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An Analysis of UK Energy Demand Using Multivariate
Cointegration

Abstract

In this paper we estimate an aggregate energy demand equation by
a maximum likelihood procedure proposed by Johansen (1988) for
the UK using annual data from 1967 to 1994. The influence of the
price of energy, income and temperature on energy consumption is
examined. A unique long-run equilibrium relationship between
energy demand, income and price is found to exist for the period,
with temperature affecting demand only in the short-run. The
resultant estimated elasticities are robust to different specifications
and corroborates the findings of Hunt and Manning (1989) although
a weaker long-run effect of income on energy demand was

observed.

JEL Classification: Q41






I INTRODUCTION

The estimation of energy price and income elasticities has
commanded considerable interest in the recent past. There are a
number of reasons why the importance attached to estimating the
parameters of energy demand functions should not be understated.
Firstly, it provides information necessary for the calculation of
future energy demand. Secondly, knowledge of the strength of
energy demand responses assists in the evaluation and design of
macroeconomic policy given the relative importance of energy
sectors in many national economies. Finally, the need for accurate
estimates is -more prevalent than ever given the environmental
agenda will become more closely aligned to the energy policy
agenda.

In this paper we present maximum likelihood estimates of the
relationship(s) between energy consumption, price and income.
The response by economic agents within a country to changes in
energy prices and income varies significantly depending on, infer
alia, the sector of the economy and different fuel uses. However, to

assess the overall impact of changes in certain key variables or



changes in policy, aggregate energy demand elasticities are a useful
aid in analysing the impact on energy consumption and hence the
environment (see e.g. Pearson and Smith 1991).

Hunt and Manning (1989) estimated price- and income-elasticities
of aggregate energy demand for the UK over the period 1967-1986
using the Engle and Granger (1987) two-step cointegration
procedure. They found a long-run price elasticity of about -0.3 and
a long-run income elasticity of about 0.5. In this paper we estimate
an aggregate energy demand equation by a maximum likelihood
procedure proposed by Johansen (1988) for the UK using annual
data from 1967 to 1994. From this method we can test for the
number of co-integrating relationships. This, in turn, enables us to
test hypotheses concerning the individual elements of the co-
integrating vectors (see e.g. Muscatelli and Hurn, 1992).

The model and data is described in the next section. Section Il

discusses our results while Section IV offers conclusions.



IT DATA AND UNDERLYING MODEL

The underlying aggregate energy demand equation to be explored is

given by:
InE; = f(InPy, InYy, JT)
where: E; = aggregate energy consumption;
P, = real price of energy;
Y, = real income; and
JT; = January temperature.

E is aggregate energy consumption by final user (energy supplied
basis) obtained from the 1995 Digest of United Kingdom Energy
Statistics (DUKES). The nominal price of energy is derived by
dividing the estimated expenditure on energy by final users (as
given in various issues of DUKES) by energy consumption, E. P is
calculated by deflating the nominal energy price by the GDP
deflator given in the Economic Trends Annual Supplement, 1995
and Economic Trends August 1995. Y is GDP at 1990 factor cost
also taken from the two Economic Trends publications. JT is the

(GB mean air temperature in degrees celsius for January of each year
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taken from the 1995 DUKES. This gives an annual data set from
1967, the first year for which estimated expenditure on energy is
available, up to 1994. (Note that E, Y and P are entered in natural

logarithms whereas JT is not.)

III EMPIRICAL RESULTS

In order to test for the presence of unit roots, and hence to establish
the order of integration of the variables in the data set, we use the
Dickey-Fuller (DF) and the Augmented Dickey Fuller (ADF) test
statistics (Fuller, 1976). The results are given in Table 1!, In what
follows, we shall proceed on the assumption that InE and InP are
difference stationary, whilst InY may be more adequately described
as trend rather than difference stationary (Banerjee er al., 1993).
However, Table 1 gives evidence that JT is stationary over the
sample period. Figure 1 plots the time series of the data over the
period 1967 to 1994, Inspection of the log levels and the
temperature series appears to support the test statistics reported in

Table 1.

All estimation was conducted using PC-Give and/or PC-Fiml 8.0.



TABLE 1: Urnit Root Tests

I(1) v I{0) I12) vI{1)
Variable DF ADF DF
InE -2.57 -4.78
InP - 1.63 -4.28
InY -3.02(1) - 3.68
JT -3.51 -
Notes:

1 Table 1 gives no evidence that InE, InP and InY are I(0) over our sample
period. However, we can assume that temperature is a I(0) variable. Our

estimates are based on a regression including a constant. For InY regression
we include a constant and a time trend.

2 Figures in parentheses denote the number of lagged differences in

auxiliary regression.

3 Approximate 5% critical values when excluding and including a trend are
-2.98 and -3.59 respectively.
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The Johansen (1988) approach estimates cointegrating
relationships between non-stationary variables using a maximum
likelihood procedure. This technique tests for the number of distinct
cointegrating vectors in a multivariate setting and estimates the
parameters of these cointegrating relationships. Consider the three-

dimensional vector autoregressive model



Xe = AiXpg+ 0o+ A X+ &, t=1,........ ,T,

(1)
where X; = [In(E), In(P), In(Y)]; as defined above, X are fixed and
¢ ~ IN(0, %). We can write model (1) in error correction form:

AX =TAXy + 0 0 0+ T AX e + X + YD+ g,

oL (2)
where the D, vector is assumed to be made up of 1(0) variables,
such as temperature. The data {X}are integrated of order one, 1(1),
then A{X;} is I{0) and the reduced form model (2) is balanced only
if TIX 4 is I(0). Thus, matrix IT has to be of reduced rank:

I=ap’, (3)
where B may be interpreted as the p x r matrix of cointegrating
vectors and o is the p x r matrix of loading weights.

Given the outcome of the unit root tests InE, InP and InY were
entered as endogenous variables and JT as an exogenous variable in
the unrestricted VAR equation (1). In other words we allow for InP
and InY to have a role in the long-run whereas J1' only exerts a

short-run influence”. The lag length of the I(1) variables were

The constant is entered in a similar way to JT.
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initially set to k = 4. The final lag length was then selected by
sequentially testing from the lag length of four on all the I(1)
variables downwards using the likelihood ratio principle and using
the F-tests for the hypothesis that the ith period lag in the equations
is zero (see below). This resulted in the final unrestricted VAR
with k = 1. The diagnostic tests from the system with k set to 1 are
given in Table 2.

All of the diagnostic tests are passed other than the
heteroscedasticity test for the InP equation. However, when testing
the vector as a whole, the heteroscedasticty test along with all the
others is passed. In addition the importance of JT (and the
constant) is seen by the final vector test for the unrestricted
variables which convincingly rejects the null that they are not

significant.



TABLE 2:
Goodness of Fit and Model Evaluation, 1968-1994, lag length,
k=1

Statistic InE InP InY VAR
F1(3,20) 3.37%* 17.16%*= 158.75%%*
c 2.25% 6.00% 2.21%
F.r(2,20) 0.40 0.02 2.14
Faran(1,20) 0.03 0.01 0.01
Fhee(6,15) 1.16 3.91%* 0.75
%oa(2) 0.48 3.06 2.18
F..(18,40) 1.33
Fret(36,46) 1.32
Xna(6) 8.22
Fur(9,48) 67.71%%*
Notes:

The tests involve F-tests for the hypothesis that the i-period lag (Fi) 1s zero;
that there is no serial correlation (F, against 2nd order autoregression); that
there is no autoregressive conditional heteroscedasticity (F.., against lst
order); that there is no heteroscedasticity (Fpe); and the normality test used in
PC-Give and PC-Fiml (y,4). Similar vector tests are also given with the extra
statistic (F,,) representing the test against the significance of the unrestricted
I(0) regressors.

Given the system with k = 1, Table 3 report the tests for the number
of cointegrating vectors. This reports both the Amax and the Trace

statistics. Table 3 also gives these statistics adjusted for the



number of degrees of freedom (as suggested by Reimers, 1992)
given the small number of observations in the model. In addition
the 10% critical values are presented from Osterwald-Lenum

(1992)°.

TABLE 3: Testing the Rank of T1

Trac Amax

e

H, H, Calc. | Adj. 90% | H, H Calc. Adj. 20%
Stat, Stat. Stat. Stat.

1 |23.80%* | 21.15** | 18.6
2| 429 3.82 12.1
3| 1.28 1.14 2.7

Il

r=0 |r>1 |2937% |26.11 [268 |r=0
r<i|r>2| 557 | 495 [133 |r<1
lr<2|r>3] 128 | 114 | 27 |r<2

b B S
Il

Note: ** and * denote statistical significance at the 5% and 10% level
respectively.

Table 3 shows that the null hypothesis of one cointegrating vector
cannot be rejected at the 10% level using the original Trace
statistic. This is not the case with the adjusted version. For the
Amax Statistic however, the null hypothesis of one cointegrating
vector cannot be rejected at the 5% level using the original and the
adjusted version.  This slight contradiction in the tests for

cointegration is not uncommon. Consequently it is assumed in

3 The inclusion of 1(0) variables affects the underlying distribution of these test statistics.
Therefore, the critical values are only indicative in this case.
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subsequent analysis that one stationary relationship exists in this

data set'. Thus we can now turn to the individual estimates as

given in Table 4.

TABLE 4: « and f Vectors

Variable B, oy ||
InE - 1.000 (4.26) - 0.871 (4.11) I
InP -0.271 (4.13) 0.467 (0.96) I
InY 0.215 (3.52) -0.349 (2.07) u

Note : t-statistics are given in parentheses.

The t-statistics for the individual parameters (calculated by the
method suggested by Juselius and Hargreaves 1992) shows that the
parameters in the B vector are all individually significantly different
from zero. Tuming to the o vector it is clear that o , the loading
associated with the InE equation is significantly different from zero.
Similarly, it is equally clear that o, , the loading for the InP
equation is not significantly different from zero. Thus InP may be

regarded as weakly exogenous from the model. o3 , however, is

* It is worth noting that the emission of the temperature variable would lead to the conclusion
that there are no cointegrating relationships and hence no long-nun relationship between InE, InP and
InY. However, there is no discernible difference in the estimated elasticities over the 1968-1994
period if temperature is included or not.

11



borderline. That is, it is not clear whether InY may be regarded as
weakly exogenous to this system or not. Therefore, the joint
restriction that InP and InY are weakly exogenous (i.e. o2 =0 and
a3 = 0) was imposed. This yielded a likelihood ratio statistic ) =
4.283 suggesting that the joint null of both being weakly exogenous
cannot be rejected. It is assumed therefore that InY and InP are
weakly exogenous to the system. Imposing the joint restriction

gives the estimates presented in Table 3.

TABLE 5: £ and Restricted a Vectors

" Variable B: oy
" InE - 1.000 - 0.655
(4.18)
InP -0.286 .
(4.14)
InY 0.228 s
(3.59)

Notes. See table 4.

The significant parameter estimates in the § vector for InP and
InY, representing the long-run elasticity estimates, show a similarity
with the coefficient estimates in the long-run equation reported by

Hunt and Manning (1989). However, the estimates reported here

12



do imply a much lower elasticity with respect to income compared
with those found by Hunt and Manning. The estimated elasticity of
0.23 suggests that a ceteris paribus rise in GDP of 1% raises energy
consumption by about 0.2%. It is possible that as consumers
become saturated with energy efficient capital and appliances, the
effect of income on energy demand will become negligible in the
long run. We experimented with different estimation periods and
found that when additional years were added to the period 1967 -
1986 the income elasticity began to fall before settling at the lower
level as presented in Table 5. This was not true for the long-run
price elasticity however which was fairly robust to different
estimation periods.

Having obtained the long-run cointegrating relationship using the
Johansen procedure it is possible to estimate the short-run model
directly with the error-correction term (ECM) explicitly included.
This ensures that the restricted model is consistent with the
underlying data and provides estimates of the short-run responses to
changes in the price of energy, income and temperature. Since InP

and InY were found to be weakly exogenous in the system only one

13



equation need be estimated for AInE conditioned on AlnP, AlnY and
JT using OLS. Therefore a dynamic equation for the differences of
the I(1) variables to ensure stationarity, along with JT and the EC
(B‘X.1) term is given in Table 6. We experimented with various
lag lengths, employing the general to specific modelling strategy,
but our preferred model was one that only included the

contemporaneous terms for the first differenced variables.

TABLE 6: OLS Energy Estimates, ECM

(Sample Period 1968-1994)
Variable AlnE,

Constant 5.648%%*
(4.82)

AlnP; - 0.151**
(2.45)

AlnY, 0.400%*
(2.28)

JT, - 0.0062%%*
(2.94)

EC,, - 0.653%%*
(4.82)

R? 0.766

c 1.64%

Fa.(2,20) 0.35

Foren(1,20) 0.04

Xnd(z)

0.05

Fresei(1,21)

3.80*

Fre(8,13)

1.56

Notes: A denotes the first difference operator. t-statistics are in parentheses.

See notes to Table 2.
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The equation reported in Table 6 performs well passing all
standard diagnostic tests with the exception of the RESET test at
the 10% level. Moreover the estimated coefficient for the error
correction term of -0.653 is highly significant, suggesting that about
two-thirds of any disequilibrium is adjusted each year. This is very
close to the EC coefficient in Hunt and Manning (1989) of -0.669,
suggesting that the speed of adjustment is robust to the different
estimation periods and techniques. The short-run impact
elasticities for price and income are -0.15 and 0.40 respectively.
These compare with -0.1 and 0.6 for income in Hunt and Manning
(1989).

Although the estimates of both the short- and long-run income
elasticities are lower than in Hunt and Manning the relative size
between the two is the same. That is, the short-run impact elasticity
is greater than the long-term elasticity suggesting the inflexibility of
firms’ and households’ energy-using capital and appliance stocks in
the short-run. This suggests that an increase in income will bring
about an immediate increase in the derived demand for energy in

the short-term but this derived demand is reduced in the longer

15



term as more energy efficient capital and appliances are installed.
However, the long-run price-elasticity is greater in absolute terms
than the short-run elasticity so that a change in the real price of
energy has a greater impact in the longer term. This reflects the
fixed nature of the capital and appliance stocks in that a rise in the
real price of energy produces a small reduction in the consumption
in the short-term whereas in the long-term the price increase
persuades agents to install more energy-cfficient capital and
appliance stocks.

Finally, unlike Hunt and Manning (1989) this model includes the
temperature variable JT°. The impact (or short-run) effect of a ten
degree celsius decrease in the average January temperature is to

increase energy consumption by about 0.1%.

2 Ag stated earlier, JT is needed to ensure that there is a cointegraling energy demand

relationship. This applies equally to the period up to 1986 as well as 1994, suggesting that the Hunt
and Manning (1989) model was misspecified. However, when re-estimating vp to 1986 including the
FT variable using the Johansen procedure, the estimated long-run price and income clasticities are
very similar to those reported by Hunt and Manning.

16



IV CONCLUSIONS

In this paper we have presented maximum likelihood estimates,
based on annual aggregate time series data from 1967 to 1994, for
the effects of price, income and temperature on energy
consumption. A unique long-run equilibrium relationship between
energy demand, price and income is found to exist for the period,
with temperature affecting demand only in the short-run. This is in
line with one's priors.

The Engle-Granger (1987) procedure used in previous aggregate
energy studies for the UK (see, for example, Hunt and Manning,
1989, Hunt and Lynk, 1992) did not allow a test for the restrictions
on the long-run solution of the model, whilst the Johansen
procedure used in this paper does. The joint restriction that the
logarithms of price and income are weakly exogenous could not be
rejected by the data. Our study corroborates the findings of Hunt
and Manning, although a weaker long-run effect of income on
energy demand was observed.

An important finding in this paper was the extremely robust

negative coefficient on the error correction term, a result which

17




appears invariant to the estimator used. The magnitude of this effect
of -0.653 is highly significant, suggesting that about two-thirds of
any disequilibrium is adjusted each year. However, it must be
stressed that the specification estimated is a relatively simple one.
More complex factors omitted from the specification may have an
important role in determining energy consumption. Nevertheless,
taken together these results assign an important role to price,
income and temperature in the determination of energy demand in

the UK.
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