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HENDRIK P. VAN DALEN 
Err~mus University Rotterdam 

Rotterdam, The Netherlands 

Intertemporal Substitution in War 
and Peace: Evidence from the 
United Kingdom, 1830-1990" 

In this paper we present estimates of individual value of public consumption and the inter- 
temporal substitution elasticity by means of the Euler-equation approach. Historical data for the 
United Kingdom covering the period 1830-1990 are used to measure the effect of public 
consumption on private consumption. The U.K. intertemporal substitution elasticity is 0.24 and 
the shares of private and public consumption in the aggregate consumption bundle are 92% and 
8%, respectively. The positive valuation applies only to wartime years. In peacetime years 
government and private consumption goods can at best be described as independent goods. 

1. Introduction 
Economists  engaging in dynamic economic analysis often take the 

formation of  preferences  for granted and usually fix the rates of  t ime pref- 
erence  or the inter temporal  substitution elasticity at plausible and somet imes 
convenient  numbers .  Changes in technology and endowments  are considered 
to be  far more  important  for explaining economic fluctuations than changes 
in taste. Another,  more  compell ing argument  for not imputing values to 
personal tastes is the bel ief  that  interpersonal or intergenerational utility 
comparisons cannot  be  made.  This stance was most vividly expressed by 
economists like Paul Samuelson and Lord Lionel Robbins. The  Paretian view 
was that the indifference-curve approach was operationally superior to the 
cardinal approach. This stance embodied  the view that utility was defined as 
measurable  up to monotone  transformations, which boils down to the con- 
cept of  ordinal utility rather  than cardinal utility. The issue of cardinality is 
revived again today as neoclassical authors employ "guesstirnates" of  pref- 
erences in their simulation studies and commen t  on the desirability of  
business cycle stabilization and tax rate smoothing. For  instance, the value 
of  a rate of  t ime preference  and the inter temporal  substitution elasticity are 
of  pr ime importance in understanding savings developments  and the nor- 
mative question whether  countries are accumulat ing sufficient resources with 

*Research was carried out with the support of the Netherlands Organization for Scientific 
Research (NWO), research grants #18.509 and #450-2"26-026. Constructive comments by Otto 
Swank and an anon~nous referee are gratefully acknowledged. 
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respect to future needs. In their scientific and practical endeavor, modern- 
day economists have made a division of work. Some estimate and others 
theorize, and still another group just practices economics and makes deci- 
sions, by intuition or by rule-of-thumb. The troublesome part of this division 
of work is that the more theoretically inclined economists choose convenient 
parameters in simulating economies, parameters that are sometimes out of 
touch with reality. To give an example: on the one hand, Auerbaeh and 
Kotlikoff (1987) set the rate of time preference at 1.5% and the intertemporal 
substitution elasticity at 0.25. On the other hand, Hall (1988) doubts whether 
the intertemporal substitution elasticity will be as high as 0.25. He finds 
evidence for the U.S. economy that this particular elasticity is close to zero 
and at some instances even negative. He interprets the small intertemporal 
substitution elasticity as an individual preference for flat lifetime consump- 
tion paths, whereas Campbell and Mankiw (1991) and Caroll and Summers 
(1991) question the underlying permanent income hypothesis and simply 
ascribe the low interest rate sensitivity to rule-of-thumb behavior: consumers 
consume a fixed fraction of their income, thereby making consumption 
excessively sensitive to current income fluctuations and hardly sensitive to 
permanent income changes: The trouble is that one cannot do away with the 
wide dispersion in parameter values with the argument that one is only 
interested in comparative dynamics and statistics, and not in the equilibrium 
itself. The speed of adjustment in a dynamic system depends crucially on, 
among other parameters, the rate of time preference and the intertemporal 
substitution elasticity (see Buiter 1993). Applied economists who have to 
work with these numbers are inclined to abstain from macroeconomic es- 
timates and choose numbers that seem plausible. 

This paper is inspired by the lack of robust estimates of "growth" 
parameters, that is, parameters that are pivotal to the neoclassical theory of 
economic growth. In this paper I address two questions. The first question 
refers to the magnitude of the intertemporal substitution elasticity and the 
stability of this parameter over time. The second question addresses an issue 
that is of equal relevance to policy makers, namely, does the individual 
consumer value public consumption? Recent contributions to economic 
theory 2 have stressed the importance of public consumption in understanding 
private consumption fluctuations. For instance, Djajic (1989) shows that for 
a thorough understanding of the fiscal policy effects of a government op- 
erating in a small open economy it is of some importance to know whether 

1Subsequent research by Attanasio and Browning (1993) showed that the rule-of-thumb 
consumer theory no longer applies if one takes account of the demographic characteristics of 
the representative consumer. 

ZSee Flemming (1988), Djajic (1987, 1989), Barro (1990). 
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public and private consumption are (Edgeworth) independent, substitutes or 
complements and whether the public good is a normal good or an inferior 
good. The empirical question, whether or not public consumption affects 
private consumption decisions and to what extent, has to be answered if one 
wants to ascertain the fiscal policy implications. In this paper I employ 
historical data on consumption, interest rates and wages for the U.K, econ- 
omy for the period 1830-1990 and I explore the question whether the 
extended version of the permanent income hypothesis (PIH), in which public 
and private consumption are interrelated, is applicable. The use of long-run 
time series applies especially to the case of public consumption, first, since 
the composition of public expenditures on non-productive services and goods 
is dominated by defense expenditures. Measuring the usefulness or value of 
this type of public consumption expenditure will yield an incomplete picture 
if one restricts attention to peacetime years. Second, the neoclassical theory 
of public finance repeatedly uses the test case of periods of war and peace 
to analyze the economic consequences of temporary and permanent changes 
in government expenditure. 3 A logical step is to examine the public and 
private consumption fluctuations in circumstances of war and peace. A third 
point for considering long-run data is of a more general nature. The much 
used infinite-horizon consumer model has hardly been put to the test? The 
deep parameters of the so-called representative agent are assumed to be 
constant; an assumption that is questionable, as will become apparent. 

With respect to the valuation of public consumption it will be shown 
that public and private consumption are (Edgeworth) substitutes. The val- 
uation of public consumption by the individual consumers remains constant 
and the share of public consumption in the individual welfare bundle ranges 
from 5% to 8% in the United Kingdom. In peacetime years the public 
consumption is not that much appreciated. In addition to this novel result, 
we find that the intertemporal substitution elasticity is positive and approx- 
imately 0.24. However, analysis of U.K. consumer behavior shows that the 
intertemporal substitution elasticity has increased over time and approaches 
0.5 for the post-World War II period. 

The structure of this paper is simple. In Section 2 I measure the 
intertemporal substitution elasticity by means of the Euler-equation ap- 
proach, an approach, initiated by Hall (1978, 1988), which measures the 
interternporal substitution elasticity directly by estimating a partial first-order 

:3See, for example, Barro (1981, 1987), Lueas and Stokey (1983), Ahmed (1986, 1987), and 
Flemming (1988). 

'*One notable exception is perhaps Evans (1992) who examines the implications of finite mad 
infinite horizon consumers for the real interest rate by using long-run U.S. data. He concludes 
that the empirical implications are broadly consistent with infinite horizons, but inconsistent with 
finite horizons. 
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condition to a dynamic programming problem. The novel element of this 
paper is the inclusion of public consumption as a determinant of private 
consumption. The Euler-equation is estimated for the United Kingdom lbr 
the period 1833-1990. Section 3 examines whether the parameters estimated 
are stable and to what extent the U.K. consumer values temporary and 
permanent government consumption streams. Section 4 contains the con- 
clusions. 

2. A Model of Public and Private Consumption 
In this section I examine the importance of including government 

consumption for private consumption decision making. In fact, we are ex- 
amining an extended version of the permanent income hypothesis. The 
permanent income hypothesis of consumption in its most rudimentary form 
boils down to the proposition that only the permanent lifetime income of 
consumers matters when evaluating current consumption decisions. Hall 
(1978) suggests that one can study aggregate consumption behavior by es- 
timating Euler equations. To be more precise, he is of the opinion that 
aggregate consumption should be modeled as obeying first-order conditions 
for optimal choice of a single, forward looking representative consumer. 
Assuming general preference functions one can test the assertion that the 
marginal utility of consumption follows a univariate first-order Markov pro- 
cess, and that no other variables "Granger cause" the marginal utility of 
consumption. In other words, Hall (1978) and other authors tested the 
prediction that the marginal utility of consumption is a martingale, that is, 
a stochastic process, x~, that satisfies Etx~l = x~. This so-called Euler approach 
has become quite popular, mainly because the Euler equations offer the 
economist an econometrically operational form, namely, partial equilibrium 
propositions that can be estimated without paying attention to the production 
technology of a particular country. A simplifying assumption made by Hall 
(1978) and his followers was that the real rate of interest be constant over 
time and equal to the subjective rate of time preference. In his 1988 paper 
in the Journal of Political Economy Hall re-examined the consumption Euler 
equation by taking interest rate fluctuations into account and stated that the 
elasticity of intertemporal substitution was close to zero. The time-series 
estimates of a small intertemporal substitution elasticity have been contra- 
dicted by estimates of Skinner (1985) and Hurd (1992) based on panel data. 
In this section we want to extend the simple PIH by looking at the influence 
of government consumption on private consmnption decisions. 

Because the problem of the extended PIH is not completely standard 
we will briefly expand on this extension. The representative family in this 
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particular set-up has to choose a consumption path over an infinite lifetime 
so that the expected utility is maximized: s 

Max E0 [I(7 e-(P+=)t U[C(t),  C(t)] d t ] .  (1) 

The utility maximization plan is constrained by dynamic budget constraints 
applying from time zero to infinity: 

A = r( t )a( t )  + W( t )  - C(t) - r ( t )  g t ,  a(0) = 0 ; (2) 

where 
c ( t )  = 

E t = 

A(t )  = 
A = 

r ( t )  = 

T(t) = 
w ( t )  = 

c ( t )  = 

p = 
= 

per capita consumption at time t, 
the mathematical expectation operator conditioned on infor- 
mation known to the consumer at time t, 
assets (or indebtedness, if negative) of the family at time t, 
change (in continuous time) in the asset position, 
the real rate of return on assets at time t, 
lump-sum tax at time t, 
current real wage income available for consumption at time t, 
government consumption per capita at time t, 
the rate of time preference (p > 0), 
lifetime uncertainty (or the constant probability of death per 
unit of time, with ~ > 0). 

Alternatively, for a small open economy one can interpret A(t)  as interna- 
tionally traded foreign debt or bonds. Finally, the capital market rules out the 
possibility of indefinitely large and growing borrowing: 

t 

lira A(t)  exp [ -  ~irt: dr] = O. (3) 
t - - ) ~  

The instantaneous utili~ function U(.) satisfies the following conditions, U i 
> 0, and Un < 0 for i = C, G. The interaction between C and G (Ucc)  is to 
be determined. A distinction between durable and non-durable consumption 
goods cannot be made for lack of data. This is to a certain extent unfortunate 
since it would allow us to test the hypothesis whether expenditures on 
durables and non-durables behave differently. Mankiw (1982) showed that, 

SSome might object to the use of neoclassical theory, to wartime periods, since these periods 
are not characterized by consumer sovereignty (see tfiggs 1992). An 'alternative interpretation, 
namely, that of the social planner who controls government consumption expenditures directly 
and who cares about private consumption indirectly (through the social welfare function), might 
be a more appropriate interpretation. Estimating this type of relationship yields almost identical 
results with the private consumption Euler equation (see, fbr example, Van Dalen 1993). 
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contrary to theory, the time series behavior of durables expenditures exhib- 
ited the same type of behavior as expenditures on non-durables. 6 

Government expenditure is defined as the total of gross public expen- 
diture on goods and services, excluding debt charges. The bundle of so-called 
government consumption is in large part determined by defense expendi- 
tures. Besides defense goods and services the bundle also includes costs of 
collection, the total expenditure on civil government services, like salaries 
of public departments, law and justice, etc. Because of the dominance of 
defense expenditures in the public consumption package it is quite logical to 
examine the usefulness of the public good in times of war when national 
property rights are at stake. Those are the times when the public good is 
expected to be valuable. In peacetime years we anticipate that the merits or 
usefulness of the public good are less appreciated. In that respect we treat 
defense expenditures as a consumption good that gives the private consumer 
a "safe" feeling. Of course, one can take a different view by looking upon 
defense expenditures as an investment good, 7 defending the property rights 
of private investors. The ambiguous status of defense expenditure goods is, 
however, an issue that is somewhat outside the scope of this paper. Fluc- 
tuations in government expenditure are considered to be e x o g e n o u s  for the 
representative household. Since government consumption is non-separable 
in private utility it will influence individual decision making. The dynamics 
of private consumption can be readily seen by combining some first-order 
conditions: 

ucc  c + f c c  ~ = Uc(p + n - r(t)), (4) 

In order to allow flexibility we will use the following iso-elastic utility function 
(for o ;~ 1, and ~ > 0): 

1 
U = 1 - - -  [ C ( t ) a G ( t ) l - a ]  1 - ~  , (5) 

1 - o  

where C~.G 1-= represents the aggregate consumption bundle, and l/or is the 
elasticity of intertemporal substitution in aggregate consumption. The con- 
sumption bundle is a weighted mixture of private and public consumption, 
with weights cz and (1 - cz), respectively (0 < cz _< 1). The parameter o does 
double duty in this particular set-up. Besides determining the degree of 
intertemporal substitution in aggregate consumption it also determines the 
temporal degree of substitutability between public and private consumption. 

6Caballero (1990) shows that once one examines lower frequencies of  the data one can detect 
a difference between time series behavior of  durables and non-durables. 

7See Braun and McGrattan (1993). 
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I f a  ~(0,1) then UcG > 0 and i f c  > Ucc < 0. The iso-elastic utility function 
(5) enables us to write down the differential equation describing aggregate 
private consumption growth: s 

1 ( G )  
C ( t ) - l + a ( ~ -  1) r t - p - r t - ( 1 - - c t ) ( a -  1 ) ~  . (6) 

In estimating this first-order condition we had to approximate the lifetime 
uncertainty variable, because data on lifetime uncertainty as such are not 
available for the sample period 1830-1990. The proxy variable is defined as 
the minimum death rate (per 1,000 persons) observed in the sample (namely, 
11.0 in 1948) divided by the crude death rate of year t. As it is defined here 
it approximates the lifetime uncertainty in a rudimentary manner. Because 
the variable is merely an approximation of the theoretical notion of lifetime 
uncertainty (n), we will use this demographic variable mainly to control for 
the change in life expectancy over the sample period. Figures la through ld 
show the main variables over the entire sample period, namely, the per capita 
public and private consumption growth rate, the (ex post) real interest rate 
and the variable approximating lifetime uncertainty. A full description of the 
data is given in the appendix. 

The basic model to be estimated is (formulated in discrete time): 

ACt AGt 
t C - - = ~ + 0 r t + ~ '  Gt + ~ t + g t ,  (7) 

where, ACe/Ct is the percentage growth rate in per capita consumption, r t is 
the expected real interest rate, ~t is the constant element in consumption 
growth which in cases of the PIH should be statistically significant, 0 is the 
interest rate elasticity of consumption, ~/is the private consumption elasticity 
with respect to a change in the public consumption growth rate, 8 is con- 
sumption elasticity with respect to a change in lifetime uncertainty and, 
finally, E t is error term which is i.i.d. 6 - (0, a~). The anticipated sign of 0 
is positive since "when the real interest rate is expected to be high, the 
consumer will actively defer consumption to the later period" (Hall 1988, 
342). Parsimonious use of the data implies estimating in levels. However, the 
series are integrated of order one, implying that we should use the Euler 
equation formulated in first differences, or growth rates as in Equation (7). 
Table I shows a number of stationarity tests for the key variables. The various 
augmented Dickey-Fuller (ADF) test statistics are presented for the full 

SOne can arrive at a synnnetric differential equation for government consumption if one takes 
the opposite position that government consumption is set in a similar infinite horizon framework. 
In the present context government consumption is, however, an exogenous variable. 
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TABLE 1. Testing for Stationarity a 

1830-1990 1830-1914 1914-1990 

¢c cot ¢o. ¢c ¢ .  ¢,,. ¢c ¢ .  ¢,,~ 

Private consumption 
l 6 4.21 3.19 3.51 0.12 -2.61 2.60 
c b -5.45* -6.22* -3.94* -3.81" -3.48* -2.48* 
Public consumption 
l -2.28 -4.37* -1.04 1.22 -0.50 1.82 
c -6.03* -6.01" -5.75* -3.39 t -3.58 t -2.74* 
Interest factor 
l -0.19 -3.75 t 1.28 3.85 0.17 4.49 
c -4.62* -4.71" -3.82* -5.61" -5.79* -1.89 
Lifetime uncertainty 
1 -0.57 -2.05 1.67 2.72 0.10 2.91 
c -6.88* -6.85* -6.44* -5.09* -6.31" -4.40* 

3.16 0.56 2.96 
-3.73* -4.70* -2.75* 

-2.95 t -3.12 -0.72 
-4.61" -4.79* -4.41" 

-0.77 -2.94 0.62 
-3.52* -3.60* -3.44* 

-2.20 -2.92 0.60 
-4.39* -4.37* -4.34* 

NOTES: (a) The symbols ~c, Oct and O,c t denote the Augmented Dickey Fuller (ADF) 
test-statistic with a constant, ADF with a constant and a trend term and ADF with no trend or 
a constant, respectively. The lag length is roughly equal to the third root of the sample size (see 
Said and Dickey 1984), that is, approximately 5 years for the full sample and 4 years for the 
subsamples. 

(b) The letters "1" and "'c" denote "levels" and "change" of the relevant variables, 
respectively. 

~Statistically significant at 5% level, based on MacKinnon critical t-levels. 
*Statistically significant at 1% level, based on MacKinnon critical t-levels. 

sample period and for the subsamples 1830-1914 and 1914--1990. The 
general observation is that these unit root tests reveal that the relevant 
variables formulated in percentage changes are stationary, contrary to the 
variables formulated in levels .9 Private consumption is clearly non-stationary, 
whereas private consumption growth is stationary across all unit root tests and 
across sample periods. Government consumption is a different matter. The 
unit root test that includes a trend makes clear that government consumption 
is a trend-stationary variable. However, given the weak support for station- 
arity across the different samples and for different unit root tests, we have 
restricted our attention to the consumption model formulated in growth 
rates. 

9Furthermore, we can report that the null hypothesis that any combination of the variables 
used in the analysis (private and government consumption, real interest factor, and lifetime 
uncertainty) are cointegrated can for plausible significance levels by and large be rejected. For 
considerations of space we have suppressed the full set of test statistics. They are, of course, 
available on request. 
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The appropriate method of estimating the Euler equation is a standard 
instrumental variables (IV) procedure (see Mankiw 1981). For one reason, 
because the theory deals with rational expectations and information sets. The 
method of instrumental variables (IV) incorporates the idea of rational ex- 
pectations: the instrument set is an approximation of the information set the 
consumer uses in forming rational expectations about the future course of 
the economy. The key parameters can all be identified from Table 2 (see the 
notes below the table). 

Table 2, summarizing the estimation results, has ten columns. The first 
gives the method of estimation and the instruments used. In the cases 
examined in Table 2 we have used the instrument sets A (covering one and 
two-year lagged private and public consumption growth rates, real interest 
rates, the absolute change in the nominal interest rate and the lifetime 
uncertainty) and B (covering the one and two-year lagged public and private 
consumption growth, real interest rate, lifetime uncertainty, the inflation rate 
and a time trend). The OLS estimates are given as a benchmark. Columns 
2 to 4 give the adjusted R 2 for the first-stage OLS regressions of the per capita 
public consumption growth rate, the real interest rate and the lifetime 
uncertainty on the instrumental variables used. In parentheses one can find 
the probability value for a Wald test of the hypothesis that all coefficients 
except the intercept are zero. These first stage regressions are given because 
the reliability of the IV estimates depend on the forecasting quality of the 
instrument set. As Nelson and Startz (1990) point out, instrumental variables 
procedures can be statistically unreliable when the instruments have only 
weak forecasting power for the fight-hand side variable. For instance, the 
instrument set B_ 1, as used in row 7, is a good predictor of the real interest 
rate and lifetime uncertainty: it explains 31% and 95% of the variation in these 
variables, respectively. It is, however, a we'0k forecaster of the growth in 
public consumption: instrumental variables in set B_ t are jointly significant 
at the 5.7% level in forecasting public consumption growth. 

Columns 5 to 8 give the IV-estimates of the structural coefficients, 
namely, the intercept (p,), the intertemporal substitution elasticity (0), the 
influence of public consumption on private consumption (~t) and the effect 
of a change in lifetime uncertainty (5). In parentheses I have reported the 
absolute t-value. Rows 3, 6, 12 and 13 include the first-order moving average 
term, MA(1), in the estimation in order to check for serial correlation due 
to time aggregation of variables. According to Hayashi and Sims (1983) one 
way of solving the serial correlation problem is by lagging instruments at least 
two periods. However, serial correlation may be caused by misspecification 
arising from omitted variables. Patterson and Pesaran (1992) proposed to 
jointly estimate the MA-process and the structural coefficients so as to avoid 
the possibility of invalidly rejecting feasible instruments. Their methodology 
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T A B L E  2 .  U.K Consumption in War and Peace, 1833-1990: 
ACt AGt 

C t  - g + Ort + y Gt + 5~ 

Method 

of adj. R 2 first 
estim, stage regressions Structural coefficients 
and Model 
period G-eq. r-eq. n-eq. g est. 0 est. yest. 5 est. D.W. test 

1. OLS -1.081 0.124 -0.022 2.704 1.87 
wartime ~ (1.216) (2.694) (2.088) (2.330) 

2. I V : A  0.481 0.959 -1.773 0.259 3.216 1.75 0.021 
(0.000) (0.000) (1.838) (3.936) (2.586) (0.201) 

3. IVMA: 0.481 0.959 -1.213 0.265 2.450 1.97 0.003 
A b (0.000) (0.000) (1.261) (3.829) (1.978) (0.394) 

4. IV: A_~ 0.307 0.944 -1.930 0.281 3.372 1.74 -0.005 
(0.000) (0.000) (1.908) (3.348) (2.633) (0.517) 

5. IV: B 0.164 0.471 0.962 -1.689 0.216 -0.044 3.405 1.84 -0.008 

(0.000) (0.000) (0.000) (1.741) (3.173) (1.908) (2.721) (0.486) 
6. IVMA: 0.164 0.471 0.962 0.201 0.126 -0.029 1.073 1.93 0.030 

B " (0.000) (0.000) (0.000) (0.212) (1.790) (1.293) (0.877) (0.124) 
7. IV: 0.038 0.310 0.950 -2.183 0.259 -0.094 4.177 1.72 -0.028 

B ~ (0.057) (0.000) (0.000) (1.862) (2.657) (2.017) (2.721) (0.947) 

8. OLS, -0.882 0.027 0.011 2.942 1.90 
peacetime "~ (1.417) (0.583) (0.421) (3.681) 

9. IV; A 0.234 0.269 0.977 -1.491 0.186 0.029 3.122 

(0.000) (0.000) (0.000) (2.089) (1.866) (0.496) (3.579) 
10. 1V: B 0.235 0.226 0.979 -1.155 0.072 -0.007 3.191 

(0.000) (0.003) (0.000) (1.654) (0.720) (0.117) (3.805) 
11. IV.. A 0.455 0.750 0.174 -20.571 0.236 0.033 23.435 

1922~39, (0.000) (0.000) (0.000) (0.980) (2.246) (0.604) (1.058) 
1948~90 

12. IVMA: 0.273 0.552 -0.001 10.467 0.481 -0.026 -9.550 
A, 1948-90 a (0.000) (0.000) (0.444) (0.418) (4.513) (0.151) (0.361) 

13. IVMA: 0.552 1.516 0.439 
A, 1948~90 ~ (0.000) (4.998) (4.323) 

1.94 0.035 
(0.133) 

1.92 0.004 
(0.346) 

1.83 0.105 
(0.074) 

1.99 -0.228 
(0.995) 

1.89 -0.184 
(0.968) 

NOTE: The columns labeled "g estimate", "0 estimate", "'~, estimate", and "8 estimate'" 
report the IV-estimate of the intercept, the intertemporal substitution elasticity, the govern- 
ment's influence on private consumption, and the influence of mortality rate on consumption. 
The instrument set A was used in the IV-estimation and it includes once and twice lagged public 
and private consumption growth, real interest rate, the absolute change in the nominal interest 
rate and the chance of being alive. Instrument set B consists of one and two-year lagged public 
and private consumption growth rates, the real interest rate, the inflation rate, the chance of 
being alive and a trend factor. A subscript - 1  with the instrument set denotes the absence of 
one-year lagged instrumental variables. The key parameters can be identified as follows: (~ = (1 

- ~,)/0, a n d  (~ = (1 - 0 ) / (1  - ~, - 0). 

(a) The war sample period is the complete sample, whereas the peacetime sample period 
consists of 1833-1854, 1857-1899, 1903-1913, 1922-1939 and 1948-1990; (b) Estimated with 
an MA(1) process: 0.130 (1.524); (c) Estimated with an MA(1) process: 0.046 (0.536); (d) MA(1): 
0.341 (2.152); (e) MA(1): 0.262 (1.640). 
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enables them to select an appropriate set of instruments; for example, if an 
MA(1) process is not present, once-lagged variables are potentially valid 
instruments; on the other hand, if an MA(2) process is present, twice-lagged 
variables are not potentially valid. In row 2 of Table 2 the instrument set A 
includes one-year lagged instrumental variables. In row 3 we test for the 
presence of a significant MA(1) term. Although not significant at the 5% level 
of significance, there are some signs of serial correlation. Leaving out the 
one-year lagged variables in row 4 improves the estimates, although the 
instrument set loses some information on the variables to be forecasted. 

Column 9 gives the Durbin-Watson statistic as an extra check on serial 
autocorrelation. Finally, column 10 gives the adjusted R 2 for an OLS re- 
gression of the residual from the IV-regression on the instruments. This 
diagnostic statistic has to be calculated because a typical problem when 
testing rational expectations is that one has to deal with unobservable vari- 
ables, namely, market expectations of future interest rates. IV-estimation of 
the first-order condition (7) can be thought of as a restricted system of two 
equations. When the number of instruments, K, exceed the number of 
unobservable variables Equation (7) places nonlinear overidentifying restric- 
tions on the general system of equations underlying IV-estimation (see Startz 
1983). One can test the overidentifying restrictions by the following proce- 
dure. The sample size, T, times the adjusted R e from this regression should 
have a ;(2 distribution with (K-  1) degrees of freedom (where K is the number 
of instrumental variables) if the model is well specified and the equation error 
is homoskedastic and serially uncorrelated. Furthermore we use a Wald test 
for testing the joint significance of the instrumental variables (see for a more 
extensive interpretation of these statistics Campbell and Mankiw 1991). As 
one call see there is evidence against the overidentifying restrictions in rows 
2 and 3, whereas no evidence against these restrictions can be found in row 
4 where we have left out the one-year lagged instrumental variables of 
instrument set A. 

In general, for the entire sample period 1833-1990, including the war 
years, the extended PIH cannot be rejected for row 5: all structural coeffi- 
cients have plausible signs and magnitudes and are statistically significant. 
The intercept is significantly negative (at 5% confidence level). The increase 
in lifetime expectancy has led to an increase in the consumption growth rate 
(compare Skinner 1985). More importantly, Table 2 shows quite clearly how 
the U.K. consumer values the growth of government consumption services, 
namely, for the period 1833-1990 estimated with instrument set B and B_ 1 
(rows 5 and 7, respectively): 5% to 11% of his utility bundle derives from 
public consumption and 95% to 89% from private consumption, respectively. 
As mentioned earlier the estimates of row 7 are to be interpreted cautiously 
because of the poor performance of the instnament set B 1 as a forecaster 
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of public consumption growth. The estimate of c~ = 0.95 seems therefore to 
be closer to the true utility parameter than c~ = 0.89. These estimates refer, 
however, to periods that include the war years. If we were to exclude the four 
war periods (namely, the Crimean War, 1854-1856; the Boer War, 1899- 
1902; World War I, 1914-1918; and World War II, 1940-1945) together with 
the aftermaths of those wars we obtain quite different estimates (see rows 
8 to 13). First of all, the applicability of the consumer model deteriorates in 
the peacetime sample period. Overidentifying restrictions have to be rejected 
and parameter estimates become insignificant. The most important conclu- 
sion, however, is that government consumption is no longer valued in a 
non-separable manner. This stands to reason since the future of individual 
consumers depends quite strongly on the amount of government expendi- 
tures in times of war. In peacetime years the use or utility of government 
consumption is perhaps too abstract to be of value to the average U.K. 
consumer. 

The a n @ i s  of aggregate time series of consumption, interest rates and 
income for the U.K. economy offers us an opportunity to compare these 
results with earlier studies. A number of results presented in this paper 
contradicts earlier findings and a number of results is novel. Campbell and 
Mankiw (1991) came to the conclusion that the U.K. was an exceptional ease 
among other industrialized countries with respect to the excess sensitivity to 
current income changes. In general they find that the fraction of rule-of- 
thumb consumers is not that large and that the real interest rate has a 
significant, though sometimes negative effect on consumption growth. The 
present study shows that the negative interest rate effect is not a robust 
finding. Patterson and Pesaran (1992) estimated the Campbell and Mankiw- 
model for the U.K. and U.S. economy and they found for the U.K. positive 
intertemporal substitution elasticities in the range of 0.2 to 0.3. More im- 
portantly, Patterson and Pesaran's analysis showed that the Campbell and 
Mankiw evidence of rule-of-thumb behavior for the U.S. was not robust to 
changes in the sample period. The U.K. estimates were however stable over 
the sample period (1955:i-1989:iv). The analysis in this paper showed that 
over a larger sample period the stability of the Patterson and Pesaran esti- 
mates is confirmed. 

A number of additional characteristics can be derived from the esti- 
mates. First, whether public and private consumption are (Edgeworth) eom- 
plements (UcG > 0), independent (UcG = 0) or substitutes (UcG < 0). Second, 
whether public consumption is viewed as a normal good or an inferior good. 
I f G  t is a normal good we know the following condition has to apply: Ucc/Ucc 
< U J U  c. Alternatively, if G t is an inferior good U c d U c c  > Uc/U c (see for 
a complete derivation of these conditions, Djajie 1989). The parameter 
estimate of ~ lies in the range between 4 and 5. Together with the weight 
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ct being significantly positive and in the interval (0,1) one can deduce that 
public and private consumption are Edgeworth substitutes. Furthermore the 
inequality indicating whether a good is normal or inferior can be written down 
explicitly: 

( 1 - a ) ( 1 - o )  ( 1 - ~ )  
(8) 

a[(1 o) a -~] < 

The right-hand side of condition (8) amounts to Samuelson's (1954) formula 
for the optimal level of public good provision, namely, U c = U c. Writing down 
this condition one obtains the following expression: 

G _ (1 -(~) (9) 
C 

Substituting the estimates of Table 9, into conditions (8) and (9) one arrives 
at the conclusion that the public consumption good is a normal good and the 
optimal level of public consumption amounts to 5.3°# of the level of private 
consumption (for ~ = 95%). Knowledge of these properties is essential to 
examine the real effects of changes in government consumption. Under 
certain restrictive assumptions (such as p = rt), Djajic (1989) shows that, if 
public and private consumption are substitutes, a temporary increase in 
public consumption generates (i) an initial current account deficit if Uca/Ucc 
< 1; or (ii) a surplus if UcUUcc > 1. The appearance of a surplus in the advent 
of a war is however unlikely since we have derived the fact that G t is a normal 
good and only for relatively low values of G t will a temporary increase in G 
generate a current account surplus. 

3. Sensitivity Analysis 
At this point we want to ascertain whether the estimates are affected 

by the exclusion of possible explanatory variables and whether the parameters 
are constant over time. To focus on the first point, an omitted variable that 
is often suggested is current real income. Mankiw (1981) and Campbell and 
Mankiw (1991) tested the null hypothesis that current income movements 
do not influence current consumption movements, as the PIH would suggest. 
For a number of OECD countries they could reject the null hypothesis. A 
simple (New) Keynesian model, in which consumers are assumed to consume 
by "rule of thumb," seemed to explain consumption movements better than 
the neoclassical model of consumption. In order to test for this excess 
sensitivity of consumption to current income movements we have tested the 
"rule of thumb" model in which a fraction, ~., consumes by "rule of thumb," 
and a fraction (1 - ~) consumes in accordance with the PIH. Aggregate 
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TABLE 3. Testing for  Excess Sensitivity: 

ACt = I 1 + Ort + Y AGt + ~AWt 
Ct Gt Wt 

Method 

of adj. R 2 first 
estim, stage regressions Structural coefficients 
and 
period r-eq. G-eq. W-eq. ~t est. 0 est. y est. ~ est. D.W. 

1. OLS: 0.719 0.098 -0.026 0.203 1.83 
1833-1990 (2.962) (2.202) (2.546) (4.246) 

Model 
test 

2. IV.. C, 0.506 0.223 0.091 0.426 0.137 -0.047 0.464 1.88 -0.011 

1833-1990 (0.000) (0.000) (0.051) (1.339) (1.941) (2.011) (3.217) (0.560) 
3. /V: C, 0.618 0.450 0.048 -0.017 0.180 -0.033 0.692 1.96 -0,027 

1903-1990 (0.000) (0.000) (0.395) (0.032) (2.518) (1.950) (3.190) (0.570) 
4. IV: C ~, 0.351 0.192 0.260 1.332 0.546 0.022 -0.019 1.92 -0.221 

1948-1990 (0.000) (0.089) (0.026) (2.420) (3.705) (0.138) (0.094) (0.987) 

NOTE: See Table 2. The instrument set C was used in the IV-estimation and it includes 
once and twice lagged pubic and private consumption growth, mortality rate, the real interest 
rate and a time trend. (a) Estimated with an MA(1) process: 0.297 (1.764). 

consumption in this particular economy develops then according to the 
following differential equation: 

( d (1 
r(t) - P - (1 - cO(~ - 1) c - - ~  + ~ . ~ - ~ ,  ( lO) 

c ( t )  (1 + ~ (~  - 1)) 

where W(t) denotes the current real wage income. Table 3 presents the 
results. 1° 

As one can see the real wage income variable seems to affect con- 
sumption movements if we restrict our attention to the entire sample period 
(row 2). According to these estimates the fraction of "'rule of thumb" con- 
sumers is 46.4%. The intertemporal substitution elasticity of the PIH- 
consumers can be found by correcting the estimate 0 for (1 - ~,). The 
intertemporal substitution elasticity in private consumption is 0.26 (that is, 
0.137/0.536), a parameter estimate that comes close to the ones found in 
Table 2. The same applies to a, once we correct for the fraction )~. There are, 
however, a number of points that make the estimates of Table 3 less reliable. 

WThe lifetime uncertainty effect has been left out of this specification, to concentrate on the 
effect that inclusion of current income might have on the substitution parameters. 
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The instrument set C is a weak predictor of future wage developments (see 
row 2 and 3), thereby spreading doubts about the reliability of the IV- 
estimates. Only in row 4, where we restrict our attention to the post-World 
War II period does the instrument set C perform well. Only in that particular 
case do current income movements not affect consumption significantly. This 
finding is in accordance with the estimates for the U.K. of Patterson and 
Pesaran (1992). However, compared to their estimate of the intertemporal 
substitution elasticity (ranging from 0.3 to 0.4) the present estimate is quite 
high, namely 0.55. 

A second sensitivity test that we want to perform in this section ex- 
amines the constancy of parameter estimates. A test of subsample stability 
is described by Pesaran, Smith and Yeo (1985) who define variables that 
might give an indication of preference changes. Consider the standard linear 
regression model for a partitioning of the sample period into T1 and T2 
observations, that is: 

y l  = 41X1+£1 for t = 1,...,T1, (11) 

y2 = 4zx2 + ~2 for t = TI+ 1 ..... T. (12) 

On stacking the regressions and rearranging we obtain the following system 
of equations: 

The null hypothesis concerning parameter constancy is 42 - 4 1  - -  0. This 
hypothesis is tested by IV-estimation and splitting the sample period into 
relevant subsamples. Indicator variables of parameter change are defined as 
follows: dum(T1).rt, where dum(T~) is i from Tj until the end of the sample 
and zero before T1. This dummy is then multiplied by the variable r t. The 
indicator variables must be included in the instrument set. Under the null 
hypothesis of no change we should expect that the indicator variables have 
insignificant t-statistics. Table 4 shows that for the sample period 1833-1990 
one cannot detect significant change in the parameter that represents the 
valuation of public consumption. 

The years 1923 and 1948 have been chosen instead of the years 1918 
and 1945 because the U.K. economy was still heavily affected by the after- 
math of the two world wars. The stability of the intertemporal substitution 
elasticity estimate has to be rejected: the indicator variable representing the 
eras 1970-1990 shows an increase of 0.42 (that is, the row with the sample 
split in 1970), giving rise to an overall value of 0 of 0.61. As one could already 
deduce from Table 2 this finding is in line with estimates based on re- 
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TABLE 4. Parameter Constancy, U.K. 1833-1990'  

Constant r t nt AGt/Gt 

Coefficients 
indicating change on: 

r t 7tt AGt/Gt 

Full period 
IV- 
estimation - 1 . 6 8 9  0.216 3.405 -0.044 

(1.741) (3 .173)(2 .721)(1 .908)  

Sample split in: 
1923 1.907 0.080 -2.479 -0.055 0.203 2.287 -0.040 

(1.039) (0 .993) (0 .817) (2 .198) (1 .222) (1 .853) (1 .082)  
1948 -0.622 0.190 1.628 -0.043 0.329 0.290 0.167 

(0.526) (2.733) (0.926) (1.886)(1.262)(0.241) (0.488) 
1960 -0.919 0.189 2.160 -0.043 0.355 -0.645 0.565 

(0.852) (2 .713) (1 .440) (1 .903) (1 .310) (0 .385) (0 .697)  
1970 -1.053 0.191 2.390 -0.043 0.419 -0.740 0.759 

(1.037) (2 .787) (1 .741) (1 .899) (1 .720) (0 .424) (0 .894)  
1980 -1.435 0.198 3.045 -0.045 1.426 -4.865 -0.913 

(1.413) (2 .852) (2 .265) (1 .962) (0 .819) (0 .606) (0 .575)  

NOTE: (a) Instrument set consists of the instrumental variables of set B together with the 
one- and two-year lagged relevant change indicator variables. 

estimating the Euler equation for tile post-World War II years. They yield 
a far higher intertemporal substitution elasticity, approaching 0.5. The Chow- 
test statistic (with a F[k, T - 2k] distribution, where k is the number of 
regressors and T is the sample size; Chow 1960) for the equation of Table 4 
over the period 1833-1990 with the sample split in 1923 amounts to 3.582, 
indicating that the hypothesis of parameter stability has to be rejected. 
Re-estimating the equations again for the subsample 1914-1990 yields to 
some extent different and more stable results (see Table 5). 

The lifetime uncertainty effect is no longer of importance for under- 
standing consumption growth. The estimates of the intertemporal substitu- 
tion elasticity and the public consumption effect improve. The share of 
private consumption in individual welfare (a) is 92% and the intertemporal 
substitution elasticity (l/a) is 0.24, which is identical to the estimates found 
in Table 2, row 2. Parameter stability cannot be rejected for the equation of 
row 2 of Table 5: the Chow-test statistic for the sample period 1914-1990, 
with the sample split in 1948, is 0.731, well below its critical value. 
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TABLE 5. U.I( Consumption, 1914-1990: 

ACt _ I 1 + Ort + ~ AGt + 8 nt 
Ct Gt 

Method 
of adj. R 2 first 
estim, stage regressions Structural coefficients 
and Model 
period G-eq. r-eq. rt-eq. Ix est. 0 est. 7 est. 8 est. D.W. test 

i. IV." 0.162 0.623 0.529-6.116 0.208-0.058 8.393 1.73-0.020 
B (0.009) (0.000) (0.000) (0.561)(1.994) (1.963)(0.701) (0.512) 

2. IV: 0.162 0.623 1.520 0.254 -0.066 1.69 -0.014 
B (0.009) (0.000) (3.214) (2.988) (2.439) (0.554) 

NOTE: See Table .9. 

4. Conclus ions  
The theory of public consumption goods, as initiated by Paul Sam- 

uelson (1954), and the theory of public investment, as analyzed by Kenneth 
Arrow and Mordecai Kurz (1970), turned out to be seminal contributions to 
the theory of public economics. However, the measurement of the effects 
that public investment and public consumption might have on private pro- 
ducer and consumer behavior has lagged behind. Only recently, Aschauer 
(1989) stimulated an empirical line of research that examines the external 
effects public investment has on aggregate national productivity. Time series 
analysis of public consumption effects on private consumption has not been 
examined widely. With hindsight this lack of empirical testing is understand- 
able, because one finding of this paper is that the post-World War II 
consumer of the United Kingdom does not seem to value public consumption 
in a non-separable manner. In addition to this result, this study has yielded 
a number of empirical insights that are of importance to the applied econ- 
omists who want to attach numbers to intertemporal simulation analysis. 
Empirical examination of whether government consumption affects private 
consumer behavior and, if so, whether the public consumption good is strictly 
separable in the individual's utility function gave rise to a number of novel 
insights. Separability is a convenient shortcut and numerous authors have 
used this simplification. The empirics of aggregate consumption point how- 
ever to non-separability of public and private consumption. Only the tem- 
porary changes in public consumption, as brought about by wars, affect 
changes in private consumption levels. Furthermore, we deduced that the 
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U.K. public consumption good is a substitute for private consumption and 
that it is a normal good (as opposed to an inferior good). The individual 
welfare of U.K. consumers consists for 5% to 8% of government consumption 
and 95% to 92% of private consumption. Noteworthy is that in peacetime 
years government consumption does not seem to affect individual utility in 
a non-separable manner. 

An aspect that deserves some attention is the fact that lifetime uncer- 
tainty, as approximated in this paper by some measure consisting of crude 
death rates, plays a role of some importance in the development of private 
consumption. A decrease in lifetime uncertainty has led to a significant 
increase in private consumption growth. 

Finally, the desire to substitute private consumption intertemporally is 
moderate, 0.24, but certainly not negligible or close to zero as Hail (1988) 
contends. Furthermore, there are signs that the intertemporal substitution 
elasticity has increased over time, especially after World War II and is 
approaching the value of 0.5. This observation based on long-run data seems 
to call for restructuring part of the theory of economic growth by taking into 
account endogenous intertemporal preferences. 1I 
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Appendix 
U.1( Data 1830-1990 

The data are gathered from a number of sources, primarily Mitchell 
(1980, 1988) for the period 1830-1884 and some of the periods covering the 
two world wars, Liesner (1989) for the period 1885-1987 and the OECD 
National Accounts and Labor Force Statistics for the period 1988-1990. 
Detailed references about the construction of the time series can also be 
found in those publications. Long-run time series such as these are char- 
acterized by a frequent number of breaks, due to changing base years when 
calculating real variables, a change of country, size due to a change in 
constitutional regime, or simply due to changing data sources. In constructing 
the time series we have chosen for measurement in growth rates (besides that 
fact that ADF-tests reveal that the variables, measured in levels, are non- 
stationary, see Table 1) so as to obtain a more or less homogenous data set. 
Per capita growth rates, as per capita public and private consumption and real 
wage growth are calculated by subtracting from the aggregate growth rate the 
population growth rate. The population growth rate is defined as the per- 
eentage growth rate for the total population of the U.K. (as given in Mitchell 
1988, p. 11 and the OECD Labor Force Statistics). Nominal wages and 
salaries are gathered for 1885-1988 from Liesner (1989), and for 1850-1885 
(money wages allowing for unemployment) from Mitchell (1988, 149), and 
for 1830-1850 (average money wages in the U.K. industry) from Mitchell 
(1980, 193-94). The consumption price variable is derived for the years 
1885-1990 from the consumption levels in current and constant prices as 
summed up in Liesner (1989), and for 1830-1885 the inflation rate is derived 
from the wholesale price index (as summed up in Mitchell 1980). The latter 
price variable makes up part of a longer time series on inflation running from 
1727-1850; an inflation series that seems to be more in accordance with 
inflation figures used in other historical studies (see Crafts and Mills 1994). 
The real interest rate is defined as the nominal yield on 2.5% consols (as given 
in Mitchell 1988, 678) corrected for the aggregate inflation rate. The variable 
approximating the lifetime uncertainty is defined as 11.0 (that is, the lowest 
rate as witnessed in 1948) divided by the crude death rate per 1,000 persons 
in England and Wales (see Mitchell 1988, 52-56 and OECD Labor Force 
Statistics). The data used in this paper are available on request. 
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