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Abstract

This paper incorporates healthcare and creative activities in the Ramsey-

Cass-Koopmans model in order to analyse the endogenous growth e¤ects

arising from governmental policies. An increase in lump-sum taxes and

ine¢ cient expenditures decrease the short, medium and the long-run eco-

nomic growth.
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1 Introduction

By considering microeconomic foundations, the Ramsey-Cass-Koopmans (RCK)

model has made a great impact in the economic growth literature; however, the

long-term economic growth remains unexplained (e.g., Acemoglu 2009, chs. 2,

3 and 8).

In the original RCK model, agents maximize their lifetime utility, dependent

on the consumption level, and their labour supply is assumed to be constant.

These assumptions are restrictive; for example, the number of hours worked by

each individual is not constant through time and leisure, in which healthcare and

creative activities are included, a¤ects positively the utility (e.g., Fogel 2000,

Ramey and Francis 2009).

The paper extends the RCK model to cope with its weakness, allowing that

a well-known and established model be used to analyse the economic growth

e¤ects arising from governmental policies (e.g., Irmen and Kuehnel, 2009). In

line with Fogel (2000) and Ramey and Francis (2009), among others, the utility

function is modi�ed to consider the fraction of time each individual devotes to

healthcare and creative activities.1 In this context, governmental expenditures

�nanced by lump-sum taxes and ine¢ cient expenditures lead to a decrease in

the short, medium and long-run economic growth.

After these introductory remarks, the paper proceeds to characterize the

set-up of the model. Then, the dynamic general equilibrium is derived and,

resorting to numerical computation, steady state and transitional dynamics are

analyzed. Finally, the paper ends with some concluding remarks.

2 Set-up of the model

It is assumed that agents live in�nitely and that the economy is populated by an

invariant large set of identical households. Households divide their time between

work to earn an income, and healthcare and creative activities. Additionally,

they decide to spend part of their income directly on consumption and lend

another part in return for future interest. The fraction of the output that is not

consumed is used in investment. Also, the output of the economy is produced

in perfect competition by using labour and physical capital.

1 In order to isolate the e¤ect of healthcare and creative activities on agents decisions,
endogenous human-capital accumulation is not considered.
.
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2.1 Consumers

The aim of households is to maximize their lifetime utility given by

U (C(t); i(t)) =

Z +1

t=0

e��t

"
lnC(t)� (1� i(t))

1+'

1 + '

#
dt, (1)

where � > 0 is the discount rate, C is the consumption, i is the fraction of time

used for healthcare and creative activities, and ' > 0 is a labour coe¢ cient as a

proxy for the temporal elasticity of substitution of labour. They have to make

a decision on how to split their labour time between work, and healthcare and

creative activities: by working they have a higher income, while through health-

care and creative activities they yield a higher utility. The intuition behind (1)

is that households like to postpone the entrance in the labour market;2 yet, as

time passes, individuals do not value this postponement and thus they prefer to

work once achieved a certain age.

Households accumulate assets, a, in the form of physical capital. Those

assets earn returns at the interest rate r (t). Households�s assets stock is a¤ected

by net savings, given by the di¤erence between income (interest and wages, w)

and consumption. The �ow budget constraint is

_a (t) = r (t) a (t) + w (t) [1� i (t)]� C (t) (2)

where _a (t) is the change in the assets stock, and 1 � i is the fraction of time
devoted to work.

Households maximize lifetime utility subject to the budget constraint and

the �no Ponzi games� condition (limt!1 a (t) e
��t = 0). The solution for the

consumption path, which is independent of the household, is the standard Euler

equation
_C (t)

C (t)
= r (t)� �, (3)

where _C (t) is the change in aggregate consumption. Moreover, the resulting

expression for i is

i(t) = 1�
�
w(t)

C(t)

� 1
'

, (4)

2Thus, the focus is on the particular channel related to the postponement of the entrance
in the labour market. This channel also accommodates the possibility of agents to switch
from working to healthcare and creative activities, and vice versa.
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which implies that the fraction of time devoted to healthcare and creative activ-

ities depends positively on consumption but negatively on wages. Higher wages

imply higher opportunity cost connected with healthcare and creative activities

and thus more time is devoted to work.

2.2 Productive structure

Following the usual RCK approach, the production function has constant re-

turns to scale in capital, K, and labour, L(1 � i), the Inada conditions are
satis�ed and Harrod-neutral technological-knowledge progress is considered:

Y (t) = K(t)� [A(t)L(t)(1� i(t))]1�� , (5)

Representing the capital and output per unit of e¤ective household, respec-

tively, k(t) = K(t)
A(t)L(t) =

K(t)
A(t) and y(t) =

Y (t)
A(t)L(t) =

y(t)
A(t) , since, without loss of

generality, the number of households, L, is normalised to 1. Function (5) can

then by rewritten as

y(t) =
k(t)�

(1� i(t))1�� , (6)

The change of technological-knowledge progress, _A, depends positively on i

(healthcare and creative activities)

_A(t) = i(t)A(t), (7)

What is implicit in (7) is that the increase in technological-knowledge progress

is an externality from healthcare and creative activities, and since there is a

very high number of agents, the impact of each of them on the technological-

knowledge progress is almost null.

Under competitive markets each input earns its marginal product; thus,

w(t) =
@y(t)

@(1� i(t)) = (1� �)
�
k(t)

1� i(t)

��
, (8)

r(t) =
@y(t)

@k(t)
� � = �

�
1� i(t)
k(t)

�1��
� �, (9)

where � is the discount rate of capital. It is important to note from (7) and (8),

that the increase in technological-knowledge progress by the fraction of time i is

not remunerated with wages: there is only an indirect impact on wages by the
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increase in A. Intuitively, households engage in healthcare and creative activities

to have higher utility and not because they are increasing others productivity.

The expression for i in (4) can be rewritten considering (8).

3 Laws of motion

Since physical capital in the economy is K(t) = a(t)L = a(t), then the capital

per unit of e¤ective household is k(t) = a(t)
A(t) . Now, bearing also in mind (7),

(8) and (9) in (2) yields the following path for k:

:

k (t) = k(t)� [1� i(t)]1�� � k(t) [� + i(t)]� c(t), (10)

where c(t) = C(t)
A(t)L(t) =

C(t)
A(t) is the consumption per unit of e¤ective household.

This equation states that the change k(t),
:

k(t), is equal to the di¤erence between

savings, k�(1� i)1�� � c, and break even investment, k [� + i].
Considering the Euler equation (3) and (9), the path of c(t) is

:
c (t) = c (t)

�
�k(t)��1(1� i(t))1�� � i(t))� � � �

�
. (11)

4 General equilibrium

Once characterised the country�s economic structure, we now proceed to analyse

the implications of healthcare and creative activities, which play a crucial role

in the dynamic general equilibrium. We start with the steady state and then we

analyse the transitional dynamics, by solving numerically the model and using

the following set of baseline parameter values: � = 0:05, ' = 4, � = 0:05 and

� = 0:4.

4.1 Steady-state and transitional dynamics

The steady state can be easily computed by solving the system of nonlinear

equations (10) and (11) for
:

k =
:
c = 0. The phase-diagram is depicted by Figure

1 in which is also represented the stable saddle path (the eigenvalues of the

Jacobian matrix evaluated at the steady state are �0:2443 and 0:1640).
The

:
c = 0 curve is di¤erent from the one in the original RCK model, which

is a vertical line. In this model, as the capital per unit of e¤ective household

increases, initially the consumption per unit of e¤ective household decreases

5
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Figure 1: Phase diagram

until a certain level of k. Regarding the
:

k = 0 curve, to keep k constant,

the higher is c the higher has to be k. In order to exist convergence to the

steady-state, both c and k must evolve in the same direction.

4.2 Government intervention

Following Romer (2006), the government buys output at rate G per unit of

e¤ective household. Additionally, it is assumed that G does not a¤ect utility

directly, is only used as public consumption, and is �nanced with lump-sum

taxes. In this case, equation (10) becomes:

:

k (t) = k(t)�(1� i(t))1�� � k(t) [� + i(t)]� c(t)�G. (12)

A change of G from 0 to 0:1 is now considered.

The resulting e¤ects in the phase diagram are plotted in Figure 2. In turn,

Figure 3 depicts the immediate (short run), transitional dynamics (medium run)

and the steady state levels (long run) of all relevant variables.3

Variable c jumps down due to the adjustment by households (immediate

level e¤ect), which does not occur in k. These two variables increase during the

transitional phase towards their new steady state levels.

The immediate impact on wages results from the increase in the labour

3That is, c, k, wages per unit of e¤ective labour, interest rate, fraction of leisure time and
path of the total capital and total output growth rates (which, since the number of households
is �xed, are equivalent to the growth rates of output and capital per capita).
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Figure 2: Phase diagram with and without government intervention

supply. As the fraction of time devoted to healthcare and creative activities

jumps down, labour supply increases and thus wages decrease. Then, during

the transitional phase, k increases and thus also the marginal productivity of

labour; hence, the demand for labour and wages rise. In order to smooth the

utility, households work less and the labour supply decreases, which also a¤ects

positively wages.

However, in the new steady-state the fraction of time househoulds devote

to healthcare and creative activities falls in comparison to the previous steady

state. This results from the fact that wages are higher than before while con-

sumption is more or less the same; households face a higher opportunity cost of

healthcare and creative activities.

Bearing in mind the behaviour of c and i, in the new steady state households

reach lower utility. This also means, that after an increase in the government

ine¢ ciency totally �nanced by lump-sum taxes yield a lower growth-rate of

technological knowledge arising from healthcare and creative activities.

The path of the interest rate has the opposite explanation to the one for

wages per unit of e¤ective labour. Initially, due to the jump up in the labour

supply, the marginal return of investing in capital increases. On the other hand,

in transition dynamics, since k is increasing and labour supply is falling, capital

becomes a relatively abundant input and its marginal return falls.

Initially, k does not change. However, the growth rate of technological knowl-

edge falls at the time of this change leading to a fall in the growth rate of capital,

K. Immediately after, k starts increasing and additionally technological knowl-

7



0 15 30
5

5.5

6

6.5
Capital per effective household

0 15 30

1.3

1.4

1.5

1.6
Consumption per effective household

0 15 30
1.1

1.2

1.3
Wages per effective labour

0 15 30
0.02

0.03

0.04

0.05
Fraction of time devoted to healthcare and creative activities

0 15 30
0.04

0.045

0.05

0.055
Interest Rate

0 15 30
0.02

0.03

0.04

0.05
Growth rate of capital

0 15 30
0.03

0.035

0.04

0.045
Economic growth rate

Figure 3: Impact of government intervention on the relevant variables over time

edge starts increasing at higher rates. These two facts together, lead to higher

growth-rate of K than in the previous steady state. During the transition to-

wards the new steady state, k is increasing at decreasing rates, which explains

the fall in the growth rate of K. In the new steady-state, K grows at the rate

of technological knowledge, which, in turn, is now lower than before.

As initially i decreases and k stays constant, there are two forces in�uencing

the impact in the growth rate of output: the increment in the labour sup-

ply and the fall in the growth rate of technological knowledge, being, in this

particular case, the latter stronger than the former. During the transitional

phase, although capital and technological knowledge are increasing, the fall in

the labour force lead to a fall in the growth rate of output. Hence, in the long

run, an increase in the government ine¢ ciency completely �nanced by lump-sum

taxes lead to lower growth-rate of output.

5 Concluding remarks

This paper presents an endogenous version of the simpler Ramsey-Cass-Koopmans

model, by introducing two new features: the decision of households regarding

their healthcare and creative activities responsible for the technological knowl-
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edge and an ine¢ cient government, which expenditures are fully �nanced by

lump-sum taxes.

In this context, a lower growth-rate of the economy can be observed. House-

holds, concerned about the future, decrease consumption more than the increase

in the government expenditures (in the original RCK model households fall con-

sumption by the exact amount of the government expenditures). Therefore, they

have a higher disposable income to invest in assets thus increasing future in-

come. Moreover, they immediately dedicate less time to healthcare and creative

activities. Then, towards the new steady state, they will increase at decreasing

rates the time devoted to these activities. As a result, households expect to

have a better life in the future than if they simply accommodated the increase

in government expenditures with a fall in consumption.

However, to keep their level of assets in the new steady state, they have to

work more even though they are consuming a bit more. Consequently, they

devote less time to healthcare and creative activities and thus the growth-rate

of technological knowledge falls.
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