave its mark on y. The em- 
pirical relevance of a zero root in output remains a point of discussion, 
but our numerical exercises suggest that the quantitative implications 
may be of minor importance. 

6. Conclusions 

The sharp distinction between factor substitution and technological 
change in neoclassical theory has been criticized frequently. As an al- 
ternative one could work with a technological progress function which 
eliminates the distinction between movements along the production 
function and shifts of the production function. This idea, which goes 
back to Kaldor (1957), has recently been worked out in some detail by 
Scott (1989). 

In the theory of Scott existing production facilities are considered 
an inheritance from the past. To produce more or differently firms 
have to invest in plant, sales promotion, organizational capabilities, 
etc. Investment induces learning, so that accumulation sets the stage 
for future improvements in production and distribution. Moreover, it 
may be realistic to assume that firms have a choice with respect to 
the labor-saving bias of different projects. If they expect real wages to 
rise rapidly a relatively labor-saving strategy will be optimal compared 
with a situation of moderate wage increases. These ideas are captured 
by a so-called Investment Possibility Function (IPF), which relates the 
growth rate of output to the share of output invested and the growth 
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rate of labor input. A theory based on an IPF explains economic growth 
along with the functional distribution of income. The results obtained 
correspond globally with those of the new growth theory or endogenous 
growth theory. The long-run growth rate in the economy depends on 
intertemporal preferences of households and the growth rate of labor 
supply. Distortionary taxation will have a negative impact on growth in 
the long run. Assuming that the labor market clears instantaneously the 
economy has no transitional dynamics. The model exhibits hysteresis 
as the level of output depends upon initial values. 

The analysis of the process of economic growth can be extended 
by considering different forms of labor market imperfection and real 
wage inertia, which may give rise to transitional dynamics in the Scott 
model. Economic growth in the medium run can deviate substantially 
from its long-run course if the economy is hit by shocks and the labor 
market clears with a delay (as in the Phillips curve model) or works 
imperfectly (as in the bargaining model). In the paper we analyze the 
dynamic consequences of an increase in the tax rate on output, but 
similar stories can be told for other disturbances of a steady state. 

The Scott model addresses familiar questions in the new growth 
theory in a somewhat unfashionable way. The question may then be 
raised whether the advantages of the analysis are sufficient to warrant 
the effort required to master this theory. In our opinion the answer is 
affirmative. By formulating the theory in rates of change one avoids the 
unappealing result of an accelerating growth rate in case of increasing 
labor input as in Romer (1986), and Grossman and Helpman (1991). 
Moreover, the present analysis shows how substitution and technologi- 
cal change are interrelated in a dynamic setting. As a result, the theory 
of economic growth and the theory of income distribution have to be 
studied simultaneously. 

The theory of Scott also holds interesting promises for further re- 
search. Further empirical testing of the theory should thereby be given 
high priority. On a theoretical level a more satisfactory behavioral the- 
ory of the firm is desirable. The assumption of profit maximization 
under perfect foresight is too extreme. Building blocks for a more sat- 
isfactory approach which fit well in Scott's view of economic growth 
can be found in Chandler (1990) and Teece (1992). 

Appendix 1 
Comparative Statics 

Substitution of Eq. (5.3) in Eq. (5.4) and combining the result with Eq. 
(5.2) gives two equations in two endogenous variables, viz., g and or. 
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Differentiation of the subsystem and applying matrix notation results in 

[ q b + ( 1 - - / 3 ) o -  ( 1 - x ) f ' g n ( 1 - - ~ ) + x g - r + E  dg 

a - ( 1 - x ) ( g - f ' g ~ )  ] ' [ d  ~  

= [qbf'(1--,f)0.f, --/30. 0-0 - - ( 1 - x ) ( g o  - fUn)] '[~J'[ 'dgnq 

where by way of short-hand notation we have qb ---- (1 --X)(1 - ~: --0.), 
E = - ( 1  -- r -- 0.)(g - f 'gn)(1  + X -- eq)(X/0.), Ef = - f " g n / f ' 0 . q ,  
and Eq ~ -q"0. /q ' .  The E's are positively defined elasticities, which 
are a measure of  the curvature of  respectively the IPC and the function 
q = q(0.). Notice that we did not differentiate with respect to t5 to 
simplify the analysis. The solution of this system can be written as 

1i 11  131[ d n] 
do- = S T21 T22 T23 _1 dv , 

dT 

where 

A ---- 

Tll 

T12 

T13 =-- 

T21 ~-- 

T22 = 

T23= 

(1 - X){fla(g - f gn) + cDf'gnEf} + 

X ~ ( g _ f , g n )  > 0 ,  + { l + X - e q } l - x  

(1 -- X)d~f'gEf + (g -- f 'g , , ){(1 -- X)/30. + (X qb + 0 . ) f  + 

+ ~ f '  1 X (1 -I- X -- 6q)} + x0.gn(f ')  2 > 0 , 
- X  

--(1 - x)(g -- f '  gn)a < 0 ,  

--(1 -- X)2(g -- f gn) 2 < 0 , 

crftdPEf +/3(1 -- f ' ) o  "2 + fro-2 > 0 , 

- ,72 < 0 ,  

-o-(1 - x)(g - f '  gn) < 0 .  

The signs of the expressions above are derived by assuming X < 1 
and f l  < 1. The latter assumption is discussed in Scott (1989, p. 164). 
It implies that the proportionate marginal product dg/dgl (for a given 
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o-) is always smaller than one. Pure labor-saving activities lead to a 
decline in output that is less than proportionate, which seems a reason- 
able assumption. In addition, Eq should be small as may be assumed. 
A sufficient but overly strong condition is 6q < 1 + X. 

This completes the derivation of the effects of parameter changes 
on g and o-. The effects on k are dealt with in the main text. However, 
the influence of the tax rate (r) on the distribution of income ()0 needs 
some further elaboration. Substitution of drr/dr in Eq. (5.7) gives 

dk 

dr 
_ f 1 ( 1 z X ) [ { ( f l - - 1 ) ~ r  + 

+ ( 1 -  r -  ~ ) [ ( 1 -  X)e f + ( 1  + X - - ~ q )  l @ x ] } [ g - - f ~ g n ] +  

+ (1 -- r -- ~)(1 - x ) f ' ~ f g n ]  �9 

Sufficient conditions for the multiplier to be negative are (1 - r - a )  > 0 
and fi > 1. That is, the direct effect dominates the indirect effect 
provided that the elasticity of intertemporal substitution (1/fi) is not 
too high, which is a reasonable assumption from an empirical point of 
view. 

Appendix 2 
Simulations 

Numerical simulation requires specification of functional forms, which 
determine the investment possibilities and a choice of parameter values 
for the functions applied. To put things in a proper perspective we draw 
on the empirical work of Scott (1989). 

Equation (2.8) is specified as 

2 O ~  

g = acrq + bgl -- c 61 , with 
a q  

q = q 0 [  1 - 2 e - •  so that 
yo -  J 

-cr  q'  ?' a 
X - - l - - 1  

q e• ~ - 1 

The parameter values applied are 
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Firms: 

Households:  

Labor  market:  

Government :  

a = 0.1085, b = 0.955, c = 0.4, V = 6.0, 

v = 0.03, 13 = 1.5 ; 

gn = 0.01, O1 = O, 0.25, 02 = O, 1.5 ; 

r = 0 , 0 . 1 .  

q0 = 2.0 ; 

Numerical  results for the endogenous  variables are obtained by solving 
a two-point  boundary-value  problem. The algori thm used is a multiple- 
shooting routine described in Ascher  et al. (1988). 

Steady state solution for  r = 0 

g = 0.03795, gt = 0.01, o- = 0.25978 

)~ = 0.68441, gw = 0.02795, r = 0.07193 

~01 = 21.78556, q)2 = - 2 9 . 4 3 1 3 0 ,  X = 0.58464 

Ef = 0.03287, Eq = 0.89261, f~ = 0.9246 

Real parts non-zero eigenvalues 

1. Phillips curve model  (01 = 0.25, 02 = 0) 
0.1553, 0.044495, - 0 . 0 5 8 3 7 ,  - 0 . 0 5 8 3 7  

2. Bargaining model  (01 = 0, 02 = 1.5) 
0.15113, 0.042277,  - 0 . 1 1 0 3 6  
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