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Introduction
No written paper (so slides include as much info as 
possible)
Part of an ongoing project at SEEC and is work in 
progress
Why model energy demand? / Importance of the topic
Important to recognise that energy is a derived demand
Therefore important to adequately capture technical 
progress (or energy efficiency improvements)
AND other important exogenous factors.
Need an appropriate model and econometric 
technique.
Concentrate on time – series applications

Will not talk about Cross – section and/or Panel applications
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Background – Technical Progress Debate - 1

There has been a debate in the energy 
economics literature about the use of a 
deterministic time trend as a way of capturing 
‘technical progress’ (or improvements in 
energy efficiency).
For example

Beenstock & Willcocks (1981, 1983) - argue that 
need to try and capture TP when estimating energy 
demand functions.

Therefore used a simple deterministic trend
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Background – Technical Progress Debate - 2

Kouris (1983a, 1983b) - has argued against 
trying to capture TP, especially by using a 
linear trend.

Argues that TP is an important factor that has 
always been very difficult to quantify unless a 
satisfactory way of measuring it can be found.

Moreover, Kouris argues that most TP is 
induced by price changes rather than being 
exogenous and should be incorporated in the 
price elasticity.
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Beenstock and Willcocks, disagree and argue that it 
is important to attempt to capture exogenous TP 
and although using a linear trend is not that 
satisfactory - it is better than just ignoring the matter.
Furthermore, accepting that TP can be exogenous 
and/or induced by price changes Jones (1994) 
argues that it is important to distinguish between the 
normal ‘price effects’ as measured by the price 
elasticity and the endogenous TP effect.

Background – Technical Progress Debate - 3
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More recently with colleagues at the Surrey 
Energy Economics Centre (SEEC) we have 
attempted to extend the debate by developing 
the wider concept of the UEDT
In addition to the TP (energy efficient) 
arguments above, we also argue that there are a 
range of other exogenous factors that potentially 
will have an important impact on energy 
demand. For example:

Underlying Energy Demand Trend (UEDT) - 1
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Environmental pressures and regulations
Energy efficiency standards
Substitution of labour, capital or raw 
materials for energy inputs
General changes in tastes that could lead to 
a more OR less energy intensive situation 
e.g.

increase in use of vehicles - taking children to 
school, etc.
in UK shift from coal to natural gas.

Underlying Energy Demand Trend (UEDT) - 2
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And also if analysing aggregate sectors then the 
change in the Economic Structure will also be 
important, such as:

Switch from energy intensive manufacturing to less energy 
intensive services.

Consequently, there are a number of 
exogenous ‘taste’ factors that will influence 
energy demand (both positively and 
negatively) and will vary over time.

Which in many practical situations are not 
measurable in an appropriate and consistent way for 
the relationship being investigated.

Underlying Energy Demand Trend (UEDT) - 3
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In summary, it is important to be able to 
capture the UEDT effect that may be positive 
and/or negative and changing over time.
Therefore need an appropriate econometric 
methodology.
And fortunately, there is a technique that 
enables this - Harvey’s Structural Time 
Series Model (STSM)

Underlying Energy Demand Trend (UEDT) - 4
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Structural Time Series Model (STSM) of 
Energy Demand - 1

In addition to the above, we also argue that over the 
last 15 years or so there has been an over reliance 
on the cointegration technique

Not always the right tool for the job of estimating energy 
demand functions.
In energy, as Harvey (1997) states in general, the 
“emphasis on unit roots, vector autoregression and 
cointegration  has focussed too much attention on tackling 
uninteresting problems by flawed methods” (p. 200).  

But will not dwell on that here given time constraints.
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STSM of Energy Demand - 2

A(L) et = µt + B(L) yt + C(L) pt + εt (1)
where :

A(L) is the polynomial lag operator 1 - φ1L - φ2L2 - φ3L3 - φ4L4 ;
B(L) the polynomial lag operator π0 + π1L + π2L2 + π3L3 + π4L4 ;
C(L) the polynomial lag operator ϕ0 +  ϕ1L + ϕ2L2 + ϕ4L3 + ϕ4L4 ;
et is the natural logarithm of energy consumption;
yt the natural logarithm of income/output;
pt the natural logarithm of the real energy;
B(L)/A(L) the long-run income/output elasticity;
C(L)/A(L) the long-run price elasticity;
εt the standard error term; and
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STSM of Energy Demand - 3

And:
µt the Trend Component/Underlying Energy Demand 
Trend which is assumed to have the following 
stochastic process:
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STSM of Energy Demand - 4

Equations (2) and (3) represent the level and the slope 
of the trend respectively.
The exact form of the trend depends upon whether the 
variances ση

2 and σξ
2, known as the hyper-parameters, 

are zero or not.
If either ση

2 and σξ
2 are non-zero then the trend is said 

to be stochastic – see table below.
If both are zero then the trend is linear and the model 
reverts to a deterministic linear trend model with          
µt = α + βt
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STSM of Energy Demand - 5
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STSM of Energy Demand - 6
The STSM is therefore adopted for two 
reasons:
1. It is consistent with the above interpretation of 

the UEDT;
2. But it is also seen as a superior methodology 

to other time series procedures such as unit 
roots and cointegration:
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STSM of Energy Demand - 7
Estimation:

Estimated equations consist of (1) (2) & (3)
The Maximum Likelihood (ML) procedure is used to estimate the 
parameters of the model and the hyper-parameters.

From these the optimal estimates of the slope and level a the end of the 
period (βT, and µT) are estimated by the Kalman filter.
The optimal estimate of the UEDT is further calculated by a smoothing 
algorithm of the Kalman filter. 

The preferred models for each country are found by testing 
down from the over-parameterised model of equation (1) 
without violating a range of diagnostic tests. In particular:

the equation residuals are tested for the presence of non-
normality, serial correlation, heteroscedasticity, etc.
the auxiliary residuals are tested for normality, etc to ensure that 
no significant outliers and/or structural breaks exist.

Using STAMP 6.3 - Structural Time Series Analyser, Modeller and 
Predictor (Koopman, et al., 1995)
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Results for 17 OECD Countries - 1

Data
Consistent data set across 17 countries
1960 - 2000
Aggregate energy consumption measured in ktoe
(from International Energy Agency (IEA), Paris 
Databank)
GDP in constant $ (from IEA data bank)
Real Energy Prices supplied by IEA back to 1978 
and spliced with USA Department of Energy Data
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Results for 17 OECD Countries - 2
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Results for 17 OECD Countries - 3
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Results for 17 OECD Countries - 4
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Results for 17 OECD Countries - 5



23

Results for 17 OECD Countries - 6



24

Results for 17 OECD Countries - 7
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Results for 17 OECD Countries - 8
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Results for 17 OECD Countries - 9
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Results for 17 OECD Countries - 10
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Results for 17 OECD Countries - 11
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Results for 17 OECD Countries - 12
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Results for 17 OECD Countries - 13
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Results for 17 OECD Countries - 14
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Results for 17 OECD Countries - 15

Summary
In general models fit the data well statistically –
other than in a couple of places
Give ‘sensible’ and consistent LR elasticities:

Most LR Income elasticity estimates are within the range 
0.5 to 1.1 (But for Ireland = 0, Netherlands =1.6)
LR Price elasticity estimates are within the range -0.1 to 
-0.2

And, other than for Austria, the restriction of a 
deterministic trend over the stochastic trend is 
rejected.

It is therefore interesting to consider these trends
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Estimated UEDTs - 1
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Estimated UEDTs - 2
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Estimated UEDTs - 3
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Estimated UEDTs - 4

Summary
For Group A and Group B – generally downward 
sloping after the initial years.
But for Group C clearly upward sloping:

For Ireland, probably an anomaly due to zero LR income 
elasticity.
But interesting that Spain, Portugal and Greece 
underlying energy trend has been upward

Therefore, despite having similar LR income and price 
elasticities, these countries have been increasing their 
energy consumption (holding income and price constant)
i.e. their demand curves have been shifting outwards. 
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Conclusion and look to the future

We argue here, as elsewhere, that in a time-
series framework the UEDT/STSM approach 
is superior when estimating energy demand 
functions
But still needs to be developed:

Need to understand and model if possible the 
drivers of the UEDT – since this is equally 
important to the understanding energy demand 
and predicting energy demand
Also link to asymmetric modelling  


