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ABSTRACT 

Two alternative continuous-time models of neoclassical exogenous growth, the 
constant saving rate model and the optimal growth model, are used to analyze the 
transitional dynamics of Thailand.  The models are calibrated to match important features 
of the Thai economy from 1985-2009. The estimation for the speed of convergence is too 
high according to Thailand’s data. It appears that the optimal growth model predicts faster 
convergence than the exogenous saving model. The transitional dynamics are protracted 
with high value of coefficient of relative risk aversion.  The paper also indicates that the 
absolute and conditional convergences are consistent with the observation of the 11 Asian 
countries. In order for the neoclassical model’s transitional dynamics to explain a 
convergence in one economy towards another, the model requires an impossible high 
growth and rate of return in the early stage of the transition.   
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1. INTRODUCTION 
The starting point for almost all studies in 

economic growth is the neoclassical growth model, 
which was introduced independently by the work of 
Solow (1956, p. 66) and Swan (1956, p. 334), with 
emphasis in the production function and the law of 
motion of capital accumulation.  The main element  
of their theory exhibits how economic policy can 
raise an economic growth rate by inducing people    
to save more.  However, the model takes the fraction 
of income saved to be constant.  In the long run, the 
economic growth rate of output per capita will be   
the rate of technological progress which the model 
takes as being independent of decisions of economic 
agents.  The Solow-Swan model is known as an 
exogenous growth model.  It would seem necessary 
to incorporate an endogenous mechanism to permit 
economic factors to determine saving behaviour. 
Cass (1965, p. 233) and Koopmans (1965, p. 228) 
developed the optimal growth model by providing an 
endogenous determination of the saving rate.  
Nonetheless, the growth rate of techonology progress 
is still exogenous even in the case of the endogeneity 
of saving.   

Transitional dynamics in growth models and 
convergence across countries have currently received 
more attention such as the work of Baumol (1986, p. 
1075), De long (1988, p. 1138), Lucas (1988, p. 6), 
Lucas (1990,  p. 92), Barro (1991, p. 407), Barro & 
Sala-i-Martin (1992, p. 224), Barro & Sala-i-Martin 
(2003, p. 44), King & Regelo (1993, p. 914),  and 
Mankiw, Romer & Weil (1992, p. 421).  However, 
the transitional dynamics are largely unexplored for 
developing countries and in Thailand particularly.  
The main purpose of this paper is to study the 
transitional dynamics in growth models under 

constant saving and optimal saving.  The paper 
conducts dynamic simulations using a range of 
parameter values which are calibrated for the Thai 
economy.  The rest of the paper is organized as 
follows.  The following section introduces the 
structures of the models.  Section 3 briefly discusses 
the solution method.  The set of calibrated parameters 
for Thai economy are documented in section 4.  The 
transitional dynamics are presented in section 5.  
Section 6 examines the transitional dynamics with 
respect to different parameter values. Section 7 
discusses the absolute and condtional convergence 
application.  A case study of Thailand, Vietnam and 
South Korea growth in the framework of neoclassical 
model’s transitional dynamics is discussed in section 
8.  Section 9 states the policy implication, and 
conclusion appears in Section 10. 
 
2. THE MODELS 

This section initially considers the basic 
neoclassical model of capital accumulation that will 
be used in our analysis.  One is that of Solow model 
and another is that of the optimal growth model 
introduced by Cass-Koopmans model.  The models 
are presented in continuous time version for the 
analysis. 

2.1 The Solow-Swan Model 
In this model economy, an agent produced a 

single homogenous good which is used either for 
consumption or investment.  Saving is a constant 
portion of output.  The good used in the production 
function is physical capital.  The main assumption of 
the Solow model assumes a decreasing return to scale 
in each input but under a constant return production 
function.

 
 
                                          ( , )t t t tY AF K X N                              (1) 
 
 
where tY  is output.1  A  is total factor productivity 
and it denotes a production scale factor affecting the 
productivity of both factors.  Changes in A  will shift 
the production frontier.  tK  is physical capital. tX  
is the labor productivity and is assumed to grow at a  
 
 
 

                                                 
1 The production function is homogenous of degree 1, 
concave and twice continuously differentiable.  
Mathematically, (.) 0KF , , (.) 0K KF and (.) 0NXF , 

, (.) 0NX NXF .  Moreover the production function obeys 
the Inada condtions after (Inada, 1963, p123), 

0 0
lim (.) lim (.)

t t
t t

K XNK XN
F F  and lim (.) lim (.) 0

t t
t t

K XNK XN
F F . 

 
constant rate  or 0

t
tX X e .  tN  is labor input.2 

It is assumed to grow at a constant rate n  or 

0
nt

tN N e  if 0N  is the initial labor.  tX  and tN  
enter multiplicatively.  t tX N  is refered to as 
effective labor and grows at rate n .   

                                                 
2 The assumption is that each worker has a unit of time 
available in each period so that it is supplied inelastically to 
a competitive labor market. We can identify the number of 
workers and the supply of labor in each period. Another 
assumption is that there is full employment in the economy 
and labor supply equals to employment. Therefore, total 
population can be used as input in the production fuction. 
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Output is divided between consumption, tC , and investment, tI .   The national income identity becomes, 
 
 
                                              t t tY C I                                              (2) 
 
 

The model assumes that saving is a constant portion of output, t tS sY , and equals to investment, t tS I .  
As saving is constant, so is the investment rate.  The capital accumulation takes the following form, 
  
 
                                                        t tK I K                                                        (3) 
 
 
where t tK dK dt .  is a depreciation rate of 
physical capital and is constant.  The equation (3) 
says that the change in capital equals gross 
investment less depreciation of capital.  The key 
variables can be represented in term of effective 
labor ratio.  Given t t t tk K X N denotes the  
stock of capital per unit of effective labor and         

ty  as output per unit of effective labor, 

( ,1)t t t t t t ty Y X N AF K X N .  For a Cobb-

Douglas production function as 1( )t t tY AK XN , 

we will have ( )t tf k Ak  where  denotes the 
capital share. The law of motion of the economy in 
continuous time analysis can be written as, 

 
 

                                                    ( )t t tk sAk n k                          (4) 
 
 

The equation (4) implies that the stock of capital 
per unit of effective labor decreases if total capital 
depreciation exceeds saving per capita.  The initial 

capital stock 0k  is given exogeneously.  At the 
steady state, 0tk .  Steady state of capital, SSk , is 
characterized by, 

 

                                                  

1 (1 )

ss
sAk

n                                         (5) 

 

Equation (5) implies that the steady state level of 
capital-labor ratio is positively related to saving rate 
and is negatively related to either the rate of 
population growth, the depreciation rate of capital, or 
the rate of growth of productivity. 
 

2.2 The Cass-Koopmans Model 
We now turn our attention to the optimal growth 

model. In the Solow-Swan Model as described in 
section 1, there are no economic decisions being 
made.  However, it is believed that in reality, 
individuals can make utility maximising decisions. 
The Cass-Koopmans model assumes that individuals 
have preferences over consumption path and are able 
to make optimal decision.  Therefore, saving is no 
longer constant but it is endogenously determined by 
the optimal consumption choices which in turn 

determine the capital accumulation process and 
production possibility and growth.  This section 
maintains the structural assumptions of the Solow-
Swan model in the previous section.  

The agents experience instantaneous utility 
( )tu c  which depends on the flow of consumption.3  

The agent’s utility is defined as the discounted 
integral of present and future utility.    

                                                 
3 The utility function ( )tu c  exhibits positive but 

diminishing marginal utility and therefore ( ) 0C tu c     
and ( ) 0CC tu c .  Moreover it follows Inaday condition 

0
lim ( )

t
C tC

u c and lim ( ) 0
t

C tC
u c . 
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The economy seeks to maximize the lifetime utility with the constrain as follows, 
 
 

                                                    
0

( )
t

t
tc

Max e u c dt   

                     subject to,          ( ) ( )t t t tk f k c n k              (6) 

 
 
 
where  is the rate of time preference that agents 
consider for future consumption.  The time discount 
factor is less than 1 indicating that agents are 
impatient. They yield less utility from the same 

amount of consumption if that consumption occurs 
later.  The initial capital stock 0k  is again given 
exogeneously.

 
 
 
The agents have the following instantaneous utility function (.)u  over consumption sequence tc as, 

 
 
 

                         

1

for 0< <1 or  >1( ) 1
log( ) for  =1

t

t

t

c
u c

c
                      (7) 

 
 
 
 
where 0  and is called a coefficient of relative 
risk aversion.  It measures the degree of risk aversion 
of the agent.  The elasticity of intertemporal 
substitution is defined as 1 .4  It is the key 
parameter defining the agent’s desire to smooth  
 
 
 
 
 
 
 
 
 

                                                 
4 The special case of utility, 1( ) 1t tU c c , is known 
as  the constant relative risk aversion (CRRA) utility 
function.  The coefficient relative risk a version, 

( ) ( )CC t CcU c U c , is .  The elasticity of the marginal 
utility of consumption is  and the intertemporal elasticity 
of substitution of consumption is 1 . As the intertemporal 
subsitution of consumption decreases, the utility function is 
more concave.   

consumption over time.  The high substitution 
economy is represented by the low value of .  
Agents are more willing to substitute consumption 
over time. 
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Write down the Hamiltonian for the dynamic optimization problem, 
 
 
                  ( , , , ) ( ) [ ( ) ( )]t t t t t t t tH c k t u c f k c n k                     (8) 

 
 
where t  is the continuous-time equivalent of a Lagrange multiplier. The first-order necessary conditions 
characterizing the optimum can be written, 
   
 
                    ( )c t tu c                                                                                                 (9) 

                    ( ) ( )t t t tk f k c n k                                                                    (10) 

                    [ ( ) ( )]t t k t tf k n                                                           (11) 

 
 
The steady state where 0t tk  will be characterized by the per capital level of capital, SSk , and 

consumption, SSc , 

 

                              
1 (1 )

ss
Ak

n
                                                        (12) 

                              ( )SS SS SSc Ak n k                                                        (13) 
 

 

3. SOLVING THE MODELS 
The equilibrium equations resulting from the optimization problem basically are non-linear.  However, we 

cannot easily analyze the model with non-linear equations.  In this section, we transform the equilibrium linearly 
around the steady state and then solve the resulting linear system numerically.    

The log-linearized version of the Solow’s capital accumulation equation evaluated at the steady state is, 
 
 

                                            
1ˆ ˆ( 1)t SS tk sA k k                                                                 (14) 

 
 

where t̂ t tk k k  and ˆ lnt tk d k  where t̂k  describes the log-deviation from its steady state.  At the steady 
state, we use equation (5) and equation (14) to obtain the following expression, 
 
 

                                         ˆ ˆ( 1)( )t tk n k                                                                (15) 
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The second case is the Cass-Koopmans model.  By log-linearizing equation (9) and (10) around the steady state, 
leaving                                                                                                                                                                  
                                        
        

                                           
( 1)( ) ˆ

t̂ t
nc k                                                         (16)      

and                            
( )(1 )ˆ ˆ ˆt t t

nk k c                                                  (17)                     

                                                                
 
Therefore, we obtain the fundamental dynamic system of the Cass-Koopmans model. 
 
 
 

                   

( )(1 )
ˆˆ

( 1)( ) ˆˆ 0

tt

tt

n
kk

n cc
               (18) 

 
 

The standard numerical methods for solving differential equations can be used to solve the entire time paths 
of c and k  and other concern variables.5 
 
 
4. MODEL CALIBRATION FOR THE THAI ECONOMY  

In this section, we present the calibration for a set of parameters.  The characteristics of the calibration are 
that the model parameters are determined by the long-run properties of the economy.  We choose model 
parameters in which the long-run behaviour of the model matches the long-run observations from the Thai data. 
In this paper, we use Thailand’s data series for the period 1985-2009, obtained from Office of the National 
Economic and Social Development Board of Thailand (NESDB).  The parameters of the model are selected as 
follows.  According to the model, the growth rate of technological change  is chosen to equate the growth rate 
of real output per capita in Thailand during the last 24 years which is 4.43% annually.  Population growth rate n  
is the average growth rate of economy’s population which is 1.09% per year.  The saving rate s  is the amount 
invested and it is the fraction of output that is not consumed.  Over the sample period, saving-output ratio for the 
Thai economy is 34.86%.6  The lending interest rate adjusted for inflation is used for the real interest rate.  The  
 
 
 
                                                 
5 We can consider this system as t tz Mz .  The system could be decoupled using the standard eigenvalue-eigenvector 
decompositions: 1M P P  where  is the eigenvalues of M and P  is the matrix of eigenvectors with columns 
corresponding to the eigenvalues.  Since the system has one unstable eigenvalue and matrix P depends on parameters of the 
model, the endogenous variable, tc , has to wipe out the unstable dymanics.  We choose consumption so that we have 
bounded solution.  The details of this procedure can be found in Novales, Perez and Ruiz (2010, p. 115).  Mulligan and Sala-
i-Martin (1991, p.3) use a procedure called time-eliminaition method to solve the policy function numerically. 
6 The model assumes that output is either consumed or invested.  However, the national income account provided by NESDB 
is Y C I G NX .  It is necessary to reorganize the national income account to match the income and expenditure 
categories in the model. We have to adjust and rearrange government spending G  and net export NX  in the national 
income account.  The government spending G catergories in the national income account are classified as public 
consumption.  Therefore, the government spending G should be added into consumption.  The investment catergories in the 
national income account are already classified as public and private investments.  Exports or imports do not exist in the 
model because the model economy is closed.  If a country is in a trade surplus, it is lending to the rest of the world.  State 
differently, the country is accumulating claims to future output from the rest of the world.  Note that investment is made for 
increasing future output.  By this reason, investment is reduced by the amount of trade deficit and is added by the amount of 
trade surplus. 
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average real interest rate provided by the World Bank is 8.09% annually.7  The capital’s share of income at the 
steady state is defined as SS SS SSr k y .  The average capital-output ratio is chosen to be the capital-output 
ratio at the steady state which is 3.497 on the annual basis.  It follows that the capital’s share of income  is 
0.283 and labor’s share is simply 1-0.283.8  We choose the depreciation rate  to be 4.44% annually according 
to the capital accumulation equation in per capita term.9  We normalize the value of total factor productivity A  
to 1.  The parameter is difficult to obtain from long-run observations and previous literatures always choose it 
independently.  Then we set 2  for Thai preference following many literatures.10  The time discount factor in 
the contious time version of the Cass-Koopmans model is derived from equation (11) when it is evaluated at the 
steady state.11  Table 1 summarizes the values of the calibrated parameters of the Thai economy.  
 
 
Table 1 The list of calibrated parameters during 1985-2009 
 

   The technology growth rate                           0.0443  

   The population growth rate                            0.0109n  

   The total factor productivity                         1A  

   The saving rate                                               0.3486s  

   The relative risk aversion                               2 

   The capital depreciation                                0.044  

   The capital share parameter                           0.2829  

   The real interest rate                                      0.0809r  

   The time discount factor                              0.0279  

 
 

                                                 
7 King and Rebelo (1993, p.916) use the annual average real return on equity as the steady state real interest rate for the 
postwar United States.  The average real return on equity for Thailand during 1985-2009 is 16.89% per year.   
8
 1/ 3  is a common parameter.   King and Rebelo (1993, p.916) use 1/ 3  according with the estimates documented 

in Maddison (1987, p.659).  However, if we use the annual average return of the Thai stock market which is 16.89%, the 
share of capital would be 0.591.  This high capital share will be investigated in section 6. 
9 Given 0.0109n , 0.0443 , 0.3486s and 0.286y k , we obtain 0.044 from the capital accumumation 
equation evaluated at the steady state 1 [(1 )(1 ) ( )]n s y k . 
10 There is a wide range for reasonable value of . The majority of the estimates is between 1 and 3.   We set 2 for this 
analysis. 
11 At steady state, 0t .  Therefore, ( )r n . 
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5. THE TRANSITIONAL DYNAMICS 
Having parameterised the model to match the 

Thai growth facts, this section analyzes the 
transitional dynamics, the time path of the 
neoclassical models given the initial capitial stock 
that is away from its steady state value.  This 
experiment chooses the capital stock in 1985 as the 
initial capital stock of the Thai economy which is 
37.13% of the average capital stock observed over 
1985-2009. As shown in section 3, the study of the 
convergence behaviour of the Cass-Koopsman model 
is slightly more complicated than is the case for the 
Solow-Swan model.  After linearizing the models, 
the Solow-Swan model has only one first order 
differential equation while the Cass-Koopsman 
model has the system of first order differential 
equation.  Nontheless, the transitional dynamics can 
be examined in a straightforward manner.  The 
transitional dynamics of the models calibrated for the 
Thai economy are depicted in Figure 1.  We are 
interested in the convergence paths of the variables, 
so we take a 80 year interval and examine if the 
economy converges to its steady state level.   

In each panel, the case of Solow-Swan model is 
the solid dark line while the dashed line is for the 
case of Cass-Koopsman model.  There are several 
interesting features from Figure 1.  In the early years, 
agents postpone consumption in response to the high 
real rate of return.12  The initial response of 
consumption in the optimal growth model is negative 
and is lower than that in the exogenous saving model.  
Agents save more and consume less in the very early 
stage because the high rate of return.  Comparing to 
the constant saving in the exogenous model, the 
saving in the early stage is high and falls 
monotoneously in the optimal growth model.  Similar 
to saving rate, investment in the optimal growth 
model monotinically falls.  Output has an increasing 
level and diminishing growth rate.  The entire time 
path of output and capital of the optimal growth 

                                                 
12 King and Rebelo (1993, p.916) document that in the 
optimal growth model, the interest rate and output growth 
rate in the early stage take the unrealistic high values.  
Barro and Sala-i-Martin (2003, p.116) also report the 
similar results corresponding to the initial captial stock per 
effective labor equal to 10% of its steady state value or 

0 0.1 SSk k .  To reduce the unrealistic high values of the 
real interest rate and growth of output, Barro and Sala-i-
Martin increase the capital share coefficient from 0.3 to 
0.75.  For the calibrated parameters over the observation 
peirod of the Thai economy 0 0.371 SSk k the output 
growth rate and the rate of return are more reasonable.  If 
we assume 0 0.1 SSk k  for the Thai economy, we get 22 
percent for the initial growth rate of output and 33 percent 
for the initial real interest rate.  Those initial values are 
implausibly large.  Therefore, the initial level of capital 
stock or the position where we start in the transitional path 
could also play an important role for the response of initial 
interest rate and growth of output.   

model are above that of the exogenouse saving 
model.  Output growth rate predicted by the optimal 
growth model is higher than that predicted by the 
constant saving rate model.   However, these facts are 
reversed after approximately 10 years.  Time path of 
interest rate depends on how capital stock moves 
during the transition because interest rate equals the 
marginal product of capital less the depreciation of 
the physical capital.   

In this paper, we are also equally concerned how 
rapid the economies converge.  It is essential to 
identify the pace of convergence since it helps us to 
know the proportion of the economy’s growth 
experiences whether they are ruled by transition or 
not. By looking at the transition paths, we would see 
that the pace of convergence is very rapid.  The 
Solow-Swan model predicts a convergenvce speed of 
7.11 percent per year while the optimal growth model 
predicts even a higher rate of 11.32 percent per 
year.13  Obviously, the optimal growth model 
predicts even faster convergence than the exogenous 
saving model.  One-half the distance from the initial 
level of output to its steady state is removed within 
about 10 years for the exogenous saving model and 6 
years for the optimal growth model.  The reason 
could be seen in the time path of real interest rate.  
The model envisages the high interest rate of over 
10% in year 1 and 2. This becomes the driving force 
for agents to cut down consumption in favour of 
investment today.  The estimation for the speed of 
convergence is too high according to the Thai data.  
The relevant estimate based on the Thai data is 
4.43% per year which is the long term growth rate of 
real GDP per capita corresponding in theory to the 
parameter, . 

                                                 
13 The speed of convergence of the Solow-Swan model is 

 where (1 )( ) 0.0711n .  To have a 
stable dynamic system for the Cass-Koopmans model, the 
eigenvalues of the transtition matrix for the system of the 
differential equation (18) must be 1 0  whereas

2 0 .  1  and 2  and the eigenvalues associated with 
this dynamic system.  For the Thai economy, we have 

1 0.1412  and 2 0.1132 .  The stable eigenvalue 
is 2  and indicates how fast the economic output per 
effective labor approaches its steady state value. 
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Figure 1 The transitional dynamics 

 
Solid line for the Solow-Swan model and dashed line for the Cass-Koopsman model. The eight panels depict the 
dynamic paths per unit of effective labor of output, output growth rate, saving, consumption, capital, capital-
output ratio, investment and interest rate.   
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6. COMPARATIVE ANALYSIS 
First, we change the coefficient of relative risk 

aversion  by increasing it to 10  as shown in 
Figure 2.  The intertemporal substitutability of 
consumption,1 0.1, is reduced as  rises.  For 

10 , the pace of convergence is slower with a 
half life of  15 years rather than 6 years when 2 .  
With higher , agents are willing to smooth 

consumption over time.  The finding shows that the 
initial consumption is higher but grows at slower 
pace than the case of 2 .  A higher consumption 
implies a lower saving or investment.  Therefore, the 
transitional dynamics are protracted with high .  
Nonetheless, the rate of return is high for a long time 
because savings are reduced.  Low rate of saving 
quickly pushes up the marginal product of capital. 

 
 
 

   
 

Figure 2 The transitional dynamics of alternative  
 
 

 
If we choose the steady-state real interest rate of 

16.89% per year corresponding to the annual average 
real return on investment in the Thai stock market 
during the observed period, this return implies the 
share of capital of 0.591.  Therefore, we increase the 
share of capital to 0.591 for our sensitivity analysis.   

Figure 3 displays how changing  affects 
output and the real interest rate.  Output rises as  
increases.  If we use higher , the initial interest 
rate is considerably lower and the speed of 
converence of output is slower.  Relative to 6 years 

for 0.2829 , the half-life of output is about 16 
years where 0.591.  As in King and Rebelo 
(1993, p.918), the capital’s share in a Cobb-Douglas 
production function dictates how fast the marginal 
product of capital diminishes with the capital stock.  
A greater the value of , the marginal product 
increases less sharply. Less amount of capital is used 
to produce the same amount of output.  There is less 
incentive to accumulate capital. Therefore, the 
economy moves more slowly towards its steady state.

 
 
 

  
                                                       

 
Figure 3 The transitional dynamics of alternative  
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We change the value of the time discount factor 
to see the character of transitional dynamics.  There 
are three different ways in which the Thai people can 
value more, less, or the same future consumption 
relative to the current consumption.  If Thai people 
value the same future consumption relative to the 
current consumption, the future utility is not 
discounted or 0 .  The lower is the discount 
factor, the more the agents value consumption if 
those consumptions occur later.  They are willing to 
comsume less in the early stage of the transition.  As 
shown in figure 4, we examine three different values 
of  for Thai people, 0 , 0.028 and 0.1 .  
For higher value of the discount factor, the pace of 
convergence goes more rapidly.  The length of time 
to cover half the gap to steady state is four years for

0.1  while it is seven years for 0 . The 
higher the time discount factor, the faster the 

resources are invested and the captial stock is 
accumulated.  However, the early stage level of 
output is high when the discount factor is low 
because agents postpone consumption to the future 
and save more in the initial period, resulting in a 
greater investment and output.     

Figure 5 plots the time path of the economy 
under different rates of the depreciation of capital.  
The larger the depreciation, the more the capital is 
required and accumulated to replace worn-out 
capital.  Therefore, under higher depreciation rate of 
capital, the economy moves faster to its steady state.  
The length of time to cover half the gap to steady 
state is four years for 0.1.  A high population 
growth results in a high depreciation of physical 
capital.  Therefore, the effect of population growth 
and the depreciation rate result in the similar 
character of the transition path of the economy. 

 
 
 

  
 
 Figure 4 The transitional dynamics of alternative       Figure 5 The transitional dynamics of alternative  
 
 
 
7. ABSOLUTE AND CONDITIONAL CONVER- 
GENCE APPLICATION 

One interpretation of the results of the growth 
models is to show predictions of how the initial of 
capital affects the growth rate per capita. By using 
equation 4, we yield the results linking growth rate of 
capital to the capital level in efficient unit of labor for 
the Solow-Swan model.  The relationship is negative 
or 0

tk tk .  Lower capital level in effeicient 
unit of labor is associated with higher growth rate of  
 

 
 
 
 
 
 
 
 
 
 

capital.  Therefore, the Solow-Swan model predicts 
that lower capital and output level have higher 
growth rate of capita and also growth rate of output.14  
As shown in section 2.2 equation (12) and (13) in the 
case of the Cass-Koopsman model, it predicts that the 
economies will converge to the same steady state for 
the same underlying parameters.  The model also 
suggests the negative correlation between the initial 
and growth of output.   
 

                                                 
14Barro and Sala-i-Martin (2003, p.117) suggest that this 
conclusion is unambiguous for the Cobb-Douglas production 
function. 
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Nonetheless, different countries have different 
structural parameters and they in turn have different 
steady states.  The steady states are conditional on 
different underlying parameters. If the countries 
converge to different steady states, we cannot make 
any conclusion about their relative speed of 
convergence. This is called the conditional con-

vergence.  This concept states that the countries that 
start further below their steady states should grow 
faster.  Barro and Sala-i-Martin (2003, p.44) show,    
for the Solow-Swan model, the idea of the 
conditional convergence algebraically using the 
saving at the steady state condition from equation      
4, 1[( ) ] SSs n A k .   

 
 
                                      

 
 

Figure 7 Average annual growth rate of GDP per capita against the ratio of initial level of GDP per capita  
to the average GDP for 11 selected Asia countries.  Note: the same as Figure 6. 

 
 

 
They substitute the saving rate back into the 

same equation, then the growth rate of capital can be 
expressed as 1( ).[( ) 1]k SSk k n k k  
which states that the growth rate of capital depends 
on the distance between current and steady state 
capital in effective labor ratio.  The Cass-Koopsman 
model has similar argument on the conditional 
convergence.   

Figure 7 illustrates the negative relationship 
between growth rate of GDP per capita against the 
ratio of initial level of GDP per capita to the average 
GDP.  The lower ratio of the initial level of GDP  
 

 
 
 
 
 
 
 
 
 
 

per capita to the average GDP indicates that the  
economy is further below its steady state level and it 
grows faster.  Thus, the conditional convergence also 
implies for the 11 selected Asian countries. The 
conditional convergence of neoclassical model has 
been found to exist for a broad sample of countries 
and also for the region within a country. Such 
findings follow the work of Barro and Sala-i-Martin 
(1991, p.117), Barro and Sala-i-Martin (1992, p.233), 
Barro and Sala-i-Martin (2003, p.46), and (Mankiw, 
Romer &Weil, 1992, p. 421)16   

 
 
 
 
 
 

                                                 
16 Mankiw, Romer and Wiel (1992, p.45) employ a simple 
cross-sectional regression to testing for convergence. The 
more sophisticated panel data approach is used by Caselli, 
Esquivel and Leforte (1996, p.21) and Canova and Mercet 
(1995, p.7).  
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The assumption is that Thai economy was in      
its steady state in 1985 for the left panel. The 
assuumption is that Thai economy was in its steady 
state in 2008 for the right panel.  The transitional 
dynamics of the Thai growth rate is 0. 

Figure 9 depicts that the Vietnamese transitional 
growth would have been nearly achieved in the first 
30 years.  In other words, the Vietnamese economy 
takes about 30 years to converge to the same level of 
the Thai economy in 1985.  According to the model’s 
prediction, the Vietnamese economy in 2015 will be 
in the same level as the Thai economy was in 1985.  
If we assume that Thai economy is in its steady state 
path in 2008, it will take the Vietnameses economy 
about 20 years to converge to the same level of the 
Thai economy in 2008.  The time to converge to the 
steady state is shorter for the later experiment 
because the economy is further below its steady state 
level.  That means the Vietnameses economy in 2005 
would have been the same as Thai economy was in 
2008.  These two experiments leave out what seems 
essential to counterfactual condition.  Firstly, as 
shown from Figure 9, the Vietnamese growth rate is 
absurdly high during the first 5 to 10 years.  
Secondly, from Figure 8, the Vietnamese economy in 
2005 was only about 12 percent of the Thai economy 
in 2008.  The neoclassical model unrealistically 
predicts that the time path to steady state is shorter if 

the economy is started further below its steady state.  
The Vietnamese economy in 2015 will be more 
likely to be the same level as the Thai economy was 
in 1985.    

By assuming that the South Korean economy is 
in its steady state in 1985, we are able to evaluate the 
transitional dynamics of the neoclassical model for 
the evolution of Thai economy by comparing to 
South Korea economy.  We restrict additional 
assumption in which the Thai and South Korean 
economies have the same underlying parameters as 
appeared in Table 1.  The per capita real GDP of 
Thailand is about 26 percent of South Korean level in 
1985.   With this initial condition, it will take roughly 
40 years for Thai economy to converge to the similar 
level of the South Korean economy in 1985 as 
depicted in Figure 10.  State differently, the model 
estimates that in the year 2025, the Thai economy 
will have the same real output per capita as the South 
Korean economy was in 1985.  However, the fact 
shows the opposite direction in Figure 9.  The Thai 
real output per capita in 2008 was just slightly higher 
than the South Korean level in 1985.  Rather than 
using the calibrated parameters listed in Table 1, if 
we simulated the model economy by using particular 
calibrated parameters for the South Korean economy 
itself, the predictions would become more accurate 
and realistic. 

 
 

 
 

Figure 10: Comparison of simulated Thai and South Korean growth 
The transitional dynamics of the South Korean growth rate is 0. 

 
 
 

9. POLICY IMPLICATION 
The exogenous growth models discussed in this 

study can be used to guide an economic policy.   
Nation saves and invests play, according to the 
models, a key role of its people’s standard of living.  
The policy makers should want to increase the rate of 
saving and investment.  The approaches in which the 
government affects national saving are through 
public saving and private saving.  The government 
can influence private saving using incentive through 
a variety of public policies.  The policies such as low 
tax rates on capital including the corpotate income 

tax, the federal income tax and the extate tax 
encourage private saving by increasing the rate of 
return that investers gain.  In addition, the models 
show that sustained growth in income per capita must 
come from technological progress.  The public 
policies should be designed to stimulate technology 
progress.  The government should encourage the 
private sector to devote resources to technological 
innovation. 
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10.  CONCLUSION 
Time path of saving determines the differenes of 

the transitional dynamics of the two models.  Time 
path of saving is constant under the Solow-Swan 
model while time path of saving is endogeously 
determined by the optimal consumption choices.  For 
the Thai economy during 1985-2009, the paper finds 
that the initial response of consumption in the 
optimal growth model is negative and lower than that 
in the exogenous saving model.  The entire time path 
of output and capital of the optimal growth model   
are above that of the exogenous saving model. In 
addition, the pace of convergence is very rapid.  The 
optimal growth model predicts even faster 
convergence than the exogenous saving model.  The 
estimation for the speed of convergence is too high 
according to the Thai data.  This paper examines the 
dynamic evoluation with respect to different 
parameter values under the optimal growth model.  
The transitional dynamics are protracted with high 
value of coefficient of relative risk aversion.  A high 
capital share lowers the initial interest rate and the 
speed of converence of output.  For higher value of 
the discount factor, the pace of convergence goes 
more rapidly.  The economy moves faster to its 
steady state with a higher depreciation rate of capital.  
The paper also indicates that the absolute and 
conditional convergences are consistent in the 
context of the 11 Asian countries.  In order for one 
economy convergence towards another, the model 
requires an unachievable high growth and rate of 
return in the early stage of the transition.  The model 
unrealistically predicts that the time path to steady 
state is shorter if the economy is started further  
below its steady state. The model predicts that the 
Vietnamese economy, starting from 1985, takes 
about 30 years to converge to the same level of the 
Thai economy in 1985 while it will take only about 
20 years to converge to similar level of the Thai 
economy in 2008.  It is a challenging open question 
to find some plausible alterations of the basic model 
to explain the discrepancy.  

The production function is the main feature of 
the neoclassical model.  The neoclassical technology 
exhibits the diminishing returns to capital. King and 
Rebelo (1993, p.927) point out that this assumption 
leads to counterfactural implications when the 
model’s transitional dynamics is used to explain 
sustained cross-country differences in growth rate.  
The transitional dynamics are important in the very 
early stage because the diminishing returns to capital 
induce intertemporal reallocation.  The diminishing 
returns to capital induce a high marginal product of 
capital which translates into a high real rate of return.  
Therefore, we expect the unrealistically high real rate 
of return and growth rate for the beginning of the 
transition.  This paper reaches the same conclusion to 
that documented by previous research of King and 
Rebelo (1993, p.929).  Further reseaches for the 
growth of Thai economy should be directed to 
overcome the assumption of the diminishing returns 

to capita of the neoclassical technology.  The 
endogenous growth models including human capital 
such as those of Uzawa (1964, p.2) and used by 
Lucas (1988, p.17) or the AK model such as those of 
Romer (1986, p.1008), Romer (1987, p.56), Romer 
(1990, p.S78) and Rebleo (1991, p.507) elimiate the 
diminishing returns to capital.  Different functional 
forms of production could be an alternative to 
improvements in explaining Thailand’s long-term 
growth. 
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