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MACROECONOMIC FLUCTUATIONS AND ECONOMIC GROWTH:
 
THE CASE OF KOREA
 

INTRODUCTION 

Short run macroeconomic fluctuations and long run economic growth have 

been two important topics that have occupied the minds of many macroeconomists for 

a long time and obviously will occupy for years to come. This dissertation is another 

effort to investigate these topics with the help of recently developed theoretical and 

empirical methods. In particular, the Korean economy is examined using the testable 

hypotheses derived using the theoretical models. The empirical results would provide 

some good information useful for the understanding of and the policy making in the 

Korean economy. 

First, I examine whether traditional Keynesian model is still useful in the 

analysis of Korean economy. The traditional Keynesian interpretation of 

macroeconomic business fluctuations relies on the theoretical framework of 

relationship between aggregate demand and aggregate supply. Aggregate demand 

(AD) describes the relationship between quantity demanded of all goods and services 

and the aggregate price level, ceteris paribus. It captures the behavior of the aggregate 

demand for goods and services given price level. Aggregate supply (AS) characterizes 

the relationship between quantity supplied of all goods and services and the aggregate 

price level, ceteris paribus. It captures the behavior of prices given output and 
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includes a relation between unemployment and output (Okun's Law)', a wage setting 

equation (the Phillips curve)2, and a price setting equation (Blanchard, 1989). That is, 

in Keynesian model, Okun's Law, a wage setting equation, and a price setting equation 

describe the characteristics of aggregate supply, whereas macroeconomic variables that 

affect aggregate demand such as money supply and exchange rate characterize 

aggregate demand. As a result, according to the traditional Keynesian view, if one 

sets up the 5 equations' described above in a appropriate way, he is able to figure out 

the dynamic mechanism of macroeconomic variables. 

In short-run AD-AS framework, aggregate demand shocks move output and 

prices in the same direction, while aggregate supply shocks move them in the opposite 

directions. In the long run, the effects of aggregate demand shocks are reflected 

mostly in the prices and wages, not in output. The consequence is the well-known 

vertical long run aggregate supply curve. Aggregate supply shocks, which include 

shocks to productivity, are more likely to have long-run effects on output. As a result, 

the movements of output are dominated by demand shocks in the short run, and by 

supply shocks in the long run. The extension to the open economy is quite 

' Okun's Law describes the relationship between the unemployment rate and the 
level of real GNP relative to its long-run-capacity-level states: the higher the level of 
real GNP as a percentage of capacity real GNP, the lower is the unemployment rate. 

2A Phillips curve shows the relationship between the inflation rate and the 
unemployment rate, holding constant the expected inflation rate and the natural rate of 
unemployment. Other things being equal, the higher the unemployment rate, the lower 
is the inflation rate. 

35 equations are related to the macroeconomic variables such as output level, 
unemployment rate, price level, wage level, and money. 
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straightforward and the Mundell-Fleming model or the Dornbusch sticky price model 

provides the analytical framework. 

While this framework dominates in standard textbooks as well as in 

macroeconometric models, it has come under heavy criticism. In particular, new 

classical economists have attacked the standard Keynesian theoretical structure as 

"fundamentally flawed." They believe that useful macroeconomic models should be 

based on rational expectation concept.4 According to their views, output level and 

unemployment are independent of systematic and, therefore, anticipated changes in 

aggregate demand through rational expectation mechanism. That is, since output level 

and unemployment are insensitive to aggregate demand policies in both short run and 

long run, systematic monetary and fiscal policy actions that change aggregate demand 

will not affect output and employment even in the short run. This is the new classical 

policy ineffectiveness postulate. 

Furthermore, traditional Keynesian AD-AS framework has been criticized for 

not capturing important aspects of the data. Macroeconometric models following the 

traditional AD and AS approach have been constructed equation by equation, each of 

them is estimated under strong and incredible identification restrictions (Sims, 1980). 

Nothing in the process of constructing guarantees that the resulting collection of 

equations captures the major characteristics of the joint process of macroeconomic 

variables, that the story that they articulate is actually consistent with the data. 

4Expectations are formed on the basis of all the available relevant information 
concerning the variable being predicted. Furthermore, individuals use available 
information intelligently. 
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Chapter I examines the concern that macroeconometric models following the 

traditional AD and AS approach can not capture important aspects of the data. This 

study is based on Sims (1980) Vector Autoregressive (VAR) approach which includes 

all related equations simultaneously. It has the desirable property that all variables 

are treated symmetrically, so that one does not rely on any incredible identification 

restrictions. When we are not confident that a macroeconomic variable is actually 

exogenous, it is better to treat each variable symmetrically. Namely, we can let any 

macroeconomic variable be affected by current and past realization of the other 

macroeconomic variables. This allows for feedback effects among macroeconomic 

variables. This is a well-known VAR model. 

Particularly, I ask whether the joint behavior of key Korean macroeconomic 

variables is consistent with the traditional Keynesian interpretation of macroeconomic 

business fluctuations. If so, then policy making may be based on IS-LM/AD-AS 

framework. If not, a different approach (e.g. New Classical) should be considered to 

see if it works any better. As demonstrated in the section I.3 of Chapter I, the joint 

behavior of the key macroeconomic variables in Korea can be viewed as resulting 

from the dynamic transmission of demand and supply shocks through the mechanism 

described in typical Keynesian models. 

Chapter II is devoted to the investigation of the effects of government 

expenditure on economic growth rate. The recent interesting and remarkable 

development on endogenous economic growth literature provided some insights into 

how government fiscal policy can affect the long run growth rate. If the social rate of 
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return on investment (or the formation of capital) exceeds the private rate of return on 

investment, then tax policies that encourage investment can raise the economic growth 

rate and the levels of utility. An excess of the social rate of return over the private 

rate of return can reflect learning-by-doing with spillover effects, the financing of 

government consumption purchases with an income tax, and monopoly pricing of new 

types of capital goods (Barro and Sala-i-Martin, 1992 and 1995). Tax incentives are 

not necessary if the private rate of return on investment equals the social rate of return 

on investment. This kind of situation occurs in growth models when the accumulation 

of a broad concept of capital goods does not entail diminishing returns or 

technological progress is viewed either as an expanding variety of consumer and/or 

intermediate producer goods or quality improvements on the existing goods (Romer, 

1990, and Barro and Sala-i-Martin, 1995). 

This study utilizes one strand of endogenous growth models in which a broad 

concept of capital is not subject to diminishing returns but constant returns. This kind 

of growth model is in general called AK model and exhibits the divergence of the 

social rate of return and the private rate of return. Consequently, the decentralized 

individual household choices lead to a suboptimal rates of saving and economic 

growth (Arrow, 1962, and Romer, 1986). The very existence of learning-by-doing and 

knowledge spill-overs (externalities in general) are the key to constant social rate of 

return on investment. Rebello (1991) found that the decentralized private choices 

could generate a Pareto optimal result when no externalities exist. 
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The so-called AK model can easily be extended to include government 

activities in the spirit of learning-by-doing and spill-over effects, where the changes 

in the government activities amount to shifts in the production function. In the model, 

various activities of government can be viewed as effects on baseline technology, A, 

and hence on economic growth rate. These activities include the provisions of 

infrastructure services, the protection of property rights, and the taxation of economic 

activity. It is important to realize that in the standard neoclassical growth theories, 

these types of government policy changes would affect the steady-state level of per 

capita output and would also affect per capita growth rates during the transition to the 

steady state (Blanchard and Fischer, 1989, Solow, 1956, Swan, 1956). Barro (1989) 

provides an excellent survey of neoclassical approach to fiscal policy. 

The long run effects of government activities are treated basically in answering 

the following questions(Barro and Sala-i-Martin, 1995). First, are government services 

productive in the sense that the economy benefits from bigger government or more 

government services? Second, are the government services subject to congestion in 

the sense that an individual's decision to expand output congests the public facilities 

available for other production? Obviously, in the second case, a tax on production is 

desirable because it internalizes the congestion. In the first setting, the government 

acts as benevolent provider of facilities or services and the optimal size of the 

government could be discussed in relation to taxation to provide the services. 

It is important to understand what specific government spending programs 

promote or hamper economic growth for policy making purpose. Many of the studies 
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have been done along this line and most of them are theoretical. King and Rebel lo 

(1990), Lucas (1990), and Jones, Manuel li, and Rossi (1993) discuss the effects of tax 

policies in the simple endogenous growth models. Barro and Sala-i-Martin (1995) 

provide a comprehensive review of the fiscal policy implications on economic growth 

both in neoclassical setup and in endogenous growth models. 

Munnel (1990) and Cullison (1993) consider the effects of public spending on 

economic growth and identify some of the important spending programs. For 

example, using the U.S. data, Cullison employs Vector Autoregression (VAR) method 

to trace the responses of economic growth rate over time to the changes of the 

spending in different government programs. The study fmds that the government 

spending on education and labor training have substantial impact on the future 

economic growth rate. It is important to note that these spendings directly affect the 

human capital rather than the physical capital. 

While theories provide important insights to the workings of the economy, it is 

helpful to extract useful information from the data. I try an empirical investigation of 

the effects of various government spendings on economic growth rate using Korean 

data. Different methods are used to fmd robust results. In particular, efforts have 

been made to identify important government spending programs. 

Overall, this thesis presents a useful and effective blend of insights about 

macroeconomic business fluctuations and the effects government expenditure on 

economic growth in Korea. 
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Chapter I. MACROECONOMIC FLUCTUATIONS 
IN KOREA; AN EMPIRICAL TEST OF 
THE KEYNESIAN MODEL 

I.1 INTRODUCTION 

Traditional Keynesian AD-AS framework has been criticized of not only being 

theoretically flawed but also of being empirically flawed. In this chapter, I try to 

investigate whether the joint behavior of key Korean macroeconomic variables is 

consistent with the traditional Keynesian interpretation of macroeconomic business 

fluctuations avoiding the empirical shortcomings such as estimation under strong and 

incredible identification restrictions (Sims, 1990). 

I set up a five-equation VAR model of aggregate output, the unemployment 

rate, the aggregate price level, the money supply, and the real exchange rate. In 

general, a wage setting equation is included in the macroeconometric VAR model. 

But, I assume that wage setting is embedded in the price setting equation, because the 

price setting equation and the unemployment equation should reasonably capture the 

dynamics of the wages, as is normally treated in standard Keynesian analysis. 

Because Korea is an open economy, the system of equations includes the equation for 

the real exchange rate. As is often the case for East Asian countries, exports have 

been a major source of economic growth in Korea. If the effect of trade can be 

incorporated into the model, it would be through the real exchange rate and its 

interaction with other key macroeconomic variables. 
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The rest of the Chapter I is structured as follows. Section 1.2 describes the 

econometric methods and lays out the basic approaches, which are the standard Vector 

Autoregressive (VAR) method in application to dynamic adjustment following Sims 

(1980), and structural VAR method following Bernanke (1986) and Sims (1986). In 

particular, the impulse response analysis, the decomposition of forecast error variance, 

and Granger-causality test methods are explained. Section 1.3 reports empirical 

fmdings based on the standard VAR method. To check the robustness of the results, 

the empirical results of structural impulse responses and decomposition of forecast 

error variance based on the structural VAR are also reported. Both VAR methods 

show that the joint behavior of the key macroeconomic variables in Korea can be 

viewed as resulting from the dynamic transmission of demand and supply shocks 

through the mechanism described in typical Keynesian model. Section 1.4 concludes 

the study. 

1.2 ECONOMETRIC METHODS 

1.2.1 Stationary VAR model 

To motivate the structural analysis using VAR, I start with some of the 

important concepts in the VAR process. The following is the VAR(p) model in a 

structural form 
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BY t'ao+B(L)Yr-i /Yr (1)
V(Wt) =D, 

where y,=(yi yk) is a (k xl) random vector, W, is the vector of innovations to the 

structural disturbances, (Wm Wk)', the covariance matrix of W, (i.e. D) is diagonal 

on the assumption of zero correlation across innovations, ac, is vector of intercept 

terms, B(L) is a matrix polynomial of order p, B is matrix of full rank and has 

diagonal elements of unity by normalization. 

Contemporaneous interactions are captured by matrix B. Premultiplying both 

sides of (1) by 134 gives the reduced form associated with the structural model. 

(2)Yt=B -lao+B-1BMYt-i+13-1Wo 

defining matrices in a appropriate way 

yt=v+A(L)yt_i+ut 
(3)yt=v+Alyt_i+...+Apyt p+ut 

where the A, are fixed (K xK) coefficient matrices, v = ' is a fixed (K x1) 

vector of intercept terms allowing for the possibility of nonzero mean E(y). Finally, 

u, = ziKd' is a K-dimensional reduced-form residuals such that E(u) = 0, 

E(utur) =Eu, and E(1.0,9 = 0 for s # t. The covariance matrix L is symmetric and 

positive definite. 

From equation (2) and (3), reduced-form residuals are related to structural 

innovations by 

B-IWt=ut. (4) 
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The reduced form (3) summarizes the sample information about the joint process of 

the y variables. To go from the reduced form to the structural model, one needs a set 

of identifying restrictions on B. Given these restrictions, one can recover the 

structural equations as well as the structural innovations. 

Now, let us start to check the characteristics of VAR(p) process in reduced 

form. Any VAR(p) process can be written in VAR(1) form. More precisely, if y is a 

VAR(p) as in equation(3), a corresponding Kp-dimensional VAR(1), 

Yt=V+AYt_i+Ut, (5) 

can be defined, where 

Al A2 Ap -1 Ap 
Yr 1K 0 0 0 

0 (6)Yt-1 
,V= ,A:= 0 IK 0 0Yr:= 

0
Yt-p+1 

0 0 IK 0 

(Kp xl) (Kp xl) (Kp xKp) 

ut
 

0 
Ut: = (7) 

0 

(Kpxl) 

A stochastic vector process Y, is covariance stationary if its first and second moments 

are time invariant. In other words, a stochastic vector process Yr is covariance 
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stationary if 

WAY)=11, (8) 
V t, 

and 

(ii)ET(Yr- u)(Ye_h -1.)1 =r(h)=r,,(-h)1 
(9)Vt = 0 4,2,...
 

Vh =0,1,2,...
 

where Ty(h) represents h-th order autocovariance. Since covariance stationarity 

implies stability, the covariance stationarity condition is often referred to as stability 

condition in the time series literature. (Lutkepohl, 1993) 

Alternatively, the VAR (1) in equation (5) is covariance stationary if 

(10)det(I kp-Az) *0, for Izi 1, 

In this case, its mean vector is 

p.: =E(K)= (I kp-A)-1v , 

and the autocovariances are 

00 

ry0)=E A ii +iZ u(A i)/ (12) 
=o 

where E .:E(UtUti). 

Using the (K xKp) matrix 

(13)J: =[I KO...0], 

the process y, can be obtained as y f--=.1Y t. In this case, since Y, is a well-defined 
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stochastic process, y, is also a well-defined stochastic process. If we use the matrices 

.7, we can get mean and autocovariance of yt easily. Its mean is E(y ) =Ju which is 

constant for all t and the autocovariances Py(h)=Jry(h).11 are also time invariant. 

Also, it is easy to see that 

(14)det(Ikp -Az) = det(IK -A -A pz"). 

The process (3) is covariance stationary if its reverse characteristic polynomial has no 

roots in and on the complex unit circle. Formally y, is covariance stationary if 

(15)det(I k-A ... -A pzP) #0, forlzkl. 

Or equivalently, the process (3) is covariance stationary if the eigenvalues of the 

matrix A are less than 1 in absolute value. That is, 

(16)!Id -A2A,P -Ap _12L -A 1,1=0, 

Ihas roots Ais such that <1, for i=1,2,...p 

In conclusion, it can be said that y, is a covariance stationary VAR(p) process 

if (15) holds and 

00 

(17)y t=J1' ,=Jp. +JE A iU 
i=o 

If it is assumed that u, is Gaussian white noise, that is u, N(0,2;,) for all t and u, and 

us are independent for s4, then it can be shown that y, is a Gaussian process, that is, 

subcollections have multivariate normal distributions for all t and h. 

http:Py(h)=Jry(h).11
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VAR(1) representation of the VAR(p) process that we have considered is 

(18)
Yr=11+AYt-i+Ut. 

Under the covariance stationary assumption, the process Y, can have a vector moving 

average representation (VMA) 

CO 

(19)Yt=p, +E A iUt_i, 
i=o 

where Y, is expressed in terms of past and present error of innovation vectors U, and 

the mean term 1.t. Moreover, an MA representation of y, can be found by 

premultiplying by the matrix J := [IK 0...0] 

(20)+E JA iJIJUfri= +E 
i.0 i.0 

here := fp, :=JA`f and, due to the special structure of the white noise process 

U we have LI, = J'JU, and JUi=ut. Since the A' are absolutely summable, the same is 

true for the Or 

The representation (20) provides a possibility for determining the mean and 

autocovariances of yr: 

(21)Ayd =11, 
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and 

COh-1 00 

ry(h)=E(y,--1-0(Yt-h-01=E(> c I )ilit-i+E (N.Izit-h-i)(E cDzlit-h-di 
i=o i=o i-o (22) 

CO 

=E oh+LE.0,. 
i=o 

Recall that E (utur) = Eu and E (utus) =0 for s#t. It means that the residual 

term may be contemporaneously correlated. But, we can have another VMA 

representation of process (3) based on the uncorrelated vector white noise. This time, 

the errors are uncorrelated across the equations. This kind of VMA representation is 

very useful for structural analysis of VAR. To derive this kind of VMA 

representation, first, let us check the properties of a real positive definite symmetric 

matrix Z. Any positive definite symmetric (k xk) matrix ii, has a unique 

representation as followings. 

E --zDzi, (23) 

where 

1 0 ... 0 

Z21 1 0 0 

1 (24)Z= Z31 Z32 0 

Zkl Zk2 Zk k-1 1 

lower triangular matrix, 
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0dll 

d22 (25)D= 

0 kk 

diagonal matrix. 

In fact, the elements in Z and D are all represented by the elements in 

Secondly, the knowledge about Choleski factorization of Eu is needed. 

Define 

(26)D1/2= 

Then, from (23) 

E =ZD1/2131/2Z I =(ZD1/2)(ZD1/2)1 = PP (27) 
where P =ZD1/2 

This implies that 

1 fd-171
 

z21 1
 Z2107-1 C\11722 (28)P EZD 1/2 = 

Zkl Zk2 1 ex, 

lower triangular matrix 
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Now, define W, = u then equation (20) can be written as 

Yt +E 'II (29)
i=0 i=0 

where E(W:147,1)=E(Z-lututl(Z-1),_z-iEuv-1y=z-1zu(Z')_1 =D. 

The expression (29) is particularly important when we want to find the effects W,, on 

yt (or equivalently, the effects of W, on y,) 

1.2.2 Structural Analysis with VAR Models 

Since VAR models represent the correlations among a set of variables, they are 

often used to analyze aspects of the relationships between the variables of interest. In 

the discussion of VAR analysis, there are 3 most popular techniques that are being 

used for the structural analysis. They are Granger-Causality Test, Impulse Response 

Analysis, and Forecast Error Variance Decomposition. Brief explanation and the use of 

these techniques are now discussed. 

1.2.2.1 Granger-Causality Test 

Granger causality means that x, is a Granger cause of zt if z, can be predicted 

better with the use of information on past x ceteris paribus. For the formal 

representation, let Q, be the information set containing all the relevant information 

available up to and including period t and let z,(17\4) be the optimal (minimum MSE) 
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h-step predictor of the process z, at origin t, based on the information in Qt. Then, the 

corresponding forecast mean square error (MSE) will be denoted by Efh\f2t). 

The process x, is said to cause zt, in Granger's sense, if 

Ez(h I Ot)<Ez(h t\[xsIst]) (30) 
for at least one h=1,2,.... 

In other words, if zt can be predicted more efficiently with the information in 

the x, process rather than without it, then x, is Granger-causal of zt. 

Suppose K-dimensional VAR process y, has the canonical MA representation 

00 

(31)yt=p,+E (Diut_i=,+O(L)ut,00=IK, 
1=0 

where ut is a white noise process with nonsingular covariance matrix 21. Suppose that 

y, consists of the M-dimensional process ; and the(K-M)-dimensional process x, and 

the MA representation is partitioned accordingly, 

c12(L) (32) 
yt= 

xt [12 021(L) 022(1d) 1121 

Now, let us check the characterization of Granger-Noncausality. xt is not Granger-

causal for ; if and only if 

5.(2,\{x, Is <t} is the information set except the information related to the x, process. 
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z,(1 I[y5IsA)=z,(1 [z5 IsA)<=412,1 =0 (33) 
for i=1,2,.... 

It provides a necessary and sufficient condition for x, being not Granger-causal for z, 

that is, zt is not Granger-caused by xt if and only if c1)12= 0 for i=1,2,.... Thus 

Granger-noncausality can be checked easily by looking at the MA representation of y1. 

Since a test of causality is whether the lags of one variable enter into the 

equation for another variable and we are mostly concerned with VAR processes it is 

worth noting that for a stationary, stable VAR(p) process 

zt v1 A11,1 Al2,1 Zr -1 

yr= 
Xtl v2 A21,1 A22,1 xt-1 (34) 

A11,p Al2,p1 Zt -p Ult 
+ + 

A 112t21p A22p Xt-p 

The condition (33) is satisfied if and only if A 12., = 0 for i=1,...,p. Namely, variable x, 

does not Granger cause variable z, if all coefficients of the polynomial A 12(L) can be 

set equal to zero. It can be easily tested by using F-test or x2-test.6 

6For bivariate VAR (p), zt- + a1z,1 +apz tp+131x,_, flpx + ult. 
=f3p=0. Let residual sum of squares without restriction be RSS1 andHo; 131=P2 

residual sum of squares with restriction be RSS0, then F-statistic 
S1 = {(RSS0-RSSI)/p}/{RSSI/ (T-(2p+1))} -F(p, T-2p-1) or x2-statistic pS1, -x2(p). 
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1.2.2.2 Impulse Response Analysis 

In applied work, it is often important to determine the impact of one variable 

upon another. In this case, if we use impulse response analysis technique, the 

response of variable j to a unit shock in variable k can be depicted graphically to get a 

visual impression of the dynamic interrelationship among variables within the system. 

The following vector moving average(VMA) representation is an essential 

feature of impulse response analysis in that it allows one to trace out the time path of 

the various shocks on the variables contained in the VAR system. [Sims (1980) and 

Bernanke-Sims (1986) ] 

00 

(35)
Yr' µ +E 

i=o 

That is, the row j, column k elements of t identifies the consequences of a 

one-unit increase in the k-th variable's innovation on the j-th variable at i periods ago, 

holding all other innovations at all periods constant. 

But, because residuals in the reduced form (i.e. the forecast error) are 

contemporaneously related, namely E(utut2=Z, in general, is not a diagonal matrix, we 

need to identify the orthogonal (uncorelated) innovation in structural form. Namely, 

when there is a correlation of the forecast error terms, a shock in one variable is likely 

to be accompanied by a shock in other variables. So, we have to change equation (35) 

to equation (36) by using orthogonal structural innovation terms. That is, 
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(36)
Y t= +E 31B-1Wt-i, 

i=0 

where the component of W, = (W11. Wk)' are uncorrelated across the equation and 

the covariance of W, is diagonal. However, this methodology such that variable y1 is 

expressed in terms of past and present orthogonal structural innovations is not 

available without an identification restriction because estimated VAR (reduced form) is 

underidentified. Knowledge of the various A , and variance/covariance matrix E. 

system are not sufficient to identify the primitive structural system. So, we must 

impose an additional identification restriction on the VAR system in order to analyze 

the impulse responses through the identification of structural innovations. Sims (1980) 

uses ordering of variables which is called Choleski decomposition as an identification 

restrictions. But, Bernanke (1986) and Sims (1986) use economic theory rather than 

the Choleski decomposition as an identification restriction to recover structural 

innovations from the residuals in reduced form. 

Suppose we are following the Sims' (1980) methodology, then we restrict the 

matrix B as matrix that is, when all elements above the principal diagonal of the B 

matrix are restricted to zero, we can recover following VMA representation based on 

orthogonal structural innovations.' 

w ,=P1 W, 

OiZD'=40,1)=0;. 
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CO COCO CO 

yt= +E 0,3-1Tve_i= p. +E oizwt_i=,+E oipp-lut=,+E eiwt_i (37) 
1=0 i =0 1=0 i =0 

The VMA representation of equation (37) is an especially useful tool to examine the 

interaction among the variables in VAR system. The elements of the 6 are interpreted 

as responses of the system to an innovation of size one standard deviation in each 

variable. More precisely, the jle-th element of 6, 90, is supposed to represent the 

effect on variable j of a unit innovation in the k-th variable that has occurred i periods 

ago. So ,6'jk, is to be interpreted as a impact multiplier to represent the instantaneous 

effect on variable j of a unit innovation in the k-th variable. The accumulated effects 

of unit impulse in wkt can be obtained by the appropriate summation of the MA 

coefficients. Namely, 2,48k are accumulated responses of the variable j over n 

periods to a unit shock in the k-th variable of the system. This is sometimes called 

n-th interim multiplier. Letting n approach infinity yields the long-run multiplier. The 

k2 set of coefficients Ojk,, are called the impulse response functions. Plotting the 

impulse response function (i.e. plotting the coefficients of OA, against i) is a practical 

way to visually represent the behavior of variables to the various shocks. 

In the discussion of an identification restriction, there are 2 applicable 

techniques that derive orthogonal structural innovation terms from forecast error terms. 

They are Choleski decomposition and Bernanke -Sims procedure. Brief explanation 

about these techniques are now discussed. 

Choleski decomposition or Choleski factorization means decomposing the 

residuals in the triangular fashion. Recall the VAR(p) model in structural form as in 
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equation (1) and VAR (p) model in reduced form as in equation (3). The problem is 

to take the observed values of us and restrict the system so as to recover structural 

innovations W, as W, = Bus. However, the selection of the various bif cannot be 

completely arbitrary. The identification restrictions should not only recover the 

various {Wk} but also preserve the assumed error structure concerning the 

independence of the various {Wk} shocks. Given that the diagonal elements of B are 

all unity, B contains k2-k unknown values. In addition, there are the k unknown 

values of variance (Wk) for a total of k2 unknown values. In order to identify the k2 

unknowns from the known (k2 +k)/2 independent elements of emu, it is necessary to 

impose an additional (k2 -k) /2 restrictions on the system. 

Choleski decomposition requires all elements above the principal diagonal of 

the B matrix to be zero. Namely, B matrix is restricted to lower triangular matrix 

under Choleski decomposition condition. In this case, B"' is also lower triangular 

matrix. 

b12=1213=b14 

b23 =b24 =b2k =0 (38) 
b34 

bk-ik =0. 

In relation to the representation of VAR (p) process, this implies that the first 

equation contains no instantaneous y's on the right-hand side. The second equation 

may contain yl, and otherwise lagged y's on the right-hand side. More generally, the 

k-th equation may contain y,... yk_1,, and not on the right-hand side. Thus, if 

it reflects the actual ongoings in the system, ysi cannot have an instantaneous impact 
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on yk, for k < s. This model is called a recursive model and this kind of ordering of 

variables is called as wold-causality (Lutkepohl, 1993) because Herman Wold has 

advocated these models where the researcher has to specify the instantaneous "causal" 

ordering of the variables. 

Now, let us check the relationship between the residuals in reduced form and 

structural innovations in structural form. Recall that = ZDZ' (when D is diagonal 

matrix and Z is lower triangular matrix) and FV,=Z-1 ut (when E(F V ,W,2=D). If we 

regard Z is the same as B1 which is also lower triangular, the following holds 

W t=Z -1u t=Bu 
(39) 

u t=ZW t=B -1wt. 

Namely, 

-11 0 0- 1 0 0 
Wit Wit ult 

1 0 0b21 Z21 1 

Wet Wet u2t
b31 b32 1 0 Z31 Z32 1 0 (40) 

Wkt 
1 Zklbk/ bk k-1 

So, Wit-----uiczi/ult-zi2u2t.-zii_ Starting from Wit Jr W2t,W3t Wkt can be 

recursively determined. 

Bernanke (1986) and Sims (1986) proposed modeling the innovation by using 

economic analysis. They tried to use economic theory or a previous related empirical 
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studies instead of Choleski decomposition as an identification restriction to recover the 

structural innovations from the residuals in reduced form. 

Sims (1986) obtained the impulse response functions using Choleski 

decomposition. Even though some of the impulse response functions had reasonable 

interpretations, the response of real variables to a money supply shock seemed 

unreasonable. The impulse responses suggested that a money supply shock had little 

effect on prices, output, or the interest rate. Sims proposed an alternative to the 

Choleski decomposition that is consistent with money market equilibrium, based on 

economic theory. This kind of identification restriction for B matrix has an advantage 

in that it is based on the economic theory. Since Bemanke-Sims procedure should be 

based on the particular economic situations as well as economic theory, it will be 

explained in detail related to economic situations in the empirical results section. 

12.2.3 Forecast Error Variance Decomposition 

The MA representation with orthogonal white noise innovations offers a further 

possibility to interpret a VAR(p) model. In terms of the representation' 

8Under Choleski decomposition of Eu 
= ZDY:DY:Z1= PP' where P----ZDY2 

Define w = Pitt, = av:Z-lut=D"'W, then wit is Wi/Vdit . 
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03 

Yt=II+E eiwt_i (41) 
1=0 

with Zw=lic, 

the error of the optimal h-step forecast is 

h-1 h-1 h-1 
(42)Yr+hY t(h)=E oiut+h-1=E oiPP-lut+h_i=E 

i =0 1=0 1=0 

Denoting the jk-th element of G', by Ojk,, , the h-step forecast error of the j-th 

component of yt is 

h-1 

Yi,t+h37.1,t(h)=E (0,,,wi,r+h_i+"+exiwic,t+h_i)
i=0 (43) 

=E (0fic,0wict+h+-+eft,h-iWk,t+1)* 
k=1 

Thus, the forecast error of the j-th component potentially consists of innovations of all 

other components of y, as well. Of course, some of the q,, may be zero so that the 

innovations of some components may not appear. Since the wk, are uncorrelated and 

have variance one, the MSE of yjlh) is 

Therefore, 

(44)
E(Y.i,t+h-Yi,t(h))2=E (e./2*,0+ +8,21,h -1). 

k=1 

h-1
 
pi2 n2 n2
 (45)
`'.fic,04-vjk,1+... + vjk,h-1=E (eie 1)2
 

i=i
 

is sometimes interpreted as contribution of innovations in variable k to the forecast 
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error variance or MSE of the h-step forecast of variable j. Here ek is the k-th column 

of 'K. Dividing (45) by 

h-1 K 
2 (46)MSE[yjt(h)] =E E Ofki, 

i=0 k=1 

gives 

h-1 

wok =E (ei.0ek)2IMSE[yj,t(h)] (47) 
1 5 

i=0 

which is the proportion of the h-step forecast error variance of variable j accounted for 

by innovations in variable k. This way the forecast error variance is decomposed into 

components accounted for by innovations in the different variables of the system. 

1.3 EMPIRICAL RESULTS 

1.3.1 The Empirical Model 

I use a five-variable VAR model of the Korean Economy using quarterly data 

over the period 1974 :1 to 1994:4. The variables included are real GDP, 

unemployment rate, consumer price index, quasi-money (M2), and the trade-weighted 

real exchange rate. I use real GDP for output and the consumer price index for the 

price level. The definition of quasi-money (M2) is used for money. Finally, the real 

exchange rate is the trade-weighted real exchange rate against Japan and the U.S., who 

are the most important trading partners with Korea. 
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Table 1.3.1 Macroeconomic variables observed for the analysis 

Korean Won, % 

variables usage mean standard error 

real GDP(Billions) output 31532.5238 14545.4309 

unemployment 
rate (%) 

unemp
rate 

loyment 3.5143 1.1259 

consumer price 
index (CPI) 

price level 71.9548 32.4445 

quasi-money 
(M2)* (Billions) 

money supply 27348.4845 26759.1195 

trade-weighted 
real exchange 
rate* * 

real exchange rate 4.7921 0.1338 

* Ml; coin plus currency plus demand deposits. 
M2 (quasi-money); M1 plus saving and time deposits 

** trade-weighted real exchange rate = 

[exchange rate index x {WT1xUCPI + WT2 xJCPI}]/KCPI 

where KCPI, UCPI, and JCPI are the consumer price index for Korea, U.S.A., and 

Japan, respectively. WT1 and WT2 are Korean trade weights with U.S.A., and 

Japan respectively 

The data are taken from the International Financial Statistics and Economic 

Statistics yearbook from the Bank of Korea. 
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Our basic model in structural form is9 

BYt=ao+alYt-i+agt-2+a3Yr-3+a4Yr-4+wr (48) 
V(wt) 

Premultiplying both sides of (48) by B-1 gives the reduced form associated the 

structural model 

=p-1, , , +p-1, +1Q-1., (49)-Yt " "0-r" Vt-1 t-2 "3Yt-3-r." "'4-7 t-4 " 

Defining matrices in a appropriate way, our basic model is following VAR (4) Model 

Yt =v+AlYt-i+A2-Yr-2+A3Yr-3+A4Yr-4+ut (50) 
t=0,±1,±2,.... 

where the A, are fixed (5 x 5) coefficient matrices, v = (v1,..., v) is fixed (5x1) vector 

of intercept terms. Finally, of = (uir.u5) is 5-dimensional white noise process, that is, 

E(u) =0, E(u, uc )=21, and E (icy for sit. The covariance matrices Iu is 

assumed to be nonsingular. The variables are defined in Table 1.3.2. 

The ordering of the variables in the VAR system is entirely consistent with 

previous related literature, including Blanchard (1989), Sims (1986), Bemanke(1986), 

and Millineux et.al (1993). The output or the innovations in the output is considered 

the most exogenous variable and the real exchange rate is the most endogenous 

variable because all economic conditions affect the real exchange rate. The 

unemployment rate and the price level are considered supply-related and more 

9w i=Priut=D'Z-lut=aql r, So V(w) = 14, namely, it is normalized. 
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exogenous than the money supply which responds to changing macroeconomic 

conditions in the economy which have sometimes target zone. 

Table 1.3.2 Macroeconomic variables directly used for the analysis 

variables definition mean standard error 

seasonal difference 0.0752 0.0421Yrt
 
of the logarithm of
 
the real GDP
 

seasonal difference -0.0838 0.6167Y2t 
of the 
unemployment rate 

seasonal difference 0.0948 0.0710Y3t 
of the logarithm of 
the price level 

seasonal difference 0.2090 0.0682Y4t 
of the logarithm of 
the money supply 

Y5t	 logarithm real 4.7921 0.1338 
exchange rate: In 
(ep*/p) 

* p is domestic price level and p* is the trade-adjusted foreign price level 

While it is true that many macroeconomic time series are most likely to be unit 

root processes, I take the seasonal differences of the four series for the following 

reasons. First, Bank of Korea does not seasonally adjust the series. Second, seasonal 

difference of the log of a series refers to a annual rate of change which becomes 

stationary in most applications. The use of rate of change is consistent with Blanchard 
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Bernanke (1986), and Sims (1986). Since the real exchange rate is not seasonally 

adjusted, seasonal dummies are included in the VAR analysis. It is conventional10 to 

include 4 lags in the quarterly data VAR analysis in consideration of loss of degrees 

of freedom, and Sims' log likelihood test (1980) confirms that the 3 lags are 

overwhelmingly rejected (p<.001)." 

1.3.2 Granger-Causality Test 

A simplest kind of Granger-Causality test is implemented. Although Geweke, 

Meese, and Dent (1983) and Sims (1972) suggest slightly different kinds of causality 

test, Granger's (1969) original method has been widely accepted. 

mThe tests are restricted to 4 lagged value because short span of the available 
quarterly data necessitates economizing on degrees of freedom-the shortage of degrees 
of freedom being especially acute for the VAR analysis. As a result, Sims (1986) 
uses 4 lagged value and Blanchard (1989) use 3 lagged value. 

11 Sim's log likelihood ratio (T-C)(log 11,, 1-log 12:1)x2 ( # of restrictions of the 
system), where2 and Er are the variance /covariance matrices of the unrestricted and 
restricted system, respectively, T is number of observations, C is number of 
parameters estimated in each equation of the unrestricted system. 
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In our model , 

z t V1 A11,1 A 1 5 , 1 ;-1 
= 

yt= 
xt V5_ A51,1 Xt -1_A55,1 (51) 

A15,4 UltA 11,4 
Zt -4 

A51A A55 Xt-4 U5t 
_ 

{x,} does not Granger cause {z1} if and only if all the coefficients of A 15,1 for i =1,...,4 

are equal to zero. The direct way to determine Granger Causality is to use a standard 

F-test of the followings: 

Ho; A15,1 15,2=A 15,3:=14 I5,4° 

If all coefficient of the polynomial Ask.; can be set equal to zero, variable k does not 

Granger cause variable j. The test results are reported in the Table 1.3.3. 

Table 1.3.3 shows that output is Granger caused by price level (price), 

unemployment (unemp) is Granger caused by output and the real exchange rate (rex), 

price level is Granger caused by output, the real exchange rate is Granger caused by 

money at the level of 5% significance. The overall fit looks good judged by .k2 and 

any serial correlation among errors does not seem to be significant judged by Durbin-

Watson Statistics (D-W). Although Granger-causality tests show which variables 

influence others, they do not show the direction of their influence (positive or negative 

or mixed). The responses of the variables to a shock in a variable are shown in the 

impulse response analysis. 
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Table 1.3.3 F-test statistics on Granger-Causality12 

ExpVar output unemp price money rex R2 D.W 
DepVar 

output 3.79* 0.88 4.03* 1.51 1.17 0.52 1.95 
(0.01) (0.48) (0.01) (0.21) (0.33) 

unemp 3.77* 2.97* 0.65 0.19 2.84* 0.49 1.73 
(0.01) (0.03) (0.63) (0.94) (0.03) 

price 3.01* 1.29 42.78* 1.93 1.05 0.95 1.72 
(0.03) (0.29) (0.00) (0.19) (0.39) 

money 0.94 1.49 0.15 24.57* 1.08 0.85 1.80 
(0.45) (0.22) (0.96) (0.00) (0.38) 

rex 0.59 0.92 1.00 3.16* 49.81* 0.97 1.97 

(0.67) (0.46) (0.41) (0.02) (0.00) 

significance level in parentheses 
* 5% levels of significance 

1.3.3 Standard VAR Analysis 

1.3.3.1 Impulse Response Analysis 

Figures 1.3.1 through 1.3.5 display the responses of real output, unemployment 

rate, price level, money supply, and real exchange rate to a one standard-deviation 

shocks to each macroeconomic variable. The response is described below. 

12Unemp and rex stand for unemployment rate and real exchange rate respectively. 
These abbreviations will be used hereafter in tables and figures, if necessary. 
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The Output Shock - A shock to output is considered an aggregate supply 

shock, which captures exogenous events which permanently affect the level of real 

GDP. Some candidate observable events are negative energy shocks, increase in 

productivity, and regulatory easings. As is clear in the specification of the VAR, any 

shock coming into the output equation is an innovation after all the demand variables 

(including money and real exchange rate) contributed to the determination of output. 

When there is a favorable shock to technology, the production function shifts upward. 

In addition to this upward shift, the positive shock to technology lets the production 

function become steeper for any level of the production input. Since the slope of the 

production function is the marginal product of the production factor, the positive 

technology shock tends to increase marginal productivity of the factors of production.. 

So, even at the same level of the factor input, this would cause a rise in output. 

Therefore, a positive one-standard-deviation output shock increases unemployment rate 

initially but, over time, decreases unemployment rate and price level. It is an 

anticipated result because an increase in output leads to a higher employment rate over 

time, and increased output tends to reduce the price level. Since real exchange rate is 

represented as ln(ep* 1p), (where p* is the trade-adjusted foreign price level) and p 

decreases in this case, ln(ep* 1p) is expected to rise. It is confirmed in the impulse 

response analysis. Since aggregate supply shocks move output and prices in opposite 

directions, that is, in this case, a positive aggregate supply shocks results in price 

decreases associated with increases in output, this result is consistent with standard 
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AD-AS analysis and provides the strong support for the traditional Keynesian 

interpretation of macroeconomic business fluctuation. [Figure 1.3.1] 

Figure 1.3.1 Plot of responses to REAL OUTPUT 

Plot of Responses To REAL OUTPUT 
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* M2, UNEMP.RATE, and REAL EXCH.RATE mean money supply, 

unemployment rate, and real exchange rate, respectively. 

An Unemployment Rate Shock - A positive one-standard-deviation 

unemployment rate shock decreases output. An increase in the unemployment rate 

leads to declines in output. As output decreases, the price level rises temporarily. As 
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a result, the real exchange rate goes to the weak position. Blanchard (1989) calls 

unemployment shock as negative productivity shock. Unemployment rate shock which 

can be regarded as negative productivity shock, consequently negative supply shock 

results in price increase associated with decrease in output. That is, in this case, 

negative supply shocks (i.e. positive unemployment rate shocks) move output and 

prices in opposite directions. Therefore, this result is consistent with standard AD-AS 

analysis.[Figure 1.3.2] 

Figure 1.3.2 Plot of responses to UNEMP.RATE 
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A Price Level Shock - A positive one-standard-deviation price shock leads to 

temporary decrease in output and temporary increase in unemployment rate. 

According to the traditional Keynesian model, the quantity of labor supplied is a 

function of expected real wage (wipe). In other words, an increase in the money wage 

(w) for a given value of the expected price level(pe) would increase labor supply and 

an increase in the expected price level will cause labor supply to decline. Usually, the 

laborers' expected price level depends on the past behavior of prices and, hence, is 

given in the short run. Over time, however, as new information is received, the 

workers will adjust their price expectation. 

When there is a positive one-standard-deviation price shock, as a result of 

observed increases in the aggregate price level, workers' expectation of the current 

price level rises. Accordingly, the labor supply schedule would then shift to the left 

because less labor will be supplied at each money wage with the higher expectation 

about the aggregate price level. The shift in the labor supply schedule will reduce 

employment. Consequently the aggregate supply schedule shifts to the left. So, under 

the condition of no change in aggregate demand schedule, the shift of aggregate 

supply schedule to the left results in reduction in output, increase in unemployment 

rate and increase in price level. An increase in the price level increases the 

expectation of price level and puts upward pressure on the wages through labor union 

and as a result output declines as firms lay off workers. Particularly, the Korean 

economy had experienced a persistent inflation, and expectation for higher inflation 

had been widespread. So, speculation in the real estate market has been perceived as 
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option than production when inflation was in progress. As a result, as inflation 

persists, output tends to fall down temporarily. 

An increase in the price level will increase the money value of the marginal 

product of labor corresponding to any level of employment and therefore will increase 

labor demand for a given money wage. The labor demand schedule shifts to the right 

along the labor supply schedule and employment increases. As employment increases, 

aggregate supply increases along aggregate demand. So, under the condition of no 

change of aggregate demand, an increase in aggregate supply tends to increase output 

and decrease unemployment rate. Therefore, in real Korean economy, as 12 quarters 

pass after a price shock, output tends to rise. It is natural that the currency gets 

stronger, as confirmed in the data. [Figure 1.3.3] 

Figure 1.3.3 Plot of responses to PRICE LEVEL 
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A Money Supply Shock - A positive one-standard-deviation increase in the 

money supply stimulates output and leads to an increase in price level by causing 

aggregate demand to increase. An increase in money supply can affect aggregate 

demand. According to the IS-LM model, a rise in money supply leads to rightward 

shift of the LM curve. At the interest-rate and output levels in effect before money 

supply increases, there is an excess supply of money, leading a drop in the interest 

rate. The fall in the interest rate, in turn, stimulates consumption and investment 

spending, causing aggregate demand to increase. How the increase in aggregate 

demand gets divided between higher output and higher prices depends on the shape of 

the aggregate supply schedule. In the classical case, since aggregate supply schedule is 

vertical, price increases will absorb the increase in aggregate demand. But in the 

traditional Keynesian case, the upward sloping aggregate supply schedule drives up 

both output and prices. As a result of increase in output, unemployment rate falls 

down temporarily. 

Also, we can check the long-run effects of a money supply increase. As we 

can see, the effects of the expansion in demand are divided between higher prices and 

higher output. But the price increase shifts the LM curve immediately part of the way 

back to its original position. But in this new situation, since there is more than 

previous employment, with output greater than previous output, nominal wage now 

start to rise, pushing the aggregate supply schedule up and to the left, with the result 

that prices rise and output falls. The shift in the aggregate supply schedule leads to a 

shift in the northwest direction along the aggregate demand schedule, and the level of 
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aggregate demand falls as price rises. That is because the rise in output prices means 

that the LM curve is shifting to the left. Interest rates rise over time as real money 

balances fall, and the rise in interest rates causes a cutback in consumption and 

investment demand. 

A higher domestic price induced by a positive shock in money causes the real 

exchange rate to appreciate ( that is, In (ep * /p) falls), hurting the country's exports and 

increasing its imports, and thereby deteriorating the trade balance. As a result, at 

every interest rate aggregate demand will decline as price rises in terms of the foreign 

trade sector. 

We have seen that a rise in the money supply causes output and prices to 

initially increase while real wages and unemployment rate initially fall in the Korean 

economy. Since actual output is greater than potential output, nominal wages begins 

to rise. Output starts to decline while prices and the real wage (and unemployment 

rate) all increase. Since this money shock is considered an aggregate demand shock 

and, in short run, aggregate demand shocks are shown to move output and prices in 

the same direction and, over time, the effects of aggregate demand shocks are reflected 

mostly in prices, not in output, the impulse response of the output and the price is 

consistent with Keynesian AD-AS framework. [Figure 1.3.4] 
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Figure 1.3.4 Plot of Responses to M2 
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A Real Exchange Rate Shock - Since Korea has, in the past, depended heavily 

on exports for economic growth, the effect of the real exchange rate has been very 

important. Following a real depreciation, Korean exports became more competitive in 

world markets while imports become relatively more expensive in Korea. As a result, 

the trade balance improved and, therefore, aggregate demand increased at every level 

of the interest rate. Thus, the IS curve shifted up and to the right and accordingly 

induce a rise in the domestic interest rate. The central bank purchases foreign 
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exchange which increases the domestic money supply; thus, the LM curve shifts down 

and to the right. Consequently, real depreciation is effective in increasing aggregate 

demand. Following a depreciation, output and price jump up initially. 

Overtime, output increases due to the expansion of the export sector which puts 

downward pressures on the price level which had risen slightly because of increased 

demand and an increase in the import price. Eventually, output effects overwhelm the 

price increase effect and the price level declines substantially over time. Output effect 

also leads to a declines in unemployment rate in a year. Expansion in the economy 

eliminates the need for more stimulus in the economy, reducing the money supply. 

[Figure 1.3.5] 

Figure 1.3.6 displays impulse response functions together with one-standard 

deviation bands obtained by Monte Carlo simulations.I3 

"Monte Carlo simulations are performed by setting up a structural model with 
specified values of the structural coefficient matrices. The values of the 
predetermined variables are also specified, and the values of jointly dependent 
variables are generated through the reduced form equations in conjunction with the 
reduced form disturbances that may be generated by a random number generator that 
is consistent with prespecified probability distribution (in this case, normal 
distribution). Many samples of different size are generated and used to estimate the 
structural parameters. As a result, it can produce the confidence interval of point 
estimator. 

http:simulations.I3


43 

Figure 1.3.5 Plot of Responses to REAL EXCH.RATE 
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1.3.3.2 Forecast Error Variance Decomposition 

The forecast error variance decomposition tells us the proportion of the 

movements in a sequence due to its own shocks versus shocks to the other variables. 

In the empirical model, the proportions of the h-step ahead forecast error 

variance of MSE[yit(h)] due to each one of the shocks in the {wk,} sequences are 

h-1 
(52)W. =-' (e AB Be )21MSE[yi,r(h)].Alt k 

i=0 

If wk,, shocks explain none of the forecast error variance of {y./ t} at all forecast 

horizons, we can say that the {yfa} sequence is exogenous. In such a circumstance, the 

{yi,}sequence would evolve independently of the wk, shocks and tyka}sequence. At 

the other extreme, wk, shock could explain all the forecast error variance in the ty.ml 

sequence at all forecast horizons, so the {y11}would be entirely endogenous. 

In applied research, it is typical for a variable to explain almost all its forecast 

error variance at short horizons and smaller proportions at longer horizons. This 

pattern happens generally if wk., shocks had little contemporaneous effect of y., but 

acted to affect the { yi,,} sequence with a lag. Note that forecast error variance 

decomposition contains the same problem inherent in impulse response function 

analysis. In order to identify the {w,} sequence, one has to use the Choleski 

decomposition (ordering of variables) used in the previous impulse-response analysis. 
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With a 20-quarter" forecasting horizon used, the forecast error variance 

decompositions of output / unemployment rate / price / money / exchange rate are 

reported in Table 1.3.4. 

Table 1.3.4 Forecast error variance decomposition (Standard VAR) 

ratio (wik.h) 

forecast forecast innovation innovation innovation innovation innovatio 
error in horizon h in output in unemp in price in money n in rex 

1 1.00 0.00 0.00 0.00 0.00 

4 0.78 0.00 0.09 0.05 0.05 

output 8 0.61 0.04 0.11 0.17 0.05 

12 0.54 0.03 0.10 0.25 0.06 

20 0.52 0.03 0.10 0.27 0.06 

1 0.00 0.99 0.00 0.00 0.07 

4 0.06 0.84 0.01 0.00 0.06 

unemp 8 0.15 0.69 0.02 0.02 0.11 

12 0.13 0.61 0.03 0.10 0.10 

20 0.13 0.54 0.04 0.17 0.10 

1 0.00 0.03 0.95 0.00 0.00 

4 0.07 0.04 0.84 0.03 0.00 

price 8 0.22 0.03 0.53 0.15 0.05 

12 0.19 0.05 0.39 0.23 0.12 

20 0.15 0.05 0.32 0.34 0.11 

1 0.00 0.00 0.25 0.74 0.00 

1420-quarters means 5 years. 5 years is sufficient for us to check long-run 
decomposition of forecast error variance. 
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Table 1.3.4 (Continued) 

4 0.01 0.00 0.20 0.74 0.02 

money 8 0.00 0.01 0.22 0.68 0.07 

12 0.01 0.01 0.23 0.65 0.08 

20 0.01 0.01 0.23 0.64 0.08 

1 0.00 0.07 0.04 0.01 0.86 

4 0.03 0.07 0.21 0.09 0.57 

rex 8 0.02 0.04 0.30 0.33 0.27 

12 0.02 0.03 0.29 0.44 0.21 

20 0.01 0.02 0.28 0.45 0.20 

Output: Most of forecast error variance of the output is attributed to its own 

innovations in the first 4 quarters. After 4 quarters, a contribution by the innovation 

in price level is noticeable. The result is consistent with Granger Causality and 

impulse responses. In long horizons, the money supply shows a strong influence in 

the output. 

Unemployment Rate: The effects of output becomes evident after 4 quarters 

whereas the real exchange rate innovation increases its importance over time. This is 

consistent with Granger Causality and impulse responses. In long horizons, the money 

supply exhibits strong influence in the unemployment rate. 

Price Level: In the first 4 quarters, its own innovations dominate the forecast 

error variance. However, after 4 quarters, the innovation in output and the money 

supply become substantially important. In the long run, the effect of real exchange rate 

is evident, which is another indication that the foreign economy is susceptible to 

foreign sector. 
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Money: It is obvious that even in the short run (in 4 quarters), the effect of the 

price innovation is remarkably high and remains that way over the long haul. Other 

variables remain relatively unimportant. This means that the money supply has been 

managed to acquire price level stability in Korea. 

Real Exchange Rate: It is remarkable that the innovations in price level, 

money, and its own innovation are important throughout the forecast horizon. The 

same phenomenon has been found in the impulse response and in the Granger-

causality tests. Particularly, in the long horizon, money supply is shown to have a 

strong influence on real exchange rate. 

What is more interesting is the long run (20 quarters) results. The effects of 

demand side innovations which include innovation in money and innovation in real 

exchange rate are reflected more prices (and wages) rather than supply side 

innovations. Demand side innovations account for 45 percent of the 20-quarter ahead 

variance of prices, supply side innovations only for 20 percent. The supply side 

innovations which include innovation in output and innovation in unemployment 

(negative mirror image of output innovation) have a more long run effect on output 

and unemployment rate rather than demand side innovations. The supply side 

innovation account for 55 percent of the 20-quarter ahead variance of output and 67 

percent of the 20-quarter ahead variance of unemployment rate, whereas demand side 

innovations only for 33 percent to output and 27 percent to unemployment rate. In 

summary, it means that supply side innovations dominate long run fluctuations in 

output and unemployment rate and that demand side innovations dominate long run 
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fluctuations in prices. This is very much consistent with the traditional Keynesian 

interpretation of fluctuations. 

1.3.4 Bemanke-Sims structural VAR Analysis 

The standard VAR analysis ( Sims, 1980) generates macroeconomic fluctuation 

in Korea, consistent with the implications of the standard Keynesian model. The 

transmission of shocks from various sources produces predictable consequences on the 

other macroeconomic variables. The results from impulse responses, the 

decomposition of forecast error variances, and the Granger causality test are consistent 

with one another and there is little, if any, surprise that may lead policy makers to 

doubt the relevance of the standard implication of the IS-LM / AD-AS / Mundell-

Fleming / Dombusch type model for the Korean economy. 

While the standard VAR results are consistent with the traditional 

macroeconomic business fluctuations, the way the VAR is set up has been subject to 

criticism. In particular, the VAR approach has been criticized for being devoid of any 

economic content. As soon as the set of variables is determined, the procedure is 

almost mechanical. Of course, impulse response analysis and variance decomposition 

requires an ordering of the variables but the selection of ordering is generally ad hoc. 

(Enders, 1995) 

To check the robustness of the empirical results, I try the so-called structural 

VAR approach advocated by Bemanke (1986) and Sims (1986). This structural VAR 
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method is attractive since there is room for economic theory and/or empirical 

regularities to play some role in the analysis. 

1.3.4.1 Impulse-Response Analysis in structural VAR 

Standard VAR uses a Choleski decomposition in order to identify the 

orthogonal impulse-responses. According to the specification in the empirical model, 

the ordering is yi (output) - y2 (unemployment rate) - y3 (price level) - y4 (money 

supply) y5 (real exchange rate). It means that the first variable (output) is the only 

one with a potential immediate impact on all other variables. The second variable 

(unemployment rate) may have an immediate impact on the last 3 components of y, 

but not on y,, and so on. Unless there is a strong theoretical foundation for this 

ordering, it may be that the underlying shocks could be improperly identified. As 

such, the impulse response and variance decompositions resulting from improper 

identification can be quite misleading. Here, the Choleski decomposition is only one 

type of identification restrictions. One could consider a different P matrix's in 

equation (37). Note that a multitude of P matrices with PP' = E could exist. 

oiut_i=+E ipp-lufri=p+E eiwfri1.1 p, 

i=o i =o i=0 

15 
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Bemanke (1986) and Sims (1986) use economic theory16 instead of the 

Choleski decomposition to set up the identification restriction. Following the 

Bemanke-Sims methodology, I set up the identification restrictions based on standard 

Keynesian macroeconomic theory so that I can recover the pure innovations 

(wywnnwp, w, wx,) from the residuals or forecast errors (uynunnuppumpuz,) in the 

standard VAR (reduced form). The goal is to find the effects of pure structural 

innovations(wypw,wp w wx) on the variables (y,...,x) in the model over time. 

The identification restriction of structural VAR for this study is specified as 

follows: 

uyt 0 0 ap a. 0 uyt wyt 

Uut 0 0 0 bm bx uut wut 

Up: Cy 0 0 cm 0 Um Pt (53) 

Unit d 
Y 

0 d
P 

0 0 Umt Wmt 

uxt e 
Y 

0 e
P 

0 0 Uxt wxt 

The innovations in output are considered pure random innovations being partly 

explained by supply side factor (P) and demand side factor (M). The unemployment 

rate is specified as having contemporaneous correlation with the money supply and the 

real exchange rate, following typical Keynesian framework, because the unemployment 

16Blanchard and Quah (1989) impose long run restrictions on the impulse response 
functions to identify the structural innovations. They assume that the aggregate 
demand shock has no long run effect on real GNP. In the long run, if real GNP is to 
be unaffected by demand shock, it must be the case that the summation of related 
impulse response function must be equal to zero. It works as an identification 
restriction. 
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rate could be affected by the money supply and the real exchange rate. The price 

level is contemporaneously related to the output and the money. Expansionary 

monetary policy could have an instant effect on price level through increase in 

liquidity. Also, in short run, increase in output results in the fall in the price level. 

The money responds to the changing conditions, having related to output level and the 

price level. It is reasonable to believe that money is used to target specific output 

level and the price level in the short run. This description is perfectly consistent with 

short run policy making following Keynesian approach. Finally, the real exchange 

rate is responding to the output and the price level. 

Using these identification restrictions, impulse-response analysis had been 

conducted. The Figure 1.3.7 through 1.3.11 display the responses of output, 

unemployment rate, price level, money, real exchange rate following one standard-

deviation shocks in each variables. It is remarkable to find that the impulse-response 

pattern in the Bemanke-Sims structural VAR is quite similar to the case of standard 

impulse-response analysis (under the Choleski decomposition). It turned out that the 

results are robust. 
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Figure 13.7 Plot of responses to REAL OUTPUT 
Plot of Responses To REAL OUTPUT 
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Figure 1.3.8 Plot of responses to UNEMP.RATE 
Plot f Responses To UNEMP.RATE 
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Figure 1.3.9 Plot of responses to PRICE LEVEL 
Plot of Responses To PRICE LEVEL 
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Figure 1.3.10 Plot of responses to M2 
Plot of Responses To M2
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Figure 1.3.11	 Plot of responses to REAL EXCH.RATE 
Plot of Responses To REAL EXCH.RATE 
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1.3.4.2 Forecast Error Variance Decomposition 

Following the same identification restriction used in impulse response analysis, 

forecast error variance decomposition is tried. Table 1.3.5 reports the variance 

decomposition of forecast errors in the structural analysis. The numbers in the bracket 

are from the forecast error variance decompositions of standard VAR analysis, which 

are reported again for the easy comparison with the results from Structural VAR 

analysis. Relatively small fractions of the forecast error variance of money supply are 

accounted for by the innovations in the other variables of the system. The results 

again confirms the findings in the previous standard VAR analysis. The patterns of 

importance in contribution to forecast error variance take quite similar to those found 

in the standard VAR and there is no reason to believe otherwise. 

Table 1.3.5 Forecast error variance decomposition (structural VAR) 

ratio (wik.h) 

forecast forecast innovation innovation innovation innovation innovatio 
error in horizon h in output in unemp in price in money n in rex 

1 0.92(1.00) 0.00(0.00) 0.06(0.00) 0.01(0.00) 0.00(0.00) 

4 0.63(0.78) 0.00(0.00) 0.22(0.09) 0.07(0.05) 0.06(0.05) 

output 8 0.51(0.61) 0.03(0.04) 0.20(0.11) 0.19(0.17) 0.05(0.05) 

12 0.44(0.54) 0.04(0.03) 0.17(0.10) 0.26(0.25) 0.06(0.06) 

20 0.43(0.52) 0.04(0.03) 0.17(0.10) 0.28(0.27) 0.06(0.06) 

1 0.00(0.00) 0.92(0.99) 0.00(0.00) 0.00(0.00) 0.07(0.00) 

4 0.05(0.06) 0.74(0.84) 0.03(0.01) 0.00(0.00) 0.16(0.06) 

unemp 8 0.11(0.15) 0.57(0.69) 0.05(0.02) 0.03(0.02) 0.21(0.11) 
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Table 1.3.5 (Continued) 

12 0.10(0.13) 0.51(0.61) 0.05(0.03) 0.12(0.10) 0.20(0.10) 

20 0.10(0.13) 0.46(0.54) 0.04(0.04) 0.20(0.17) 0.18(0.10) 

1 0.02(0.00) 0.00(0.03) 0.92(0.95) 0.04(0.00) 0.00(0.00) 

4 0.01(0.07) 0.01(0.04) 0.84(0.84) 0.12(0.03) 0.00(0.00) 

price 8 0.16(0.22) 0.03(0.03) 0.55(0.53) 0.19(0.15) 0.04(0.05) 

12 0.16(0.19) 0.02(0.05) 0.29(0.39) 0.40(0.23) 0.14(0.12) 

20 0.12(0.15) 0.02(0.05) 0.29(0.32) 0.40(0.34) 0.14(0.11) 

1 0.00(0.00) 0.00(0.00) 0.08(0.25) 0.91(0.74) 0.00(0.00) 

4 0.01(0.01) 0.01(0.00) 0.06(0.20) 0.87(0.74) 0.02(0.02) 

money 8 0.01(0.00) 0.04(0.01) 0.08(0.22) 0.80(0.68) 0.05(0.07) 

12 0.01(0.01) 0.03(0.01) 0.09(0.23) 0.77(0.65) 0.07(0.08) 

20 0.01(0.01) 0.03(0.01) 0.10(0.23) 0.76(0.64) 0.07(0.08) 

1 0.00(0.00) 0.00(0.07) 0.22(0.04) 0.00(0.01) 0.97(0.86) 

4 0.01(0.03) 0.00(0.07) 0.17(0.21) 0.10(0.09) 0.70(0.57) 

rex 8 0.01(0.02) 0.00(0.04) 0.20(0.30) 0.41(0.33) 0.35(0.27) 

12 0.01(0.02) 0.01(0.03) 0.17(0.29) 0.53(0.44) 0.26(0.21) 

20 0.01(0.01) 0.01(0.02) 0.17(0.28) 0.55(0.45) 0.25(0.20) 

1.4 CONCLUSIONS 

Both standard VAR analysis and structural VAR analysis showed following 

empirical findings in Korean macroeconomic business fluctuations. 

1) A shock to output which is considered as a representative supply side shock 

is shown to decrease the unemployment rate and the price level, that is, a output shock 

results in price decrease associated with increase in output. 
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2) An unemployment rate shock which could result from a negative 

productivity shock, for example, leads to decline in output and rise in the price level. 

Supply side shocks including a output shock and a unemployment rate shock move 

output and prices in the opposite directions in the short run. 

3) A shock to price level leads to temporary decrease in output and temporary 

increase in unemployment rate by increasing the expected price level. But, as 12 

quarters (3 years) pass, the producers recognize the increased value of the marginal 

product of labor and increase labor demanded and as a result, output tends to rise. 

4) A shock to the money supply stimulates output and leads to an increase in 

price level by causing aggregate demand to increase. That is, the money supply shock 

which is considered as representative demand side shock, leads to an increase of 

output as well as the price level. 

5) A shock to real exchange rate (real depreciation) is shown to boost price as 

well as output initially. Over time, output increase due to expansion of export sector 

puts downward pressure on the price level. As a result, price level declines 

substantially. Demand side shocks including a money supply shock and a real 

exchange rate shock move output and prices in the same directions in the short run. 

6) Also, forecast error variance decomposition shows that the effects of demand 

side shocks are reflected more in prices rather than supply side shocks and that supply 

side shocks have a more responsibility for output than demand side shocks, in the long 

run. 
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It is very consistent with the traditional Keynesian interpretation of 

macroeconomic business fluctuation, in that aggregate demand shocks move output 

and prices in the same direction, whereas aggregate supply shocks move output and 

prices in the opposite direction in the short run, and in that aggregate demand shocks 

are reflected mostly in prices in the long run, while aggregate supply shocks are more 

likely to have long run effects on output. 
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Chapter II. THE STRUCTURE OF GOVERNMENT 
EXPENDITURE AND ECONOMIC GROWTH 

II.1 INTRODUCTION 

The recent interesting and remarkable development on endogenous economic 

growth literature provided some insights into how government fiscal policy can affect 

the long run growth rate. One strand of endogenous growth models, the so-called AK 

model, in which a broad concept of capital is not subject to diminishing returns but 

constant returns, can easily be extended to include government activities in the spirit 

of learning-by-doing and spill-over effects, where the changes in the government 

activities amount to shifts in the production function. In the model, various activities 

of government can be viewed as effects on baseline technology, A, and hence on 

economic growth rate. These activities include the provisions of infrastructure 

services, the protection of property rights, and the taxation of economic activity. It is 

important to realize that in the standard neoclassical growth theories, these types of 

government policy changes would affect the steady-state level of per capita output and 

would also affect per capita growth rates during the transition to the steady state 

(Blanchard and Fischer, 1989, So low, 1956, Swan, 1956). Barro (1989) provides an 

excellent survey of neoclassical approach to fiscal policy. 

The long run effects of government activities are treated basically in answering 

the following questions ( Barro and Sala-i-Martin, 1995). First, are government 

services productive in the sense that the economy benefits from bigger government or 
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more government services? Second, are the government services subject to congestion 

in the sense that an individual's decision to expand output congests the public facilities 

available for other production? Obviously, in the second case, the tax on production is 

desirable because it internalizes the congestion. In the first setting, the government 

acts as benevolent provider of facilities or services and the optimal size of the 

government could be discussed in relation to taxation to provide the services. 

It is important to understand what specific government spending programs 

promote or hamper economic growth for policy making purpose. Many of the studies 

have been along this line and most of them are theoretical. King and Rebello (1990), 

Lucas (1990), and Jones, Manuelli, and Rossi (1993) discuss the effects of tax policies 

in the simple endogenous growth models. Barro and Sala-i-Martin (1995) provide a 

comprehensive review of the fiscal policy implications on economic growth both in 

neoclassical setup and in endogenous growth models. 

Munnel (1990) and Cullison (1993) consider the effects of public spending on 

economic growth and identify some of the important spending programs. For 

example, using the U.S. data, Cullison employs Vector Autoregression (VAR) method 

to trace the responses of economic growth rate over time to the changes of the 

spending in different government programs. The study finds that the government 

spending on education and labor training have substantial impact on the future 

economic growth rate. It is important to note that these spendings directly affect the 

human capital rather than the physical capital. 
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In this chapter, I check the long run stable relationship between the various 

government spendings and economic growth rate in Korea. Specially, Transfer 

Function Analysis and Impulse Response Analysis are conducted in order to 

investigate the effect of various government spending on economic growth rate. 

The rest of the chapter II is structured as follows. Section 11.2 reviews so-

called AK model and its extension to include the government fiscal activities. In 

particular, the government fiscal activities are incorporated in the model so that they 

could act as one of the productive inputs to the individual production function. 

Section 11.3 proposes and tests some testable hypotheses based on the theoretical setup 

in section 11.2. In particular, Transfer Function Analysis and Impulse Response 

Analysis are employed. Section 11.4 concludes the study. 

11.2 THEORETICAL BACKGROUND AND THE LITERATURE REVIEW 

11.2.1 Review of AK Model 

The following expositions closely follow on Barro (1990), Barro and Sala-i-

Martin (1992), and Barro and Sala-i-Martin (1995), although there are many other 

useful sources. AK model uses the same setup for the households as in Ramsey 

infmite horizon models but the production side is such that the firms have the linear 
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production function whose marginal product of capital does not face diminishing 

returns and the Inada conditions' are violated. 

11.2.1.1 The Behavior of Households 

The households maximize utility given by 

00 
(1 --1) 

(1)U = f e-(p-n)t dt,
(1 -0) 

subject to 

a = (r-n)a + w c, (2) 

where c is consumption per person, p > 0 is the constant rate of time preference a is 

assets per person, r is the interest rate, w is the wage rate, n is the growth rate of 

population, and a (=da/dt) is the change of the assets per person with respect to time. 

Following the common practice (Barro and Sala-i-martin, 1992 and 1995) this study 

uses u(c) = (c"-1) / (1-0) as utility function, where 0 > 0, so that the elasticity of 

marginal utility [(-u"(c). c)/(u1(c))] equals the constant -0. The intertemporal elasticity 

of substitution of this utility function 'a' is the constant2 and is equal to 1/0. Hence, 

'The marginal product of capital approaches infinity as capital goes to 0 and 
approaches 0 as capital goes to infinity. They are called Inada conditions. 

2Substantial empirical evidence shows that a lies around or below unity (Barro 
and Sala-i-Martin, 1995). 
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this form is called the constant intertemporal elasticity of substitution (CIES) utility 

function. The higher the 0, the more rapid is the proportionate decline in u'(c) in 

response to increase in c and, hence, the less willing households are to accept 

deviations from a uniform pattern of c over time. As 0 approach 0, the utility 

function approaches a linear form in c; the linearity means that households are 

indifferent to the timing of consumption if r = p applies, while as 0 approaches 1, u(c) 

approach log (c). Since the elasticity of marginal utility means the coefficient of 

relative risk aversion and it is constant, this utility function is also called the constant 

relative risk aversion(CRRA) utility function. 

The Non-Ponzi game (NPG)3 conditions are imposed as follows: 

t 
CO 

lim{ a(t)exp[-f [r(v)-n]dv] } z 0. (3) 

From the Hamiltonian, 

(4).1=--u(c)e -(P +vf(r -n)a+w c], 

the conditions4 for optimization are well-known to be 

6 1 
= c = -6(r 1:1), (5) 

and the transversality condition is 

'The present value of assets must be asymptotically nonnegative. That is, a 
household's debt per person cannot grow as fast as r(t)-n so that the level of debt 
cannot grow as fast as r(t). 

4allac=o, v =-dl /car and transversality condition (lim a(t)v(t)=0) 
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lim{ a(t) exp[-f [r(v)-n]clv]} = 0. (6) 

11.2.1.2 The Behavior of Firms 

The firms have the linear production function 

y = itk) = Ak, (7) 

where A > 0. This setup is different from the neoclassical production function in that 

the marginal product of capital (MPK) is not diminishing and the Inada conditions are 

violated. In particular, MPK = A as k goes to zero or infinity. In fact, Barro and 

Sala-i-Martin (1995) show that the property that MPK stays at A is the key element 

that leads to endogenous growth. 

At first, the absence of diminishing returns to capital could look unrealistic but 

not if one interprets k as the capital that broadly encompasses human capital, 

knowledge, public infrastructure, and so on. The conditions for profit maximization 

require that the marginal product of capital to equal to the rental prices: 

R=r+8. (8) 

From the production function, the marginal product of capital is the constant A. As a 

result, 

5R is the rental price for a unit of capital services and capital stocks depreciate at 
the constant rate a. The net rate of return to a household is then R-a. 
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r =A- 8. (9) 

Since the marginal product of labor in the model is zero, the wage rate w is zero.' 

11.2.1.3 Equilibrium 

Assume the economy is closed so that the assets (a) are equal to physical 

capital stock, k (or the claims to it). Using the relations derived above, one can get 

k =(A-8-n)k-c, 

Ye = -kA- 8 P), (10) 

lim [k(t)exp-(A-8-n)t] = 0. 
t 

Assume that the production function is sufficiently productive to ensure the growth in 

per capita consumption but not so productive as to yield unbounded utility: 

A>p+8 >[ (1-0) HA-8-p)+n + 8. 

One can show that this condition implies the growth rate of consumption is positive 

and the attainable utility is bounded and that the transversality condition holds 

(Barro and Sala-i-Martin, 1995). 

'As indicated in Barro and Sala-i-Martin (1995), one could think of this zero wage 
as applying to raw labor, which has not been augmented by human capital. 
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11.2.1.4 Transitional Dynamics 

From the first order conditions, one can show that 

k = (A 8 n)k c(0) exp( )(A 8 p)t, (12) 

which is the first order, linear differential equation in k. From the above differential 

equation and the first order conditions, one can show that the consumption is a 

constant multiple of the capital stock at each point in time, and the growth rate of per 

capita capital stock and the growth rate of per capita consumption are the same. That 

is, 

c(t) = (WO, 
1 (13) 

Y k = Y, = (15)(A P). 

From the production function y=ilk, it is clear that' 

(14)c= Yk Yy' 

As a result, the three variables, per capita consumption, per capita capital stock, and 

the per capita output grow at the same rate. Thus, the model has no transitional 

dynamics of convergence in the neoclassical sense. One can show that the gross 

saving rate is 

7Barro and Sala-i-Martin (1995) 
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1 A- p +en+(6 -1)8s-(k+8K) (Y k+ +n)- (15) 
Y A OA 

The gross saving rate is constant and depends on the same parameters that influence 

the per capita growth rate. 

112.1.5 Determinants of the Growth Rate 

In this AK model, the long run growth rate depends on the parameters that 

determine the willingness to save and the productivity of the capital. Typical 

neoclassical growth models (including the Ramsey infinite horizon model) would 

predict that a greater willingness to save or an improvement in the level of technology 

shows up in the long run as higher levels of per capita capital and output but in no 

change in the per capita growth rate. 

An improvement in the level of technology, A, which raises the marginal and 

average products of capital, also raises the growth rate and changes the saving rate. 

One can imagine that the changes in the various kinds of government policies would 

affect the parameter A. That is, one can generalize the interpretation of the parameter 

A to go beyond literal meaning of it. 
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11.2.2 Models with Learning-By-Doing and Knowledge Spillovers 

11.2.2.1 The Technology 

The key to endogenous growth in the AK model is the absence of diminishing 

returns to the factors that can be accumulated. Romer (1986) used Arrow's (1962) 

setup to eliminate the tendency for diminishing returns by assuming that the 

knowledge creation was a side product of investment. When a firm increases its 

physical capital stock, it also acquires the knowledge of how to produce more 

efficiently. This positive effect of experience on productivity is called leaning-by

doing or learning by investing. 

Consider a neoclassical production function with labor-augmenting technology 

for firm i, 

Yi=F(KpAiLi), (16) 

where L, and K, are the conventional inputs and A, is the index for knowledge 

available to the fi rm. The function F() satisfies the neoclassical properties including 

Inada conditions. It is not assumed that A, grows exogenously at the rate x, as is 

typically the case in the conventional growth literature. For now, assume that the total 

labor force, L, is constant. 

Two assumptions are vital. First, learning-by-doing works through each firm's 

investment. Specifically, an increase in a fi rm's capital stock leads to parallel 

increase in the stock of knowledge. (Arrow , 1962, Sheshinski 1967, and Romer 
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1986). The second key assumption is that each firm's knowledge is a public good that 

any other firm can access at zero cost. Once discovered, a piece of knowledge spills 

over instantly across the whole economy. This assumption implies that the rate of 

change in the technology is proportional to the rate of change in the aggregate capital 

stock. 

If one combines the assumptions of learning-by-doing and the knowledge 

spillovers, then one can replace A, by K in the above equation and write the 

production function for firm i as 

Yi= (17) 

If K and L, are constants, then each firm faces diminishing returns to K, as in the 

neoclassical growth models. However, if each firm expands K then K expands 

proportionately and provides a spillover benefit that increases the productivity of all 

firms. Notice that the production function as defined above is homogeneous of degree 

of one in K, and K for given L,. That is, there are constant returns to capital at the 

social level when K, and K expands together for fixed L. This constancy of the social 

returns to capital yields endogenous growth. 

A firm's profit is 

+8).ki-w], (18) 

where f() is the intensive form of the production function, r + S is the rental price of 

capital, and w is the wage rate. Each competitive firm takes these prices as given. 

One can assume, as common in the AK models, that each firm is small enough to 
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neglect its own contribution to the aggregate capital stock and therefore treats K as 

given. Profit maximization and zero profit condition imply 

aYi f (k.,K)=r+8,aki "	
(19) 

aY, 

where AO is the partial derivative off with respect to its first argument and is the 

private marginal product of capital. In particular, this marginal product neglects the 

contribution of k, to K and therefore to aggregate knowledge. 

In equilibrium, all firms make the same choices so that k = k and K = kL 

apply.8 Since f(.) is homogeneous of degree one in k, and K, one can write the 

average product of capital as 

Aki,K) K) f(L), 

(20) 

where	 >0 , <O. 
dL dL 2 

It is clear that this average product (AP) is invariant with k, because the learning-by

doing and the knowledge spillover effects eliminate the tendency for diminishing 

returns. The AP is, however, increasing in the size of the labor force L. This last 

property is unusual and leads to the scale effects. The private marginal product of 

capital is expressed as 

'Barra and Sala-i-Martin (1995) 
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(21)fi(ki,K) =j(L) L. 4(1')
dL 

Evidently, the private marginal product of capital is less than the average product and 

is invariant with k. The above equation also implies that the private marginal product 

of capital is increasing in L (since the second derivative of f is negative). 

11.2.2.2 Equilibrium 

Continue to assume a closed economy where infinitely lived households 

maximize utility in the usual way. The budget constraint, the consumption path per 

capita, and the transversality condition are the same as before. That is, 

a = (r -n)a + w c, (22) 

e 1 (23)Yc = c = 0 frP), 

00 

(24)lim{ a(t)exp[-f [r(v) -n]clvil = 0. 
t-

If one uses the condition from the technology and the profit maximization for the 

individual firm, one fmds that 
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1y = 1f(L)- LI (L) 8 p]. (25) 

As in the AK model, this growth rate is constant as long as L is constant. One can 

assume that the parameters are such that the growth rate is positive but not large 

enough to yield infmite utility , which leads to the following relation:9 

(26)f-L-JAL)> p + a >0-OM/(L) Lf'(L) 8 pye +8. 

Of course, if one substitutes a = k, and the first order conditions from equation (19) 

into the budget constraint of equation (2), then one can get the accumulation equation 

for k: 

(27)k =f(L).k-c 8k. 

As in the AK model, one can show that the model has no transitional 

dynamics. The variables k and y always grow at the rate y, shown above. 

112.2.3 Pareto Nonoptimality and Policy Implications 

It is important to check whether the outcomes above are Pareto optimal. That 

is, if the decentralized solution is inferior to the social planner's solution, one can 

discuss the policy remedies to improve the situation. The social planner maximizes 

9Barro and Sala-i-Martin (1995) 
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the same utility function (1) subject to asset accumulation constraint (27). One 

maintains the assumption that the population growth rate is still zero, that is, n = 0. 

The key aspect of this optimization is that, unlike an individual producer, the 

planner recognizes that each firm's increase in its capital stock adds to the aggregate 

capital stock and hence contributes to the productivity of all other firms in the 

economy. In other words, the social planner internalizes the spillovers of knowledge 

across the firms. The planner's optimization is to find c and k by setting up the 

Hamiltonian 

j.e -Pt (C1-6 1) + v TAL).k- c Ok]. (28)
(1 0) 

From the standard first order conditions and the transversality conditions, one 

can get the growth rate of c as 

1 (29)c= if(L) 8 P1. 

The social planner sets the growth rate of consumption in accordance with the average 

product of capital whereas the decentralized shown before relates the growth rate to 

the private marginal product of capital. Since the private marginal product is less than 

the average product, the growth rate is too low in the decentralized equilibrium. 

The social optimum can be achieved in a decentralized economy by subsidizing 

purchases of capital goods (an investment tax credit). Alternatively, the government 

can generate the optimum by subsidizing the production. These subsidies work in the 

model since they raise the private returns to investment and therefore tend to eliminate 
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the excess of social returns over private returns. Of course, to avoid other distortions, 

the subsidies on capital or production would have to be financed with a lump-sum tax. 

In reality, these kinds of taxes are hard to find. 

11.2.3 Government and Growth in the AK Model 

In the AK model, anything that changes the level of technology A, affects the 

long-run per capita growth rate. Various activities of government can be viewed as 

effects on the coefficient and as a result on the growth rate. The activities could 

include the provisions of infrastructure, the protection of property rights, and the 

taxation of economic activity. 

The government activities have effects on the long-run economic growth rates 

because the models considered here exhibit endogenous growth. In the standard 

neoclassical growth model of So low-Swan type, the changes in the government 

activities amount to the shifts in the production function and would affect the steady 

state level of per capita output. Although per capita growth rate changes during the 

transition, the long-run growth rate returns to previous steady state growth rate, 

exogenously determined outside the model. 
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11.2.3.1 The Public Goods Model of Productive Government Services 

Assume that the government purchases a portion of the private output and then 

uses these purchases to provide free public services to private producers. This 

assumption amounts to the condition that the government's production function does 

not differ in form from each firm's production function. Let G represent the total of 

government purchases. The standard approach to public goods, as in Samuelson 

(1954), is to treat G as nonrival and nonexcludable. Hence, each firm makes use of 

all of G, and one firm's use of the public good does not diminish the quantity 

available to the others. 

11.2.3.1.1 The Decentralized Economy 

Assume, as in Barro (1990), that the production function for firm i takes the 

Cobb-Douglas form, 

Y (30)Kia G1', 

where 0 < a < 1. This equation implies that the production for each firm exhibits 

constant returns to scale in the private inputs. If G is fixed, the economy is faced with 

diminishing returns. However, if G rises along with K (as K, rises), the above 

production function implies that there exists constant returns in K, and G for fixed L,. 

For this reason, the economy is capable of endogenous growth. Here, the government 
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services are complementary with private inputs in the sense that an increase in G 

raises the marginal product of L and K1. Romer (1986) considers the cases in which 

the exponent on the G, now 1-a, could be greater than 1-a so that the growth rates 

would tend to rise over time. Here, one can focus on the case where the power on the 

G is exactly 1-a so that the constant returns to K, and G imply that the economy is 

capable of endogenous growth. 

It is clear that the model considered here parallels the production function 

generally specified in the equation (16), except that the aggregate capital stock K is 

now replaced by the quantity of public goods G. Suppose the government runs a 

balanced budget financed through a proportional tax at the rate t on the aggregate of 

gross output. Then G = tY . To highlight the effect of tax rate on the growth rate, 

assume that the tax rate t stays constant over time. That is, G/Y = t is constant. 

The firm's after-tax profit is now 

L1 .[(1-t)A.kia .G1' -w-(r + 8).ki], 
K. (31) 

where ki= 
Li
 

The profit maximization and zero profit condition now imply that the wage rate equals 

the after tax marginal product of labor and that the rental rate equals the after-tax 

marginal product of capital. In particular, if k = k, (by the assumption of identical 

firms), then the rental price is given by 
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r + 8 = (1 arc = (1 -t)-aA*-(1-a) .G1'. (32) 

Using the production function and the equation for G, one can find that 

(33)
G=(tAL)a k. 

Using the equation (33) and (32), one finds that 

(1-a)
aY. 

1 

r+8 = aA "(Lt) (1-t). (34) 
sax, 

If L and t are constants, the after-tax marginal product and hence the rate of return, is 

invariant with k and increasing with L. These findings are familiar. 

As in the AK model, the consumption, capital stock, and the output all grow at 

the same rate and the common growth rate is determined by the after-tax marginal 

product of capital as 

(1-a)ay.1 1 1y =-6 [(1-t)-(arc) -8 p = [aA (Lt) -(1-0 8 p]. (35) 

The effects of government on growth involves two channels: the term 1-t represents 

the negative effect of taxation on the after-tax marginal product of capital, and the 

term t""")'" represents the positive effect of public services, G, on the marginal 

product. By differentiating the growth rate with respect to t and setting it equal to 

zero, one can find the maximum possible growth rate at 
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t=G =1-a. (36) 
Y 

If the tax rate is lower or higher than 1-a, then the growth rate is lower, the growth 

rate reaching the maximum when the tax rate is 1-a. 

A question that naturally follows is whether the maximization of the growth 

rate is consistent with household utility maximization. Barro and Sala-i-Martin (1995) 

proves that the maximization of U (household utility) corresponds to the maximization 

of the growth rate y. 

It has been shown that the government's best policy is to set t = 1 -a, given the 

growth rate is determined by the decentralized choices of households and firms in 

accordance with the equation (34). It has not been shown whether the outcome is 

Pareto optimal. 

11.2.3.1.2 The Social Planner's Problem 

The planner chooses the time paths G(t) and C(t) to maximize U, given as the 

equation (1), subject only to the production function and the budget constraint 

Y =AL1-".1C" -G1' =C+G+E+81C. (37) 

It is straightforward to set up a Hamiltonian to derive the conditions for the dynamic 

optimization in the social planner's problem. 

The key distortion in the decentralized model is that the individual investors 

take account of the after-tax private marginal product of capital (14)5Y / 5K, , which 

http:AL1-".1C
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falls short of the social marginal product, gY / OK, , because of the tax rate. The 

wedge between the social marginal returns and the private marginal returns leads to a 

shortfall of the growth rate. When the optimality conditions from Hamiltonian are 

combined with the natural efficiency condition for the size of the government, that is 

(38)anaG=1, 

the growth rate under social planner becomes 

1 (1-a) 
1 (39)y (social planner) = [a A " (L(1 -a)) " S p ]. 

It is possible, as stated in Barro and Sala-i-Martin (1995), to generate the growth rate 

shown in the equation in (39) and thereby the first-best outcomes in a decentralized 

setup. First, government sets G/Y = 1-a to get the right quantity of public goods. 

Second, the government finances its expenditure with a lump-sum tax, that is, a tax 

with a marginal rate of zero with respect to production. 

11.2.3.2 The Congestion Model of Productive Government Services 

11.2.3.2.1 Public Services as an Input to Production 

Many government services, such as high ways, water systems, police and fire 

services, and courts, are subject to congestion. For a given quantity of aggregate 

services, G, the quantity available to an individual declines as other users congest the 
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facilities. For government activities that serve as an input to private production, we 

model this congestion (as in Barro and Sala-i-Martin , 1992) by writing the production 

for the ith producer as 

(40) 

where f > 0 and f' < 0. The production process is AK modified by the term that 

involves public services: an increase in G relative to aggregate output, Y, expands Y, 

for given K,. Because of congestion, an increase in Y for given G lowers the public 

services available to each producer and therefore reduces Y,. According to the 

formulation above, G has to rise relative to Y in order to provide more public services 

to each producer. 

For given G and Y, a firm's production shows constant returns to scale with 

respect to the private input K,. If G grows at the same rate as Y, then G/Y stays 

constant and the constant returns with respect to K. means that the economy will 

generate endogenous growth as in AK type model. 

As in the previous section, assume that the government levies the constant, 

proportionate tax rate t on the output, so that G/Y = t. The after-tax marginal product 

of capital is given as 

ayi
-0 Tic = (1 t) f(t) = r+8. (41) 
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The growth rate of c, k, and y all equal the same constant: 

Y= 1 TA-(1- t)At) -b -p]. (42) 

Since f > 0 and f'< 0 , the relation between the growth rate and the tax rate (t) 

looks again like that discussed in the public goods model in the previous section. In 

particular, the growth rate rises with the tax rate at low values of t and falls with t at 

high values of t. Unlike the public goods model, the marginal product of capital is 

invariant of the scale variable L due to the lack of L, variable in the specification of 

the production function. The consequence is that the growth rate is independent of the 

scale variable L. 

By taking the differentiation of the growth rate with respect to the tax rate, one 

can find that the maximum growth rate occurs when the tax rate is determined such as 

f(t) = (1 -t) f(t), a condition that implies the familiar efficiency condition for the size 

of government , / X = 1. The result is proved in Barro and Sala-i-Martin (1995). 

It is clear that the result holds independently of the functional form for F (). Barro 

and Sala-i-Martin (1995) show that the growth rate maximizing tax rate is consistent 

with Pareto optimum. As a result, unlike the previous productive public goods model, 

with even income tax, the decentralized outcome and the social planner's outcome are 

equivalent. 
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11.2.3.2.2 Public Services as an Influence on Property Rights 

It is natural for the public services like highways or water and power systems 

to enter the production function explicitly as in productive public goods. Such 

activities as police services, courts, and national defense can be viewed instead as 

affecting the probability that people retain the rights to their goods and thereby have 

an incentive to accumulate capital and produce. Government participation in these 

areas has to be motivated from natural monopoly argument. 

Suppose that the probability, p, of maintaining ownership in one's output is an 

increasing function of G/Y, that is, p = p(G/Y) with p' > 0 and p" < 0. If one neglects 

the direct productive effect of return on government services and assumes that 

producers care only about the expected rate of return on the investment (Barro and 

Sala-i-Martin, 1995), then the equation (41) is modified as 

(1 -t) p(t) = r + 8, (43) 

and the equation (42) becomes 

y = 
1 

-[A -(1 -t) p(t) 8 p ]. (44) 

The equation (43) corresponds in form to (41) and the conclusions are the same. In 

particular, the condition for maximizing the growth rate (y) is p(t) = (1- t)p'(t) and the 

resulting value for the growth rate is Pareto optimal. 
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11.3 EMPIRICAL RESULTS 

11.3.1 Testable Hypotheses 

Consider again the production functions from public goods model and 

congestion model of productive government services: 

(45) 

(46) 

Clearly, there is nothing that prevents one from using a specific government spending 

program instead of aggregate government spending in the setup. In fact, one might 

get some valuable information by looking at the relation between a specific 

government spending program and economic growth rate. Of course, there is always a 

danger of neglecting other important factors and some intermediate channel when one 

concentrates on the investigation of bivariate model, as will be the case in this study. 

However, it is rather inconceivable to regard all the government programs fit under the 

same characteristics. In macroeconomic literature, little attention, if any, has been 

placed on the individual categories especially on the spending side. Naturally, the 

equations (45) and (46) are modified in this study as 
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ALIT-a (47)Yi= Kia Gil-a , 

G.
 
= A Ki f( ). (48) 

where subscript j for G represents the jth category in the government spending. It is 

again assumed that any specific government program is fully funded by the 

proportionate tax on the production. There are some studies investigating the effects 

of various tax schemes in relation to endogenous economic growth (Saint-Paul, 1992, 

Turnovsky, 1995). 

For one empirical investigation of this essay, the long run stable relation 

between the subcategories of government spending and the economic growth rate will 

be checked. For the long run relationship, Autoregressive Distributed Lag (ADL) 

model will be used. To check the robustness of the empirical results, I try Impulse 

Response Analysis which belongs to the standard VAR approach. 

11.3.2 Transfer function analysis 

Transfer function analysis provides useful information regarding the long run 

multiplier. It uses an Autoregressive Distributed Lag(ADL) model in the following 

form: 
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yt=a0+A(L)yt_i+C(L)xt+B(L)ut, (49) 

where A (L), B(L) and C(L) are polynomials in the lag operator L. 

The long run multipliers that represent long run effects can actually be 

calculated in ADL model. It is important to note that transfer function analysis 

assumes that {xt} is an exogenous process that evolves independently of the {y,} 

process. That is, the crucial assumption for the use of transfer function analysis is that 

there be no feedback from {yt} process to {xj. In particular, it is assumed that 

government spending evolves independently of the economic growth rate. The task is 

to estimate the parameter ao and parameters of the polynomial A (L), B(L) and C(L) to 

fmd the long run multipliers. The polynomial C(L) is called the transfer function in 

that it shows how a movement in the exogenous variable {x,} affects the time path of 

the endogenous variable {_O. The coefficients of C(L), denoted by c,, are called 

transfer function weights and long-run multiplier of {xr} on {y,} is given by 

C(1)/[1 -A(1)]. (50) 

Since the goal is to check the relation between the subcategories of government 

spending and the economic growth rate, and Korean government spending programs 

have been fully funded by tax revenue, I fit ADL models using each of subcategories 

of government spending in order to estimate the effect of specific government 

spending on economic growth rate from 1971 to 1995. 

Even though there are many subcategories of government expenditure, I choose 

the only big and important items. Also, the selection of these items is based on 
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theoretical models discussed in section 11.2. Table 11.3.1 illustrates the important 

subcategories of government expenditure. The expenditures for social security and 

welfare, health, education, and housing and community amenities are said to make a 

contribution to human capital formation, consequently to enhance productivity and 

economic growth rate. The expenditure for roads, electricity, gas and water, and 

transportation and communication are directly related to the infrastructure services. It 

is used as an input to production. The expenditure for public order and safety, 

defense, and general public services are related to the protection of property rights. It 

works as an influence on property rights. 

The Bank of Korea publishes annual data on these government expenditures by 

function and some of the characteristics of them are reported in Table 11.3.1. 

Table 11.3.1 Subcategories of government expenditures used in the analysis 

billion 1990 Korean Won 

variables definitions mean standard deviation 

1. development of 
human capital 
RS SWF expenditure for 1797.66 1707.07 

social security and 
welfare 

RHLTHA expenditure for 628.93 420.09 
health 

REDUC expenditure for 4684.02 3544.64 
education 

RHOCO expenditure for 2536.99 2363.43 
housing and 
community 
amenities 
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Table 11.3.1 (Continued) 

2. Infrastructure 
services 
RROAD expenditure for 1711.56 1600.76 

roads 
RELEC expenditure for 541.16 396.52 

electricity, gas, 
and water 

RCOMM expenditure for 700.66 646.71 
transportation and 
communication 

3. Protection of 
property rights 
RPO expenditure for 1163.04 802.34 

public order and 
safety 

RDEFN expenditure for 4937.11 2041.49 
defense 

GEPS expenditure for 4149.18 2971.92 
general public 
services 

When it comes to the ADL model specification, I went through several 

different model specifications for each of subcategories of government spendings and 

got rid of statistically insignificant variables. Only the finally best-fitted ones are 

reported. Following the methodology suggested by Hansen(1982)1° and White(1980), 

consistent estimate of error covariance matrix is obtained to be used for the 

formulation of standard errors of the coefficient estimates. 

0riansen(1982), and White(1980) show that it is possible to compute consistent 
estimators for the covariance matrix of estimators in a wide range of situation such as 
autocorrelation or heteroscedasticity. 
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Most of macroeconomic time series data are subject to some type of trend of 

nonstationarity." If we use this kind of data in regression as they are, it may give rise 

to uninterpretable t-values and other statistics, and very high R2 resulting in spurious 

regression. I difference the government expenditure variable and GDP before using it 

in regression. 

Table 11.3.2 shows the effect of government expenditure for roads, social 

security and welfare, and general public services on economic growth, respectively. 

The regression form shared by these government spending is 

AY =a0 +b0AX +b AXt-1 +et, (51)
t 1 

where Y is gross domestic product, X is the government spending to be tested, and ao, 

bo, and b1 are parameters to be estimated. The notation "a" represents first difference 

and the "t"subscripts are time index (in years). All variables are measured using 1990 

as base year. 

The significance level of Q-statistics about each equation can be used for 

judging the fittness of model specification. The significance level of Q-statistics less 

than 0.05 (or 0.10) rejects the model specification at 5 % (or 10 %) significance level. 

"Granger and Newbold (1974) suggested that first differences avoids spurious 
regression. Recently, however, using levels data are being advocated in cointegration 
literature (see Hamilton, 1994). 
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Considering the fact that the significance level of Q-statistics12 for each model is 

above 0.28, the fitted model can be regarded potentially good. As the table 11.3.2 

shows, spending for roads, spending for social security and welfare, and spending for 

general public services have an positive effect on economic growth statistically at the 

5 percent significance level. Government spending for roads may enhance the 

productivity of private economy by providing efficient transportation. The increase of 

the government spending for roads by 1 billion Korean Won increases not only the 

output by 5.54 billion Korean Won at the same year but also the output by 5.61 billion 

Korean Won in the following year. Expenditure for social security and welfare can be 

said to contribute to keep family structure safe so that the children can become 

productive members of the labor force. The estimated coefficients in ADL model for 

12The Q-statistics is used to test whether a group of autocorrelations is significantly 
different from zero. Box and Pierce (1970) used the sample autocorrelations to form 
the statistics, 

Q --']E rk2 

k=1 

where rk is sample autocorrelation and T is the number of observations. Ljung and 
Box (1978) report modified Q-statistics calculated as 

Q=T(T+2)E 41(T-k) 

If the data are generated from stationary ARMA process, Q is asymptotically x2 
distributed with s degrees of freedom. The intuition behind the use of the statistic is 
that high sample autocorrelations lead to large values of Q. Certainly, a white noise 
process would have a Q value of zero. Therefore, the Box-Pierce and Ljung-Box Q-
statistics can serve as a check to see if the residuals from an estimated ARMA (p,q) 
model behave as a white noise process. That is, Q-statistics can serve as a check to 
see if the model is potentially good fit. Generally speaking, the significance level 
above 0.05 through 0.10 can be regarded as a good fit of the model. 
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social security and welfare and in ADL model for general public services can be 

interpreted in the same way as in ADL model for roads. 

Table 11.3.2 The Effect of the Expenditure for Roads, Social Security and 
Welfare, and General Public Services on Economic Growth. 

AY, =a0±boAx,-f-blAx,i+8,13 

X bo b, significance k2 

level of Q-
statistics 

Roads 5.54 (0.00) 5.61 (0.05) 0.35 0.34 

Social 5.97 (0.00) 7.53 (0.02) 0.70 0.28 
Security and 
welfare 

General 6.31 (0.00) 3.40 (0.01) 0.28 0.50 
Public 
Services 

( ); significance level 

Table 11.3.3 shows the effect of government expenditure for health, and public 

order and safety on economic growth respectively. The equation used for the test is 

13Where 
Y=gross domestic product in 1990 Korean Won 
X=subcategories of government spending, measured in 1990 Korean Won 
A=an operator designating the year-to-year differences 
t time trend 
these notations are also applied to following equations. 
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Y =a0 +a t+b0AX +b Xt-l+et5 (52)
t 1 1 

where time trend t is added to capture a trend movement even after taking the 

difference in the government spending considering the deterministic time trend. 

Government spending for health enhances human capital by curing maladies 

and injuries that can impair the productivity of individuals in the labor force. The 

expenditure for health has a positive effect on economic growth at the 1 percent 

significance level. If there is an increase in government spending for health by 1 

billion Korean Won, there is not only increase in output by 14.10 billion Korean Won 

at the same year but also increase in output by 16.62 billion Korean won in the 

following year. Government spending for public order and safety (police protection) is 

generally regarded as providing an environment in which the private economy can 

operate safely and efficiently. Consequently, it is expected to enhance the economic 

productivity and economic growth. It is surprising that the expenditure for public 

order and safety has a negative contemporaneous effect on economic growth at 5 

percent significance level. The situation is explained as follows. Korea had been 

ruled under authoritarian government in most of the sample period. As a result, there 

were many demonstrations protesting harsh rules. The Korean government had to 

increase the expenditure for police department and other safety order department to 

efficiently cope with social unrest. Therefore, the increase in the expenditure for 

public order and safety has not meant the social safety but the social unrest ironically 
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in Korea. Hence, there has been a negative relationship between economic growth and 

the expenditure for public order and safety. 

Table 11.3.3 The Effect of the Expenditure for Health, and Public Order 
and Safety on Economic Growth 

AY t =ao±alt±boA X t±b peX t-i+et 

X 1)0 b1	 significance re 
level of Q-
statistics 

health 14.10 (0.01) 16.62 (0.01) 0.44 0.75 

public order -3.14 (0.02) -2.60 (0.57) 0.55 0.69 
and safety 

( ); significance level 

Table 11.3.4 shows the effect of government expenditure for education 

on economic growth. The specification used for the test is 

A Yt =a 0+a 1t+b
1 AX r-l+b2AXt-24-er	 (53) 

Time trend t is incorporated into the model considering the deterministic time trend. 

Considering the fact that it takes time for the education to bring about productivity 

increase in production, I use the first lag and the second lag term of the expenditure 

for education. It shows a good fit based on the significance level of Q-statistics. As 

the table 11.3.4 shows, the expenditure for education has a positive effect on economic 

growth at 1 percent significance level at the first lag and at 10 percent significance 
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level at the second lag. It means that government spending for education enhances 

human capital that leads to economic growth. 

Table 11.3.4 The Effect of the Expenditure for Education on Economic Growth 

AYt =ao±c it±b IA X t-i±b 6. X f-2+6t 

X b1 b2	 significance .1?2 

level of Q-
statistics 

education 1.09 (0.01) 0.59 (0.07) 0.60 0.70 

( ) ; significance level 

Table 11.3.5 shows the effect of government expenditure for defense on 

economic growth. The equation used for the test is 

Yt=a0+4 AYt_i+boAXt+b1AXt_i+er	 (54) 

Generally speaking, government spending for defense is likely to result in innovations 

useful for private production. But, in Korea economy, since national defense system is 

heavily dependent on U.S. system and it is necessary to overspend for national defense 

than is appropriate for capability of economy, considering the direct confrontation with 

North Korea, expenditure for defense has meant contraction of private economy. As 

the Table 11.3.5 shows, the expenditure for defense has a negative effect on economic 

growth, particularly, its effect is statistically significant at 10 percent level at the first 
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lag. The expenditure for defense seems to use national resources for rather 

unproductive purposes. 

Table 11.3.5 The Effect of the Expenditure for Defense on Economic Growth 

AY =ao+014Y t-i+boz, X t±b lz g 1-1±st 

ieX 01 bo b,	 significance
 
level of Q-

statistics
 

defence 0.35 (0.03) -3.98 (0.24) -6.50 (0.06) 0.29 0.11 

( ) : significance level 

Table 11.3.6 shows the effect of government expenditure for housing and 

community amenities on economic growth. The equation used for the test is 

+b2A Xt_2 + et.	 (55)Yt=ao +40 

Generally speaking, the government expenditure for housing and community 

amenities, by providing housing for those who otherwise might not be able to afford 

it, is known to be able to enhance human capital by providing better-quality workers 

as well as providing the homeless an entry into the labor force. However, the Table 

11.3.6 shows, the expenditure for housing and community amenities has a negative 

effect on economic growth. But it is not statistically significantly different from 0 

(zero) at 5 percent level. 
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Table 11.3.6 The Effect of the Expenditure for Housing and 
Community Amenities on Economic Growth 

AYt =ao+01,617 t-i±b ci+b2A A 7,-2+6, 

X 01 b1 b2 significance ii2 

level of Q-
statistics 

housing 0.82 (0.00) -0.37 (0.82) -0.43 (0.69) 0.59 0.49 
and 
community 
amenities 

; significance level 

Table 11.3.7 shows the effect of government expenditure for electricity, gas and 

water, and transportation and communication on economic growth. The equation used 

for the test is 

Yt=a0+boAXt+et. (56) 

This equation emphasizes the contemporaneous relations between GDP and 

expenditure for electricity, and expenditure for transportation and communication. 

This set-up of equation shows potentially good fitness judged by the significance level 

of Q-statistics. These kinds of government expenditures are directly related to 

infrastructure services. Consequently, they seem to work as inputs in production. As 

the Table 11.3.7 shows, the expenditures for electricity, gas and water, and 

transportation and communication have a contemporaneous positive effect on 

economic growth at 1 percent significance level. It means that these types of 

government expenditures enhance productivity of private sector instantly. 
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Table 11.3.7 The Effect of the Expenditure for Electricity, Gas and Water, 
and Transportation and Communication on Economic 
Growth 

AYI =ao+boL 

X b0 significance level R2R 

of Q-statistics 

electricity, gas, 11.76 (0.00) 0.78 0.22 
and water 

transportation and 7.78 (0.01) 0.95 0.44 
communication 

( ) ; significance level 

Table 11.3.8 summarizes the effect of the subcategories of government 

expenditures on economic growth. Most of government expenditures except for public 

order and safety, defense, housing and community amenities are shown to have a 

positive effect on economic growth. Negative effect of expenditure for public order 

and safety and for defense on economic growth is statistically significant at 5 percent 

level and at 10 percent level respectively. But, negative effect of expenditure for 

housing and community amenities on economic growth is not statistically significantly 

different from 0 (zero) even at 10 percent level. 



99 

Table 11.3.8 Long-run Multipliers of Government Expenditure 

X bo b1 b2 long-run 
multiplier' 4 

roads 5.54* 5.61* - 11.15* 

social security 
and welfare 

5.97* 7.53* - 13.50* 

general public 
services 

6.31* 3.40* - 9.71* 

health 14.10* 16.62* - 30.72* 

public order 
and safety 

-3.14* -2.60 - -5.74 

education - 1.09* 0.59** 1.68* 

defense -3.98 -6.50** - -16.27 

housing and 
community 
amenities 

- -0.37 -0.43 -4.66 

electricity, gas 
and water 

11.76* - - 11.76* 

transportation 
and communi
cation 

7.78* - 7.78* 

* statistically significant at the 5 percent level 

* * statistically significant at the 10 percent level 

Of the government expenditure which have a positive effect on economic 

growth, expenditure for health has the highest long-run multiplier and expenditure for 

education has the lowest long-run multiplier. Of the government expenditure which 

'41f the fit of the model is Ay, = Ovety,_1+ao +box, + brext_I, 
LR multiplier = 00-Ebd/alid 
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have a negative effect on economic growth, the expenditure for defense has the highest 

long-run multiplier. It means that expenditure for defense makes most use of 

resources for unproductive purpose. 

11.3.3 Impulse Response Analysis 

The crucial assumption for the use of transfer function analysis is that there be 

no feedback from {AGDP,} process to {AGovernment Expenditure ,} process. It is 

conceivable that we treat government expenditure process an exogenous process. 

However, it is also true that as economy grows, there could be an increase in 

government spending since now the government can afford it as the tax base grows. 

When we are not confident that a macroeconomic variable is actually exogenous, it is 

better to treat each variable symmetrically. 

In this section, I use VAR approach under the assumption that there could be 

feedback from {AGDP,} process to {tGovernment Expenditure ,} process. In 

particular, I show impulse response analysis based on standard Vector Autoregressive 

(VAR) approach. The analysis that follows will examine the effects of various types 

of government spending on economic growth over time. In fact, the responses of 

economic growth following an increase in government spending will be captured in 

diagrams. Clear pattern of these responses will emerge from there. 



101 

Basic VAR model in structural form used in the study is 

BZt=ro+rizt-i +r2zt-2±wt 
V(Wt) 

1 b12 Xt 
where B= , Z=1 , ro= (57) 

1 A Yt b20 

all 'iii Yni 
, r2=r1= 

a21 a22 Y21 Y22 

Y is gross domestic product, X is the various government spending to be tested. The 

notations "A" represent one-year first difference and the "t" subscripts are time index 

(in years). All variables are calculated in real (1990) Korean Won. 

Premultiplication by B"' allows us to obtain VAR model in reduced form 

associated with the structural model. Then, the basic model in reduced form is the 

following VAR(2) model: 

Zt=Ao+AlZt_1+112Zt-2 +(ft 

where A0=B fro 
(58) 

Al =B 

U t=B -1We 

where Zt=((X, AY,)' is a (2x1) random vector. .AX, is the first difference of various 

government expenditure and aYt is the first difference of GDP. The A, are fixed (2x2) 

coefficient matrices, A 0=--(a1, a)' is fixed (2x1) vector of intercept terms. Finally 

u2d' is 2-dimensional white noise process, that is E(II), E(U,U,')=Eu, and 

E(UsLI,2=0 for .94. The covariance matrices Eu is assumed to be nonsingular. 
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To maintain consistency, I use uniform structure to fit VAR, that is, the same 

VAR (2) structure is applied for each of subcategories of government spendings. In 

particular, the tests are restricted to two lagged value because the short span of the 

annual data necessitates economizing on degree of freedom. I use Choleski 

decomposition as identification restriction so as to recover structural innovations W, 

from the observed residuals Ut. When it comes to the ordering of the variable in the 

VAR system, the various government expenditures or the innovations in the 

government expenditure are considered more exogenous.15 

The goal is to check how subcategories of government expenditures have an 

impact on economic growth over time. In this case, if we use impulse response 

analysis technique, the response of GDP to a unit shock in various government 

expenditures can be depicted graphically to get a visual impression of the dynamic 

interrelationship within the system. 

Figures 11.3.1 through 11.3.10 depict impulse-response functions that show what 

might happen to the real GDP if there were a one-time, one-standard-deviation shock 

to the first difference of a particular type of government spending. The solid line 

represents the response and the corresponding confidence interval is in dotted lines. 

I5Exogeneity tests have been proposed by Engle, R. F., Hendry, D. F., and Richard 
J. F. (1983). Since the focus is not on whether government spending is exogenous or 
not, the exogeneity tests have been left as a future research agenda. 

http:exogenous.15
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Figure 11.3.1 Impulse Response between RGDP and RROAD 
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Upper right-hand side diagram in Figure 11.3.1 shows the effect of a one-time, 

one-standard-deviation shock to government spending for roads on real GDP. An 

increase in the government spending in roads results in a consistent positive response 

on real GDP over time. It is consistent with the results from ADL model for roads. 

We can reach the conclusion that the government expenditure for roads have a 

consistent positive effects on economic growth in Korean economy. 
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Figure 11.3.2 Impulse Response between RGDP and RSSWF 
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Figure 11.3.2 shows the effect of a one-time one-standard-deviation 

shock to spending for social security and welfare on real GDP. Shocks to expenditure 

for social security and welfare result in consistent positive response on real GDP 

before leveling off. Again, it shows the same results as in ADL model. Hence, we 

can interpret these results are very robust. 
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Figure II.3.3 Impulse Response between RGDP and RGEPS 
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Figure 11.3.3 shows the effect of a one-time one-standard-deviation shock to 

spending for general public services on GDP. Shocks to spending for general public 

services show irregular response on real GDP. It is very different from the results in 

ADL model. In ADL model, the expenditure for general public service is shown to 

has an consistent positive effect on economic growth significantly. These differences 

seem to be caused by the feedback effect of GDP to the government expenditure for 

general public services. 
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Figure 11.3.4 Impulse Response between RGDP and RHLTHA 
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Figure 11.3.4 shows the effect of a one-time one-standard-deviation shock to 

spending for health on GDP. Shocks to spending for health result in consistent 

positive response on real GDP. It is consistent with the result from ADL model for 

roads. It can be safely acknowledged that government expenditure for health have 

contributed to human capital formation that enhances the productivity, and hence 

economic growth. 
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Figure 11.3.5 Impulse Response between RGDP and RPO 
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Figure 11.3.5 shows the effect of a one-time one-standard-deviation shock to 

spending for public order and safety on GDP. Shocks to spending for public order 

and safety show no significant effect on real GDP in the first few years and show 

irregular response thereafter. It is different result from that in ADL model for public 

order and safety. In ADL model, the government expenditure for public order and 

safety has a significant negative effect on economic growth in the same year. 
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Figure 11.3.6 Impulse Response between RGDP and REDUC 
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Figure 11.3.6 shows the effect of a one-time one-standard-deviation shock to 

spending for education on GDP. Shocks to spending for education result in consistent 

positive response on real GDP. It is the same result as in ADL model. Hence, the 

government expenditure for education can be said to have contributed to human capital 

formation, consequently to economic growth. 
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Figure 11.3.7 Impulse Response between RGDP and RDEFN 
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Figure 11.3.7 shows the effect of a one-time one-standard-deviation shock to 

spending for defense on GDP. Shocks to spending for defense result in consistent 

negative response on real GDP. It is consistent with the results in ADL model for 

defense. Government expenditure for defense seems to be used for unproductive 

purposes. 
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Figure 11.3.8 Impulse Response between RGDP and RHOCO 
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Figure 11.3.8 shows the effect of a one-time one-standard-deviation shock to 

spending for housing and community amenities on GDP. Shocks to spending for 

housing and community amenities show contemporaneous positive response on real 

GDP but revert to consistent negative effect on real GDP. These results are similar to 

those in ADL model. ADL model for housing and community amenities shows 

consistent negative effect of these expenditure on economic growth, but not 

significantly. These results are against expectation. Considering the significance 

level, we can regard these expenditure as having no effect on economic growth. 
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Figure 11.3.9 Impulse Response between RGDP and RELEC 
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Figure 11.3.9 shows the effect of a one-time one-standard-deviation shock to 

spending for electricity, gas, and water on GDP. Shocks to spending for electricity, 

gas, and water result in consistent positive response on real GDP. Whereas ADL 

model shows the effect of the expenditure for electricity, gas, and water on economic 

growth is very contemporaneous, the impulse-response analysis shows this effect is 

consistent. The important thing is that these expenditure have a significant positive 

effect on economic growth. 
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Figure 11.3.10 Impulse Response between RGDP and RCOMM 
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Figure 11.3.10 shows the effect of a one-time one-standard-deviation shock to 

spending for transportation and communication on GDP. Shocks to spending for 

transportation and communication result in consistent positive response on real GDP. 

According to ADL model, these effects are very contemporaneous. In impulse 

response analysis, these effects are even rising over time. One can conclude that these 

expenditure have a significant positive effect on economic growth. 



113 

The results of the impulse response analysis shown in Figures 11.3.1 through 

11.3.10 lead to the conclusion that the types of government spending most likely to 

have a significant positive effect on economic growth are expenditure for health, 

education, and utilities such as electricity, gas, and water. Thus, impulse response 

analysis implies most efficient way to enhance the economic growth is by increasing 

expenditure on health, education, and utilities without ignoring expenditure on roads, 

social security and welfare, and transportation and communication. Furthermore, it is 

conceivable that the reduction in the government expenditure on defense could prove 

useful to expedite economic growth. 

11.4 CONCLUSION 

While different econometric methods have been applied, the results show 

consistently that certain government spending programs are effective in promoting 

economic growth. The effects of some types of spendings are negative or not 

significant. Transfer function analysis showed the effect of various government 

spendings on economic growth in Korean economy as follows: (1) Many of 

subcategories of government expenditures except for public order and safety, defense, 

and housing and community amenities have a positive effect on economic growth. (2) 

Negative effect of expenditure for public order and safety and defense on economic 

growth is statistically significant at 5 percent level and at 10 percent level respectively. 
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(3) Negative effect of expenditure for housing and community amenities on economic 

growth is not different from 0 (zero) even at 10 percent significance level. 

(4) Government expenditure for health has the highest positive long-run multiplier 

while government expenditure for education has the lowest positive long run 

multiplier. (5) Government expenditure for defense has the highest negative long run 

multiplier. 

On the other hand, Impulse Response Analysis showed the following empirical 

findings: (1) Government expenditures for roads, social security and welfare, and 

transportation and communication have a consistent positive effect on economic 

growth. (2) Government expenditures for health, education, electricity, gas, and water 

have a statistically significant consistent positive effect on economic growth. (3) 

Government expenditures for defense, housing and community amenities have a 

consistent negative effect on economic growth. 

These two analyses tell us that an efficient way to enhance the economic 

growth in Korea is by increasing expenditures for health, education, electricity, gas, 

and water without ignoring expenditures for roads, social security and welfare, and 

transportation and communication. 
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CONCLUSIONS 

The objectives set out in the beginning of this study have been accomplished. 

Theoretical and empirical investigation of macroeconomic fluctuations and economic 

growth in Korean economy produced useful information. 

Chapter I, I considered the joint behavior of key Korean macroeconomic 

variables (i.e. output, unemployment rate, price level, money, real exchange rate ) in 

all related economic variable system simultaneously and asks whether it is consistent 

with the traditional Keynesian interpretation of macroeconomic business fluctuations. 

If so, then policy making may be based on traditional Keynesian framework. If not, a 

different approach should be considered. 

In order to analyze the behavior pattern of the key Korean macroeconomic 

variables, I use a standard VAR method to investigate the dynamic adjustment. The 

VAR method treats all the variables in the model symmetrically and as a result the 

analysis based on VAR is not sensitive to identification restrictions. Different 

orderings had been tried in the standard VAR analysis looking for the sensitivity of 

the results. In particular, the impulse response analysis, the decomposition of forecast 

error variance and Granger-causality tests had been conducted. 

Since the standard VAR analysis has recently been criticized, I tried so-called 

structural VAR method to check whether the outcomes from standard VAR hold up. 

It turned out that the results from structural VAR reinforces the findings from standard 

VAR. 
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Both VAR results are consistent and strongly support the Keynesian 

macroeconomic view in that aggregate demand shocks including a money supply 

shock and a real exchange rate shock move output and prices in the same direction, 

whereas aggregate supply shocks including a output shock and an unemployment rate 

shock move output and prices in the opposite directions in the short run, and in that 

aggregate demand shocks are reflected mostly in prices in the long run, while 

aggregate supply shocks are more likely to have long run effects on output. Various 

econometric methods produced robust results that favor the Keynesian model. As a 

result, macroeconomic policy in Korea can be safely based on IS-LM/AD-AS 

framework of traditional Keynesian Approach. 

In Chapter II, I empirically investigated the effects of various government 

fiscal policies, particularly, government expenditures on economic growth rate using 

Korean data. It is important to understand what specific government spending 

programs promote or hamper economic growth for policy making purpose. 

This empirical study is based on one strand of endogenous growth models in 

which a broad concept of capital is not subject to diminishing returns but constant 

returns. In the model, various activities of government can be viewed as effects on 

baseline technology and hence on economic growth rate. These activities include the 

provisions of infrastructure services, the protection of property rights and development 

of human capital. 

In order to check the long run stable relation between the subcategories of 

government spendings and the economic growth, I use a specific government spending 
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program instead of aggregate government spending. The reason is clear: we can get 

some more valuable information by looking at the relation between a specific 

government spending program and economic growth rate. By the way, it is rather 

inconceivable to regard all the government programs fit under the same category 

having the same characteristics. 

As econometric methods, I used not only transfer function analysis but also 

impulse response analysis. Transfer function analysis is based on Autoregressive 

Distributed Lag (ADL) model and assumes that there is no feedback from GDP to 

subcategories of government expenditures. It is reasonable to assume that various 

government spending programs are exogenous since Korean government has long term 

economic plan which is revised every 5 years, where each government spending is set 

to certain level in advance. To find a statistically significant fitting of the ADL model 

to subcategories of government expenditures, I have tried various ADL models to each 

of them. 

To check the robustness of the empirical results, I tried bivariate standard VAR 

approach, particularly, impulse response analysis. VAR approach treats all variables 

symmetrically, so that one does not rely on any incredible identification restrictions. 

When we are not confident that a macroeconomic variable is actually exogenous, it is 

better to treat it symmetrically. That is, Impulse Response Analysis is conducted 

under the assumption that there be feedback from GDP to subcategories of government 

expenditures. 
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According to the transfer function analysis, many of subcategories of 

government expenditures except for public order and safety, defense, and housing and 

community amenities have a positive effect on economic growth. Negative effect of 

expenditure for public order and safety and defense on economic growth is statistically 

significant at 5 percent level and at 10 percent level respectively. But, negative effect 

of expenditure for housing and community amenities on economic growth is not 

different from 0 (zero) even at 10 percent significance level. 

In addition, the impulse response analysis shows that expenditures for roads, 

social security and welfare, and transportation and communication have a consistent 

positive effect on economic growth. The types of government spendings most likely 

to have a statistically significant positive effect on economic growth are expenditures 

for health, and education, electricity, gas, and water. 

Combining the empirical findings from transfer function analysis as well as 

impulse response analysis, we can reach the conclusion that most efficient way to 

enhance the economic growth in Korea is by increasing expenditures for health, 

education, electricity, gas, and water without ignoring expenditures for roads, social 

security and welfare, and transportation and communication. 
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