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I. Introduction

The effect of government purchases on real output has been extensively considered in the
macroeconomic literature. ' : »

Keynesian analysis has focused on studying the effect of government purchases through its
influence on aggregate demand. Given an increase in government purchases, output expands by
a larger amount of the original expenditure change. That is, government purchases have a multi-
plier effect on output no matter what the composition of the expenditure is. Along with this
theoretical analysis, there exist several largé scale econometric models that- provide estimates
for the ‘multiplier of government purchases. The estimates vary depending on the model used,
but they are in all cases significantly bigger than one (see Leeuw and Gramlich (1968)).

The evidence of a multiplier éffect of government purchases has been questioned by several
economists. ' If government provided. goods and services are regarded as close substitutes for
private consumption goods, then, as Baily (1971) has pointed out, the multiplier effect vanishes.
Barro ( 1'98_1), focusing on the distinction between temporary versus permanent changes in govern-
ment purchases, provides emperical evidence that the effect on real output of temporary changes
(defense purchases related to wars) is bigger than the effect of permanent changes (military as
‘well as non-military, and- state and local purchases). Barro does not find a multiplier effect,
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although in the case of temporary changes a multiplier slightly bigger than one would also be con-
sistent with data.

Not much attention has been placed on the distinction of government purchases by the source
and type of expenditure.

My research starts out with an emperical study in Korea case that breaks down government
purchases in two components: military purchases, central non-military and local purchases. The
dynamic interrelations between the two types of government expenditures and other components

. of GNP are analyzed. No a priori restrictions on the type of interrelation between variables have
been imposed, and all variables chosen to be in the model have treated as endogenous.

Section 'II presents the emperical results in detail, explaining the choice of variables and
the structure of the model that has been estimated. Briefly, a eight-dimensioned vector autore-
gression of real GNP components, two of them being government purchases, is fitted to the B.0.K.
quarterly data after 1970. The components of the vector sum up to GNP which enters in the
system as an identity. '

Section III describes a class of environments for which government purchases are given ex-
ogenously and are a necessary input in the joint production process of private and public goods.

Further research intends to specify forms for the utility and production functions, and
generate simulations of the model. The statistical properties of the simulations will then be com-
pared to the ones obtained in the emperical section.

I1. Empirical Study

The results presented in this section are based on the analysis of B.O.Korea quarterly data of
eight components of GNP: durable consumption, nondurable consumption, residential invest-
ment, increase in stocks, net exports, central government military purchases, central government
nonmilitary purchases with local government purchases, and investment in producer durables and
nonresidential structures. A detailed description of the data is given in the Data Appendix. An
unrestricted vector autoregression' with a constant term and four lags is estimated for the period
1970, 1 to 1985, IIL '

The choice of variables to be included in the system has been done taking into account
recent empirical studies about the dynamic interrelations between monetary and real variables.?
Sims (1982) has suggested that variables determined in financial markets are likely to have a big
explanatory power for other variables in the system, even in the case that'they simply respond
to fluctuations in real variables. Novales (1983) presented equilibrium models where money or
the interest rate, although being passive, might appear Granger causally prior.

The purpose of this study being to analyze the interaction between government purchases
and real output, and to find out how important that interrelation is, we wanted to avoid inter-
ference of the monetary variables capturing most of the explanatory power in the system. Con-
sequently, financial variables were excluded from the estimated vector autoregressi(v)n.-‘The set of
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variables included is broad enough to reflect the interactions of different components of GNP
other than government purchases. Government purchases enters the system through two com-
ponents to capture the reactions of the system to different sources of spending.

The components of the system exhaust GNP, and therefore results about the effect of each
component on GNP itself can be obtained by appending an identity to the system which is the
sum of the eight elements of the original vector.

The estimated model has the form:

(1) Y()=C+ 3 AsY(t-s)+u(t)
s=1

where Y is a 8x1 vector of components of GNP, C is a 8x1 vector of constant terms, A is a 8x8
matrix of coefficients for s = 1 to m. The 8 x 1 vector of residuals u is identified by the property
that u(t) is uncorrelated with Y(s) for s < t. We will often refer to u as the vector of “innova-
tions” in the sense that at each t u(t) is the part of Y(t) that at time t-1 could not be predicted
with the information available at t-1. The variance-coveriance matrix of u, Euu’ will be de-

noted by Z.
Due to the fact that all the equations in the system have the same right hand side variables,

the estimation of C and A by OLS is efficient.
Once the coefficients of the autoregressive form (Ag) have been estimated, we can compute
the estimated coefficients for the moving average representation (Bg) by successive substitution

in equation (1) obtaining:
Q) Y = S}"_io Byu(ts) + D

As GNP enters the system as an identity, ouf complete model is a slightly modified version of
equation (1). Let us rewrite (1) in the form:
B)Y(@®) = ADY(H) + C +u(®)

where A(L) is 2 8x8 matrix whose elements are mth order polynomials in positive powers of the

lag operator.

Y
Let Y*(t) = GI\(Itlz ® ]
Then
AL O C
@ Y*(t) = [ i( ) O] Y*(t) + [0 ] [:(t)]

where i is a 8-dimensional vector of ones
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Let B* = [
0

Then the moving average representation for Y*(t) can be written as;
(5) Y*(t) = B*(L)u(t) + D*

or
6) YH) = ¥ Bfuk(ts) + D*
s=0

where the last row of equation (6) gives GNP as a function of present and past innovations of each
component of GNP. .

To understand the information embodied in the MA coefificients, it helps to think of the MA
representation as resulting from' simulations of the model. Let b*ij(s) be the ith row jth column
element of B*. Then b"ij(s) is the response of Y;j after s periods to an initial condition where all
variables are zero except for Yj which equals one. If the innovations u(t) for i = 1 to 8 present
strong contemporaneous correlation, it is unrealistic to trace out the response of the system to
a shock in one of the elements of u(t) alone. If, say, u; and Y have strong contemporaneous
correlation, an innovation in variable i is unlikely to occur unless a shock in variable j also occurs.
It is more realistic to look at the MA coefficients of a transformed system where residuals are
contemporaneously uncorrelated, so that the shocks applied to the system are more like the ones
that have occurred historically. We therefore want to replace u, with variance-covariance matrix
T, by a transformed vector v such that u = SV, EVV' =1, and where SS' = Z. Then we can
rewrite (2) as;

(7 Y@= é, B,SS™! u(t-s) + D

or

@® YO = sé«; CgV (t-s) +D
Then (5) becomes:

(9) Y*(9) = B*(L)S* Su*(t-s) + D*
or

(10) Y*(t) = Si C* V* (t-5) + D*
) =0

where S* and § are 9 x 9 matrix of the form S* = S
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There is not a unique way to transform the residuals to orthogonal ones, but if we impose the
restriction that S be lower triangualar with positive elements on the diagonal, then the transfor-
mation is unique. That is the kind of transformation used in this paper. What the lower triangular
transformation does is to let an innovation at t of the first variable in the system affect all other
variables at t. However, as we move down in the ordering of the variables, an innovation at t of
variable lower in the ordering (i.e., variables j such that j >i). Each V; is a linear combination of
Y for j < i which depends on the contemporaneous correlation of u; and uj. The ordering chosen
for the transformation is therefore important when the residuals have a strong contemporaneous
correlation,

The orthogonal transformation is also very useful when we want to look at how much of the
variance of one variable can be explained by each of the variables in the system,

If at time t we make the best linear predictor of Y* for K periods ahead, the prediction error

can be written as;
- K-
(11) :g: B*u (t-s) = sg,; CE V* (1-9).

As the components of V*are contemporaneously uncorrelated, the variance of the K-step ahead

prediction error can be expressed as the sum of eight components, each corresponding to one
element of V*

8 K}il * \k

S [ E CyVrGesl.

)

K-
(12) Var[ &  Cf V*(ts)] =
s=0 1

Although the variance of the prediction error is invariant to the ordering chosen for the
orthogonalization, the decomposition depends on the particular ordering,

In the eight-dimensional system of components of real GNP that has been estimated, the con-
temporaneous correlations of the residuals of any of the government purchases components with
the other variables residuals are small, although some of them are significantly different from zero.
(See Table I). '

Table II presents the decomposition of variance of the K-step ahead prediction error for
GNP, where K varies from 1 to 24. The orthogonal transformation has been done in the order in
which the variables are listed in the table. The percentage of GNP variance accounted for by
innovations in total government purchases is as high as 28% for some periods. The percentage
accounted for by central and local government purchases increases with the number of periods
and for lags exceeding 12 periods (3 years), central and local government purchases represents the
greatest contributor to variations in GNP. This result suggests that central and local government
purchases have a long-run effect on real output. The impulse response analysis that follows
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supports this observation. It is also interesting to notice that a high percentage of the variance of
government purchase components is accounted for by their own innovations. This fact is parti-
cularly true for military purchases, which suggests that other components of GNP do not help
much in predicting military expenditures. (See Table I1l and V).

Graph I & 11 presents the impulse response of GNP to shocks in central non-military and local,
central military government purchases. It also plots the response of each government purchase
component to its own shock. The vertical bars are two standard error bands about the estimated
MA coefficients. The Monte Carlo method used to estimate the standard error is described in the
Statistical Appendix.

The response of GNP to a shock in central and local government purchases is low initially
and increases continuously. And it becomes significantly different from zero for most periods,
persistent, and higher than the response of the GNP component to its own shock.

The GNP response to military government purchases initially positive and slightly different
from zero for first eight quarters. It declines continusouly after two years and becomes near zero
after about three years. The military government purchases response to its own shock is positive,
persistent, and significant for a few periods, also it is slightly lower than the GNP response for all
lags. :

We can consider the ratio [GNP response/response to own innovation] as a measure of the
multiplier effect of expenditure, and compare its value for the different components of govern-
ment purchases.

In the case of government military purchases, the ratio is slightly bigger than one for almost
every period. When observing central and local government purchases, we get a multiplier dis-
tinctively bigger than one for almost all periods except for the first few periods other than the
first one. The significance of this multiplier effect might be questioned when observing that the
confidence bands for the impulse reponses of GNP and central and local purchases overlap in many
periods. Nevertheless, the multiplier remains bigger than one for some periods even when the 99%
confidence interval bands are taken into account.

Several orderings have been tried, some with the government purchase components first, some
with it last. Also the position of military purchases relative to central and local purchases has
been varied, but this had no noticeable effect.

Placing government purchase components first in the ordering rather than at the end causes
the percentage of variance of GNP explained by them to be higher in the first few periods, but
has no significant effect on the later periods. The pattern of impulse responses is not affected by
the ordering changes mentioned here,

Some other components of GNP are more sensitive to the ordering, as might be expected by
looking at the correlation coefficients in Table I. In particular the ordering of durable consump-
tion relative to residential investment is relevant, for whichever comes first will explain a large
portion of the variables will be greater if that variable comes first in the ordering.

Altering the relative of the consumption and investment components does not change results
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regarding the dynamic interrelation between government purchases and GNP.

II1. Theoretical Model

The emperical results support the idea that there is not a unique effect of government pur-
chases on real output but rather several ones according to the type of government purchases we
are considering. The output responses to a shock in local government purchases suggest that they
should be treated as a capital component that improves the productivity of the private sector.
The composition of central and local government purchases (e.g., highways, education, utilities)

confirms this line of argument,
This section presents the outline of a class of environments where the path of government

purchases in exogenously given and takes the form of public capital that increases the marginal
product of the private production process.

Let us consider an economy with two divisible goods, one is either consumed or allocated in
private capital, the other is public capital. The available technology is a joint production process
that requires both types of capital, private as well as public.

There is a single infinitely lived representative household that derives utility from consump-
tion. Given the initial private capital stock and the stochastic process for public capital, the
household has to allocate resources between consumption and capital for next period’s produc-
tion.

The government sets a stochastic process for the public capital which is known to the house-
hold. Draws from this stochastic process generate the public capital sequence.

The social planner problem for this economy is:

(1) Max E, > AtU(CY
{Ct, Kpt+1} t=0

given Kpo and the stochastic sequence [Kgt] t=0 and subject to the constraints:

(2) Ct + Kpt+l < g (Kpt; Kgt, Kgt+1) + e,

Ct,Kpt+l > 0

u(.) is twice continuously differentiable with u'> o, u” <0.

g(.) is twice continuously differentiable and strictly concave on Kpt and Kgt with g, > 0,
g, > 0,85 <0,

ey is i.i.d. lognormal, and represents a random shock to technology, Kp and Kg are respecti-
vely private and government capital, 8 is the depreciation rate.

The social planner at time t chooses Ct and Kpt+1 given the information set t = {Cis1>

K lfors>0}

pt-s’ gt s+
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If we assume an interior solution, the necessary conditions for optimality are:
(3) U'(Cy = Nt
(4) BE{hi+1 [81(Kpt+1; Kgt+2, Kgt+1)] = At
(5) Ct+Kpt+l = g(Kpt; Kgt+l, Kgt) + e, fort = 1, 2, e

where {At} are stochastic Lagrange multipliers and Et is the expectation conditional on informa-
tionatt.

We are interested in comparing optimal paths for this economy under alternative setting for
the government capital process. In particular we want to analyze how an increase in Kg would
affect total output, consumption and private capital path.

If we assume that government capital is chosen below the optimal level,® increasing Kg at
some point in time provides a bigger production possibilities for this economy. This will result in
a higher level of output for some periods and most likely a larger path for consumption.

Considering that empirical results show a positive and persistent response of government
purchases to their own shock, if Kg increases at T it is likely that we also observe increases in
periods than T. This pattern of changes for Kg would contribute to get larger and more persistent
changes on output and consumption.

The model outlined above is the starting point for the theoretical part of the present research.
We want to specify a from for g(.) and u(.) to get solution paths for output, consumption and
capital and contrast its statistical properties with the ones found in the empirical section of this
paper. .

To generate solution paths for this model presents some difficulties due to the fact that
the model yields nonlinear conditions that involve expectations of future endogenous variables.
To get around this problem we intend to use an indirect solution method developed by Novales

(1983).

IV. Concluding Remarks

The main results can be summarized as follows:

_ Government purchase innovations account for a substantial part of the variance of GNP,
with central and local government purchases increasing their percentage of explanation as the
number of steps ahead increases.

— The response of GNP to an innovation in central and local government purchases is positive,
persistent andvmuch larger than the response of central and local government purchases to them-
selves. This multiplier effect is not observed as such in the response of GNP to an innovation in
government military purchases, which is slightly bigger than the response of military purchases to

themselves. -
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The above empirical results suggest that a model that treats government purchases as a single
expenditure component is not adequate.

To capture the effect of central and local government purchases on real output it seems more
appropriate to treat this kind of purchases as public capital that increases the marginal product
of the private production process.
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< Data and Statistical Appendix >

The Korea Quarterly Data is from the B.O.K. data base, from 1970. 1 to 1983. 111

All variables have been deflated by their own implicit price deflator (1980 base) when it was
available for the whole period considered. Implicit price deflators for central military purchases
and central non-military purchases were not available from 1970. I on, and therefore the price
deflator for Administration and defenses expenditure has been used for both components.

Durable Consumption (DC): Personal comsumption expenditures in durable goods (1980 con-
stant prices base for durable goods.)

Nondurable Consumption (NDC): Personal consumption expenditures, nondurable goods (1980
constant prices for nondurable goods.) + Personal consumption expenditures in services (1980
constant prices for service).

Residential Investment (IR): Gross private domestic fixed investment, residential (1980 con-
stant prices for private residential structures).

Increase in stocks (IST): Gross private domestic investment, change in business inventories in
1980 constant prices. ‘

Net Exports (NX): Exports of goods and services (1980 constant prices) — Imports of goods and
services (1980 constant prices).

Government Military Purchases (GM): Government purchases of goods and services: national
defense (1980 constant prices: central government purchases of goods and services).

Government Non-military Purchases (GNM): Central government purchases other than national
defense (1980 constant prices: central government purchases of goods and services) + Local
Government Purchases of goods and services (1980 constant prices). ‘

Investment in Producer Durables and Nonresidential Structures (INV): Gross private domestic
fixed investment: nonresidential structures (1980 constant prices) + Producers’ durable equip-
ment (1980 constant prices).

Gross National Product (GNP): DC+NDC+IR+IST+NX+GM+GNM+INV.

The results presented in Section II correspond to data that has not been detrended or trans-
formed in any way. Korea data does not seem to present a constant trend. Nevertheless, de-
trending has been tried, and a VAR of the detrended data. The main results about the dynamic
interrelations between government purchases and real output do not change substantially.

Detrending was done taking logarithmic transformation of the data first, and then fitting a
linear trend to each component of GNP (for change in business inventories, the estimate for GNP
was used). Let a; be the coefficient for the trend in the linear regression for variable i. Then, each
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variable was detrended by dividing its original value at t by exp (t-a;).

The estimated VAR has four lags. Systems with lag length varying from four to nine were
estimated. The four lag model performed better when comparing the Durbin-Watson, Box-Pierce
Q-statistic and standard error of estimated residuals.

The standard errors for the coefficients of the MA representation have been estimated follow-
ing the Monte Carlo Integration Method described by Kloeck and Van Dijk(1978). Draws are
made from the normalized likelihood, which is like th posterior distribution of the VAR coeffici-
ents with a flat prior. Doan and Litterman (1986) have implemented this Monte Carlo method
in their RATS program, which has been used to compute the estimates for this paper, The ex-
periment has been conducted with 100 draws.

< Footnotes >

A detailed description of the VAR technique can be found in Sims (1980a).

2. Money was found to be Granger causally prior to output in a system which includes money, output and the
price level. When interest rate is included in the system money is no longer Granger causally prior and
interest rate captures a high percentage of the explanation of output variance. For this result, see Sims
(1980b) and Litterman and Weiss (1986).

3. Work by Hulten and Peterson (1984) illustrate the fact that to set state and local government purchases

below optimal level is a reasonable assumption.
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GRAPH II
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Table 1. Contemporaneous correlations of the residuals from the estimated variables.

DC  NDC IR INV NX GM GNM  IST
DC .00  -.13 49 31 -15  -13 29 -.17
NDC -13 100 24 20 -.02 22 -12 13
IR 49 24 1.00 4 -12 -3 39 -.02
INV 31 20 41 100 -.46 30 30  -.25
NX -15  -.02 _12  -46 100 -1l -.05 .10
GM -.13 22 -.13 30 -1 1.00 .05 -.32
GNM 29 -2 .39 30  -05  -.05 1.00 .05
IST -17 -3 -02 =25 10 =32 05 100
COV (Xi, Xj)

* Corr (Xi, Xj) = \W-—=T——”(Xi) Var(Ki
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Table . Percentage of k-step ahead forecast error variance in GNP accounted for by each innva-
tion.

Innovation in

k DC NDC IR IST NX GM GNM INV
1 2.23 29 64.13 .00 .02 12.12 13.97 7.19
2 1.68 2.70 62.99 .65 87 8.28 13.62 9.16
3 1.98 2.36 57.05 289 211 6.70 10.25 16.62
4 4.73 3.03 5294 388 6.15 5.50 8.28 15.45
5 3.92 3.83 50.63 ) 361 557 6.42 10.72 15.27
6 5.49 4.18 48.21 393 523 © 770 10.70 14,53
7 5.19 3.90 45.57 467 791 9.07 10.07 13.57
8 4.95 4.31 43.49 550 7.53 11.00 9.75 13.44
9 6.39 4.44 37.83 483 6.83 14.36 13.29 11.99

10 6.16 4.76 37.13 507 6.58 1491 12.87 12.49

11 7.09 4.63 36.63 557 642 14.75 12.70 12.18
12 7.29 4.89 35.84 573 632 14.65 12.42 12.81
13 7.07 4.89 3534 - 5,63 6.42 14.74 13.33 12.53.
14 7.51 5.42 34.76 572 6.26 14.03 13.88 12.38
15 7.49 5.38 34.73 574 623 13.92 13.83 12.64
16 8.19 5.49 33.87 569 17.30 13.57 13.48 12.38
17 7.86 5.53 33.10 5.68 716 13.50 14.26 12.87
18 7.76 5.60 32.20 622 8.17 13.13 14.35 12,52
19 7.70 5.58 31.93 6.21 8.69 13.19 14.24 12.41
20 7.71 5.61 31.52 645 9.12 13.10 14.11 12.34
21 8.77 5.59 30.02 6.46 8.96 13.46. 15.01 11.67
22 8.68 5.74 29.56 6.89 9.10 13.32 15.00 11.66
23 8.61° 5.68 29.50 695 950 13.25 14.87 11.60
24 8.58 5.70 29.41 7.08 948 13.21 14.83 11.67
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Table 1ll. Percentage of k-step ahead forecast error variance in non-military purchases accounted
for by each innovation.

Innovation in

K DC NDC IR IST NX GM GNM INV
i .03 3.42 10.01 7.48 35 491 73.76 .00
2 .23 2.90 8.27 12.58 9.16 5.81 60.80 22
3 .22 3.82 11.10 11.03 8.06 5.42 55.24 5.08
4 2.65 7.42 11.17 1046 , 7.53 5.08 49.35 6.28
5 1.85 6.40 10.79 16.25 5.25 3.86 46.57 8.99
6 2.63 6.00 . 10.13 19.05 5.1 3.61 44.87 8.55
7 3.64 5.75 11.87 18.68 5.94 3.47 42.48 8.13
8 3.84 5.61 12.32 18.23 5.75 5.06 41.29 7.86
9 3.94 5.79 10.99 22.49 6.47 4.89 38.35 7.04

10 3.96 6.22 10.87 22.36 6.51 5.02 38.00 7.01
11 461  6.11 11.13 21.63 7.53 494 37.22 6.79
12 4.60 6.23 11.60 21.37 7.56 5.03 36.77 6.80
13 4.38 6.12 10.99 24.29 7.61 4.81 35.04 6.72
14 4.38 6.41 10.91 24.13 7.81 4.78 34.87 6.67
15 4.37 6.31 10.91 23.61 8.09 4.91 35.23 6.53
16 4.62 5.37 11.32 23.38 8.01 4.88 34.89 6.49
17 4.51 6.25 11.02 24.49 9.11 4.77 34.33 6.41
18 4.65 6.57 10.92 24.33 8.49 4.74 33.95 6.32
19 4.60 6.55 10.83 24.10 8.52 4.87 34.23 6.24
20 4.89 6.61 10.93 23.99 8.46 4.87 3392 6.30
21 4.83 6.53 10.86 24.45 8.41 4.87 33.76 6.25
22 4.85 6.73 10.75 24.45 8.85 4.86 33.31 6.16
23 4.83 6.69 10.66 24.42 8.79 5.08 33.37 - 6.11
24 5.11 6.79 10.62 24.33 8.77 5.06 33;12 6.15
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Table IV. Percentage of k-step ahead forecast error variance in military purchases accounted for
by each innovation.

Innovation in

K | bC NDC IR IST NX GM  GNM  INV
1 .00 0 .00 00 .00  100.00 00 .00
2 | 264 66 261 201 364 7691 1102 .47
3 | 285 83 701 293 466 7069  10.55 43
4 | 267 77 676 407 490  67.55 1055  2.49
5| 513 1.84 642 481 38 6546 859  3.85
6 | s5.58 255 652 998 3.8 5781 159 607
7 | 533 248 672 1067 404 5522 831 7.9
8 | 551 224 6.3 9.85 401 5643 809  7.69
9 | 592 512 587 947 417 5418 787 736
10 | 580 513 611 991 470 5295 797 738
11 | 605 514 602 993 463 5292  7.85 7.4
12 | 5.98 511 594 997 508 5268  7.86  7.34
13 | 636 670 593 973 534 5122 749 7.8
14 | 627 6.64 586 1029  5.83 5034  7.66  7.06
15 | 693 672 614 1011 573 4992 751 691
16 | 687 670 620 1008 58 4974  7.63 685
17 | 6.91 759 628 1033 605 4879 738 663
18 | 678 7.50 623 1122 653 4788 124 657
19 6.97 7.53 6.30 11.36 6.51 47.43 723 6.63
20 | 687 744 622 1126 665 4743 153 6.56
21 | 682 827 608 1154 68 4661 735 640
22 | 673 820 600 1229 722 4595 725 633
23 | 688 816 601 1246 723 4563 727 632
24 | 681 814 59 1235 728 4561 755 6.5
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