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I was asked to comment on the first two
papers in this special issue — those dealing
with ‘conceptual issues’ authored by
Hourcade and Robinson, and Richels and
Sturm, but to read all ten papers and bring
in insights and issues from the other eight
papers in so far as they are relevant to is-
sues and insights raised in the two concep-
tual pieces. This set of papers is
impressive; the editors — Erik Haites and
Adam Rose — along with the ten sets of
authors, should feel a sense of accomp-
lishment in pulling together this excellent
set of contributions in such a timely fash-
ion. Clearly this effort was facilitated by
the work of Working Groups II and IH of
the Intergovernmental Panel on Climate
Change, for which most of the authors
were lead authors, but the group generally
went beyond what was in those reports as
the editors had instructed.

These papers provide many policy rel-
evant analytic insights, and good discus-
sions of a number of key policy issues, but
in line with my assignment to cornment on
the broadest conceptual pieces 1 will dis-
cuss only three major policy insights —
timing of emissions reductions, interna-
tional cooperation in controlling emis-
sions, and hedging against low probability
high consequence climate events, and
three important underlying technical is-
sues - top-down versus bottom-up model-
ing, revenue recycling and the role of
R&D as a climate change policy option.
However, 1 would like {o start with an ob-
servation about the policy guidance prof-
fered in this issue and what has actually
been proposed thus far in the international

negotiation process, and that is that there
is at present little connection between the
two, The analyses presented here suggest
comprehensiveness and flexibility in the
design of climate change policies, with
frequent modifications based on new in-
formation and analyses, whereas the pol-
icy proposals put forward thus far have
tended to be fairly rigid and permanent. kt
is almost as if the policy process has un-
wittingly framed the climate change prob-
lem as an all or nothing choice concerning
whether or not substantial reductions in
carbon emissions should be undertaken
immediately, whereas most analyses sug-
gest that we ought to proceed incremen-
tally toward a long-run transition to a less
carbon intensive world economy,

Policy relevant results

Timing of emissions reductions

The sensitivity of the costs of mitigation
to the timing of the imposition of emission
controls is a persistent theme in most of
the papers in this issue. [f controls can be
phased in gradually rather than imposed
abruptly, the cost of limiting the atmo-
spheric concentration of CO, below a spe-
cific threshold can be greatly reduced.
This point is explicitly analyzed in Richeis
and Sturm, mentioned in the Hourcade
and Robinson, and Montgomery and Jac-
card papers, and implicitly mentioned in
most of the other country siudy and sec-
toral pieces. Climate change and, there-
fore, the damages resulting from it are
more directly related to the concentration
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or stock of CQ, in the atmosphere than the
flow of emissions into the atmosphere
year by year, so the incrementa} exposure
to damages resulting from a more graduat
approach to a common limit may be worth
enduring to achieve these substantial cost
savings. The slow turnover rate of the ex-
isting energy using and energy consuming
capital stock, the lead time for developing
new carbon free energy supply technolo-
gies, the opportunity cost of capital in-
vested in carbon abatement versus other
societal investments, and the process
whereby new additions to the atmospheric
stock of carbon are slowly removed from
it via the operation of the carbon cycle.
Most analyses of the timing issue have
been done with fult employment models,
which Montgomery and Jaccard report
may lead to significant understatement
of the short-run costs of the abrupt impo-
sition of carbon emission limits. Accord-
ing to results from the macroeconometric
simulations reported in their paper the cost
of an immediate stabilization of emissions
might be several times higher when ac-
count is taken of the unemployment that
is created when the macroeconomic sys-
tern is subjected to sudden shocks (see
also Rose and Liu, 1995). Moreover, the
political system may be more sensitive
to additional unemployment per se than
the reductions in economic output they
induce.

Some have pointed out that more sub-
stantial early control of emissions might
stimulate the development of new carbon
free energy technologies more rapidly
than would a phase in of controls. At this
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point it is not ¢lear that this would be the
case given the impact this would have on
the altocation of society’s R&D resources,
and, even if the new technologies were
relatively inexpensive to develop, it is not
¢lear that intervention in the market (as
opposed to direct support of the R&D) is
the best approach (see the section on R&D
below),

Finally, most studies of climate im-
pacts have concluded the costs of climate
change are highly uncertain and currently
not expected to be catastrophic for CO,
concentration levels expected to be ob-
served over the next 50-75 years. Given
their long list of pressing priorities, it is
not clear that national and international
policy makers will uitimately favor abrupt
impaosition ef substantial reductions in
carbon emissions without more substantial
evidence about the magnitude of climate
damages. Ironically, those who have
pushed for more aggressive and immedi-
ate controls and therefore contributed to
the all or nothing framing of the current
policy debate may not be taking a position
that is in their own interest; given the cur-
rent state of information, policy makers
may decide that nothing is superior to all
in the current debate. This would be a very
unfortunate outcome because each of the
authors who has contributed to this issue
has concluded that the climate problem is
soivable at relatively low costs to society,
if we start working on it gradually, but
purposefully, and consistently over the
next few decades.

Tternational cooperation in reducing
emissions

Another theme seen in several of the con-
tributions to this issue, but most explicitly
addressed and analyzed in the Richels and
Sturm contribution is the potential for in-
ternational cooperation to significantly
reduce the cost of climate change mitiga-
tion policies. Regardless of who is
responsible for paying for the emissions
reductions deemed to be appropriate, it
makes sense to take thern wherever it is
least expensive to do so. And heterogen-
eity in energy resource bases, economic
development profiles, tax systems, avail-
able infrastructure etc among countries
leads to wide variations in the incremen-
tal costs of emissions reductions. Surely,
implementation wiil be difficult as each
couniry has its own objectives based on
its own assessment of the costs and bene-
fits of climate change policies, but the
benefits are large enough that even partial
coordination (say among the dozen or 50
major emitters) could have substantial

benefits. Indeed, this is one area where
negotiations are proceeding, albeit slowly,
as ‘measures implemented jointly™ are
now part of the officiai parlance of the cli-
mate treaty implementation negotiation
process, The time required to analyze and
implement detailed cooperative measures
1s yet another justification for slow, but
sure, rather than abrupt implementation of
climate change policies.

Hedging against extreme climate
outcomes

A point stressed by Hourcade and Robin-
son is that additional costs may be im-
posed on society if a decision is made
today to proceed slowly with climate
change policy and then it is determined
that the damages resulting from climate
change are much more substantial than
previously thought. Although not ad-
dressed explicitly in this issue this argu-
ment is at the heart of several recent
studies (among them Manne and Richels,
1992; Nordhaus, 1994), which have
looked at balancing the expected costs of
over controlling emissions against those of
under controlling carbon emissions in
light of the underlying uncertainties about
climate change, climate change costs and
mitigation costs. As a general rule, these
studies do suggest the desirability of more
immediate control (perhaps 50% more re-
ductions relative to baseline emissions
than in the case of perfect information,
representing a further reduction in the rate
of growth of emissions), but not an imme-
diate reduction in emissions rates, Only a
very high probability of severe damages
emerging within a few decades and very
low discount rates lead to a more Draco-
nian optimai emissions reduction program.
This suggests a high premium on research
on potential climate surprises resulting
from greenhouse gases over the next
1020 years, as a more gradual and com-
prehensive control program is being
phased in.

Key technical issues

Bottom-up versus top-down modeling

Pleasingly, the disconnect between top-
down and bottom-up studies of mitigation
seems to be disappearing rapidly as most
of the contributions to this issue indicate.
This follows a trend previously chronicled
in the 1994 special issue of Energy Policy
on ‘Markets for energy efficiency’ (Hunt-
ington ef al, 1994; see particularly the uni-
fying framework papers by Jaffee and
Stavins, Sanstad and Howarth, and Hunt-

ington in that issue). Most authors in this
volume recognize that each approach has
its strengths and limitations, making a
careful combination of information from
both approaches superior to either one
pursued independently. The one exception
seems to be the Chandler ef af piece on
economies in transition. Since these
economies are currently in between mar-
ket economies and planned economies and
it is not clear which direction they will
take, it will be difficult to sort out the ap-
propriate balance between the top-down
and bottom-up approaches for them.
Clearly, their is a higher premium for
cross checking results from top-down
models with those from bottom-up medels
in studying centrally planned economies.
On the other hand, complete abandonment
of the top-down perspective makes it diffi-
cult to insure that polices taken in the en-
ergy environment area will be consistent
with the long-run economic growth objec-
tives of the countries involved; there is too
much potential for major efficiency losses
across markets for ron-energy goods, and
sub-optimality in the rate of capitat accu-
mulation and its allocation to different in-
dustries. Moreover, the Thistorical
propensity for ieaders in the economies in
transition to overlook or ignore these fac-
tors was one of the main reasons they uiti-
mately found themselves motivated to
change to more market based systems of
£Conomic organization.

As pointed out by Hourcade and
Robinson, both top-down and bettom-up
modelers have adjusted their emissions
projections towards each other, although
the top-down modelers have come down
more than the bottom-up projections have
come up. A complicating factor in that as-
sessment though is that econemic growth
prospects are felt to be significantly lower
than envisioned 1015 years ago. [n gen-
eral both types of modeling approaches
take these projected economic growth
rates as inputs. Indeed a typical outlock
for the OECD other than Japan 15 years
ago might have been 3.5% GDP growth
rate per year refative to 2.5% per year or
less now, while Japan might have been
projected to grow at 4.5% to 5% per year
relative to 3.5% or 4.0% now, with pro-
jected GDP growih in the developing
countries dropping from 6—7% per year in
1980 to 4-3% today (the difficulties in
projecting economic growth in the
economies in transitien have already been
discussed).

The top-down medels have been sig-
nificantly influenced by results from bot-
tom-up analyses over the last 10-13 years.
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First, many of the top-down models have
had process sector detail drawn from bot-
tomn-up studies in their representation of
energy supply technologies. Secend,
through the introduction of aggregate en-
ergy demand-side trends unrelated 1o en-
ergy price changes, the baseline energy
demand projections in these models has
come down significantly, in large part due
to the influence of results from bottom-up
modeling., Many top-down models use a
parameter czlled the Autonomous Energy
Efficiency Improvement {(or AEEI } factor
to represent the annual rate at which en-
ergy demand declines independent of the
effects of any price changes. Ten years
ago, this factor was not typically in most
top-down models, primarily because it is
difficult to estimate it with historical daia
(indeed the most careful attempt to meas-
ure this trend using historical fuel price
data by Jorgenson (1994) suggests that
the effect actually increases rather than
decreases energy demand over time).
Nonetheless, the typical top-down model
now uses an AEEI value of say 0.7% per
year {with many as high as 1% per year).
This value implies a 19% reduction (26%
for & 1% AEEI) in baseline energy use by
2030 (implying that the actual projections
would be 28% (42%) higher if not for the
inclusion of this factor), and a 34% reduc-
tion {(45% for a 1.0% AEEI) by 2050 (with
actual projections 47% (73%) higher than
without the AEEI factor). Through these
assumptions large amounts of no regrets
opportunities, technical improvements and
structural shifts are projected to occur.
Third, most models incorporate the possi-
bility of lower than world level energy
prices in some regions, so that additional
no regrets optiens are assumed to be un-
dertaken if these price differentials are
eliminated.

As pointed out by Hourcade and
Robinson and re-enforced by several of
the country study and sectoral authors, be-
havioral information from socislogical
and psychological research is starting to
be integrated into both bottom-up and top-
down analyses. This type of research may
be the only way that the refative contribu-
tions to the energy efficiency gap of mar-
ket failures and hidden costs can be
diagnosed (see Huntington er af, 1994),
This process will take some time though
as most of that research has been done at
the micro-level, and ways will have to be
developed to scale it up to the aggregation
required by mest of the models.

Finally, there is a useful difference in
the policy measures suggested by the re-
sults of the two types of anaiyses. The ‘en-

ergy efficiency gap’ refers to the differ-
ence in the aggregate energy efficiency re-
sults from the two types of models. [t
resulis from a combination of hidden costs
(ie costs left out of the bottom-up analyses
tike search and decision making costs, fi-
nancing costs ete) and market failures (like
imperfect information regarding the char-
acteristics of new technologies, and
agency problems where iandlords make
energy efficiency investments and tenants
pay encrgy bills). Thus, the resuits from
the bortom-up models can be used to iden-
tify market failures and to design policy
measures to counteract them (as Jaffee and
Stavins, 1994, note, it is important to make
sure the costs of the polices are less than
the expected efficiency gains). These poli-
cies directed at specific market failures are
a much better way to correct thern than the
imposition of carbon emissions limita-
tions, which cannot separate hidden costs
frem markets failures as the causes of the
energy efficiency gap.

Revenue recycling

The idea of reducing the net costs of car-
bon emtssion reductions by using the tax
revenues collected by the control program
to reduce mere distortionary taxes in the
economy is highlighted by both Hourcade
and Robinson, and Montgomery and Jac-
card, with the former somewhat more opti-
mistic about the potential than the latter.
This is a complicated issue about which
the basic conceptual ideas are still being
refined. Several observations can be made
given the current state of understanding of
the potential for revenue recycling. Rais-
ing tax revenues imposes costs on the
economy. The current tax system is the re-
sult of a complicated many party polit-
ical-economic negotiation. The result of
that negotiation process is a system with
wide differences in the costs of raising tax
revenues in different ways (eg personal
and corporate income taxes, excise taxes,
social security taxes).

If new revenues are raised through en-
ergy—carbon taxes and they are used 1o
eliminate more expensive taxes this can
reduce the net cost of the energy—carbon
taxes to the economy. However, the exis-
tence of pre-existing taxes throughout the
economy complicate the calculation of net
benefits, making a general equilibrium ap-
proach desirable. Nonetheless, net costs
can be reduced if the indicated policies are
secially feasible (eg reductions in taxes on
capital).

There is also a politicat economy chal-
lenge to be faced in using revenue recy-
cling as part of a carbon emission reduc-
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tion strategy. [ would not go quite as far as
Montgomery and Jaccard in recommend-
ing complete separation of a carbon taxa-
tion program from more general tax re-
form. A carbon tax would provide a new
source of substantial government rev-
enues creating the opportunity to redo the
complicated political-economic negotia-
tion underlying the existing tax system,
On the other hand, rather than using the
new tax revenues to reduce other more
distortionary taxes, they could easily be
used to support additional government
spending on programs that have lower
productivity than if the private sector
spent the same amount of money. In this
case, the net cost of the carbon tax would
be larger rather than smaller than the cost
when the recycling is done in a way that
has the same average cost as revenues
raised though the existing tax system.

Technological change

Energy—carbon taxes may stimulate the
development of new 1e:hnologies that use
less energy and produce less carbon emis-
sions. But, for both direct support of R&D
and that induced by higher taxes, the net
benefits of this induced technical change
depends on how large the benefits are and
whether the opportunity cost of the funds
used for the R&D is higher or lower than
those benefits, Energy R&D could reduce
energy use and carbon emissions. How-
ever, the results of R&D in other areas
could lead to more or less energy use, and
these outcomes could be more important
than the energy sector R&D outcomes.

The returns to R&D are very uncer-
tain, but most empirical studies suggest
under investment in R&D (see, for ex-
ample, Sakurai er al, 1996). This under
investment is probably the result of pri-
vate sector’s assessment that many of the
benefits of the R&D would not be appro-
priable by them, and government and the
public not believing or understanding this
rationale for government R&D support.
Direct public support for R&D would in-
volve large direct costs to the government,
but avoid the indirect market costs (ie
deadweight costs) resulting from en-
ergy—carbon taxation. On the other hand,
the public R&D support might simply dis-
place private support for R&D. Moreover,
the track record for government selection
of large-scale RD&D technologies to fund
has not been very geod at times, which
suggests funding more concepts at the
small-scale demonstration evel and let-
ting the private sector determine which of
the successful ones to fund at the next
stage.
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