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Modeling Energy Use and Technological Change  
for Policy Makers: Campbell Watkins’  

Contribution as a Researcher-Practitioner

Mark Jaccard*

As an energy-economics modeler, who collaborated with academics 
while also consulting to government and industry, Campbell Watkins was 
especially interested in the empirical relationship between energy inputs and 
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rial function at The Energy Journal, benefiting from his counsel on my research 
projects and working papers, socializing at conferences, and enjoying dinners or 
coffee when he stopped in Vancouver. In my contribution to this special issue 
dedicated to Campbell, I survey the last 30 years of modeling energy use for 
assisting policy makers, an area where his and my research interests overlap. I 
include anecdotal comments on his contribution to the literature and on the gen-
erous guidance he provided me as a younger researcher entering the field from a 
different perspective than his.

2. The Energy-Capital Controversy

Motivated by recurrent oil price volatility that started in 1973, and ongo-
ing energy-related environmental challenges, energy economists have long been 
interested in the ability of economies to reduce their energy intensity without 
hindering long-run economic growth. To many non-economists, the relationship 
appears obvious. Energy efficiency advocates, environmentalists, and many engi-
neers typically argue that substantial reductions in the energy intensity of econom-
ic activity are not only technologically feasible but also economically desirable. 
If everyone buys more efficient fridges, we use less energy. We have substituted 
capital (in the form of the monetary value of the higher performance compressor, 
tighter door seals and better insulation of the more efficient fridge) for energy 
(reduced electricity consumption). When we purchase the more efficient fridge, 
we increase economic output. And its higher energy productivity (refrigeration 
service per unit of electricity input) saves us money that we can then spend on 
other things. The economy grows. Everyone is happy.

But to an economist, the issue is frustratingly (or perhaps tantalizingly) 
complicated. Say I buy a more efficient fridge in response to an increase in the 
price of electricity, this latter caused by real increases in production costs. Assume 
also that the extra purchase cost of the efficient fridge far exceeds any electricity 
bill savings that might result. In this case, I have less money and my contribution 
to economic growth should accordingly decrease. The result is that energy effi-
ciency brought on by an energy price increase reduces economic growth.

But perhaps the new fridge is of such greater efficiency that its extra pur-
chase cost is more than offset by lower electricity bills, even though the unit price 
of electricity is higher. I end up with extra money in my pocket, and when I spend 
it the economy will grow. However, there is one problem. These bill savings hap-
pen in the future. If I discount these savings to recognize the time value of money, 
the discount rate that equates the present value of the electricity bill savings with 
the extra cost of the efficient fridge must be greater than the return I would have 
earned by investing the money in my best alternative. If the return is less profit-
able than my best alternative, then even an apparently profitable energy efficiency 
investment would lead to lower economic growth than would otherwise have oc-
curred. The result in this case: energy efficiency reduces economic growth.

What if, however, the investment in a more efficient fridge is actually 
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Griffin and Gregory argued that the time series data used by Berndt and 
Wood in a static translog specification would only elicit short-run elasticities of 
substitution, which could explain their finding of E-K complementarity because 
of insufficient time for the full adjustment to price change and indeed insufficient 
price change in the initial data sets (energy prices were fairly stable in the period 
prior to 1973). Griffin and Gregory instead used cross-section / panel data from 
countries with considerable variation in energy prices at a given period of time, 
and suggested that the resulting finding of substitutability was a better indicator 
of the long-run E-K relationship.

The flurry of papers that followed explored a wide range of alternative 
data sets and time periods, the removal and inclusion of inputs from the produc-
tion function, alternatives to the conventional translog functional form, and differ-
ent methods of calculating elasticities of substitution. In general, when the static 
version of the translog formulation was used, most cross-section / panel data stud-
ies continued to indicate E-K substitutability while time series studies indicated 
complementarity (Apostolakis, 1990).

Although interest in the E-K controversy waned by the mid-1980s, as 
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run E-K relationship took place within a broader debate that has frequently pitted 
economists, on the one hand, against engineers, physicists and energy efficiency 
advocates, on the other. The latter group tend to be more interested in the ther-
modynamic and technological potential to use less energy (the direct option to 
acquire a more efficient fridge – extended to all energy producing and using tech-
nologies) than in the seemingly peripheral obsessions of economists with indirect 
feedbacks, risk adjusted opportunity costs and the resulting implications for the 
energy intensity of economic activity and the rate of economic growth. While the 
terms can mislead, these competing views to estimating the potential to use less 
energy are frequently referred to as the “bottom-up” and “top-down” approaches 
to energy modeling.
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in its fundamental relationships (Loschel, 2002). Policy makers are interested in 
the extent to which their policies might influence the characteristics and financial 
costs of future technologies, and the likely willingness of consumers and busi-
nesses to adopt these. Even if the critical CGE parameters are estimated with 
statistical confidence that they accurately represent historic long-run substitution 
elasticities, there is no guarantee that their values will remain valid in future 
under different policies for environmental improvement. Until recently, for ex-
ample, there was no incentive to innovate and commercialize technologies with 
low greenhouse gas emissions. Today, such technologies are under development 
worldwide, providing households and firms with new choices that may imply 
different substitution elasticities.

Another limitation for the conventional top-down approach is that politi-
cal constraints often push policy-makers towards technology-specific policies like 
tax credits, subsidies, regulations and information programs. Because convention-
al top-down models represented technological change as an abstract, aggregate 
phenomenon – with elasticities of substitution between aggregate inputs – this 
approach is well suited to help policy-makers assess economy-wide price instru-
ments such as taxes and tradable permits but has difficulty in assessing the com-
bined effect of these price-based policies with the technology-specific policies.

Both of these limitations with top-down models were concerns that 
Campbell anticipated in his 1992 list of needed improvements to the energy mod-
els of economists. A positive development in this regard has been the effort by a 
growing number of energy economists to incorporate technological detail into 
their models. And, in some cases, this has been met halfway by efforts to im-
prove the micro- and macro-economic foundation of what were initially bottom-
up models. Models that move away from the top-down / bottom-up dichotomy 
are increasingly referred to as “hybrid models,” the very term Campbell used in 
his 1992 list.

In the heated days of the E-K controversy, Griffin (1979) provided one 
of the earliest hybrid modeling examples by using technology-detailed engineer-
ing models of individual industrial sectors (cement, steel, chemicals) to estimate 
long-run E-K substitution elasticities. He shocked what were essentially industrial 
process optimization models with a wide range of energy prices and allowed for 
complete capital stock turnover. He then used the resulting “pseudo data” (a set of 
input demands corresponding to each set of input prices) for estimating a trans-
log production function and from this the long-run input substitution elasticities. 
While Griffin was focused on whether energy and capital are long-run substitutes 
– which this method indicated they were – his general approach anticipated future 
research paths.

My own research group has continued Griffin’s approach but with a sig-
nificant difference. The pseudo data generated from the optimization models used 
by Griffin and others may diverge significantly from real-world firm decision-
making behavior. We have therefore replaced his optimization model approach 
with simulation models of each sector of the economy (and each industrial sector) 
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whose key parameters for simulating capital stock turnover are estimated from 
revealed and stated preference (discrete choice) research on technology acquisi-
tion behavior of consumers and businesses (Jaccard et al., 2003). We have also at-
tached the technologically explicit parts of the model to various macro-economic 
feedback functions to account for the indirect effects from relative price changes. 
With emerging technologies included in the model, and with these empirically 
based behavioral parameters set, we then copied Griffin’s approach of simulating 
a range of price changes for energy in order to generate pseudo data that we used 
as inputs for the translog production function. For the 25- to 35-year periods that 
we simulated – mostly with Canadian data – we found capital and energy to be 
long-run substitutes. We also found considerably higher inter-energy elasticities 
of substitution than most conventional econometric studies using aggregate his-
toric data. High elasticities of substitution between carbon-intensive and carbon-
free forms of energy is good news for policy makers hoping to reduce carbon 
dioxide emissions without a huge penalty for economic growth. The models also 
indicate, however, that several decades are required before the full response to 
price change is completed.

Many other models with hybrid characteristics have started from the top-
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permanently. The broader implication is that even if economic growth does re-
quire increasing energy use (suggesting that energy and capital are complements 
in the very long run) our ability to produce energy cleanly may render this ques-
tion moot.

Researchers are now trying to sort out the relative costs and benefits of 
these competing options of using less energy versus using less carbon-intensive 
energy versus capturing the carbon. And the results of this research need to be 
expressed in ways that are helpful to the decisions that policy makers need to take. 
More hard-nosed researcher-practitioners like Campbell would help.
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