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This communication summarizes the main findings of INASUD, an European-wide research project on integrated assessment of climate
policies. The project aimed at improving the framing of climate policy analysis through the parallel use of various existing integrated
assessment models. It provides a comprehensive examination of the link between uncertainty regarding damages and inertia in economic
systems. Results show that the Kyoto targets and timing are consistent with the precautionary principle but offers little insurance for longer-
term climate protection. Flexibility mechanisms offer potentials for cooperation with developing countries, and are necessary to tap the
environmental and economic benefits of joint carbon and sulfur emissions abatement.
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1. Introduction which aim at framing better the decision-making in the face
of controversial risks.

This article has a somewhat unusual tone for a scientific The first group of results examine how to implement
paper, as it tries to convey modeling results to a broadgiobally the precautionary principle through an appropriate
policy-oriented readership. It summarizes the findings oftaning of actions. The second discusses Kyoto targets and
project carried out by a multidisciplinary European networlgynamic consistency problems raised by quantity based co-
INASUD. We acknowledge that most of the material is na§rdination of climate policies. Lastly, some insights about
new and that most of these results have been already pgbticy design are drawn including the consideration of envi-

lished in various journals with more technical details, conronmental double dividend and flexibility mechanism.
firming results from other studies outside this project.

This paper is motivated by the feeling that the main find- _ o _ _

ings of modeling efforts are insufficiently used by decisior?2. On the Rio objective, precaution and impacts
makers. As noticed by IPCC, stake-holders have a some-r, target of two times the pre-industrial g@oncen-
what paradoxical attitude towards models mixing great St .

! ; ; . . . _tration level retained by the EU before Kyoto to support
pectations with real distrusts. This is especially true for mtet- - . T

S e . its position, and which governs implicitly many though-

grated assessment models. This is legitimate given the ngv

elty and intrinsic weaknesses of these tools, but also refleg éoerlments, refers to a G@quivalent level of 550 ppm.
o ; . .EXperts generally agree thtte target 550 ppm does not
a lack of communication from the modeling community it-

self. Model findings are widespread in plenty of specialize%é"l:sl’g]gdequately the ultimate policy objectiies various

journals and the scientific discussion tends to focus on the
most interesting, i.e., controversial, points. Yet these ong®- Ambiguity: accounting for other greenhouse gases, the
ing debates about the implementation of the Kyoto protocol target could be interpreted as referring to about 450 ppm
and its evolution beyond 2012 in models should not hide a for the level of CQ alone. It is also unclear whether
core of agreed upon robust insights useful to put some ratio- 550 is more related to radiative forcing, which matter for
nale into discussions. climate dynamics, or to a two degrees warming, temper-
To this respect the INASUD project on integrated assess- ature being a proxy for damages.
ment modeling of Global Environment Policies and Decie Atemporality: there is no serious policy targets without
sion Patterns has the specific interest of relying on a set of timetables. This is all the more important that the speed
parallel and complementary numerical experiments carried of climate change commands the variability of climate,
out by various integrated assessment models. We will try and that increased intra-annual and regional climatic in-
hereafter to demonstrate that, beyond their differences in ap-stability is directly related to the occurrence of extreme
proaches, these models are apt to provide a consistent resultgvents in local ecosystems and economies.
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e Uncertainty: surprises are still possible regarding thenhances the costs of shifting from an initial 550 ppm con-
concentration level and the pace at which global climatientration target towards a 450 ppm target which may be
non-linearities occur, leading to revision of the ultimateequired in case of bad news about climate change damages.
objective. The other factor increasing the level of optimal precau-

tionary action is the importance of induced technical change.

Modeling exercises suggests that the idea of a long "His was illustrated in INASUD through a quantified retro-

GHG concentration target apt to prevent dangerous .mtesr'ective analysis of the Montreal Protocol history. Indeed
ference with the climate system, as phrased by the Climate

Convention, should be takesum grano salis This is the is is the set of expectations formed after the first debates

reason why the IPCC second assessment report strongly%ttx)jl-)ut ozone depletion and the regulation of CFCs which

; e El’l gered a learning-by-doing process which reduced drasti-
vocated that climate policies must be framed as a sequenti . .
cally the cost of phasing out ozone depleting substances and

process: one should not look forward to optimize the re- K bl biti b h
sponse over the long run, but one should try to find aflexibﬂ%a € acceptable ambitious a atement targets. In the case
strategy apt to be modified in the light of new informatior? green—_house gases r_eductlc_Jn the seF Of techr_10|ogy to be
regarding climate and technology. changed_ls so wide thfit it requires early initial action such as
up-front investments into R&D but also early abatement to
deploy niche market and experiment low- and zero-carbon

2.1. Formalizing precaution technological options.

Models used in INASUD formalized this precautionary
policy approach by balancing explicitly the environmentd.2. Capturing impacts of climate change
irreversibility, increasing today the stock of pollutant imply
more effort tomorrow, and the investment irreversibility, the The policy outcomes of cost-benefit modeling exercises
opportunity cost of over-cautious policies. The firstand mokt less straightforward. Until intergenerational equity issues
robust insight of the analysis is thie critical factor is ad- and the different aspects of ignorance are formalized much
justment costs under the worst-case hypothes§iggure 1 Dbetter, it is safer for the policymaker not to believe the num-
shows that if the targetis 550 ppm, then differing action untilers. That is why we focused on methodological issues asso-
2010 has only a modest effect upon the optimal cost profilgated with impacts of climate change, uncertainty and ultra
but if the target is 450 ppm there is an very high supplemelong period economic analysis.
tary cost to waiting. We analyzed the representation of damages in integrated
This is why postponing greenhouse gases abatement asdessment models. It appeared that most of those struc-
simply waiting for cheaper carbon saving technologies aurally exclude any significant subjective probability at-
new information would not represent a precautionary palached to the occurrence of highly non-linear damages such
icy strategy. Our numerical experiments demonstrateithatas a slowing down of North Atlantic thermohaline circula-
most cases, costs of acting too late dominate costs of eaityn. Exploring the sensitivity of our models with respect
action They are set in a stochastic cost-efficiency framee the shape of the damage curve shows that optimal cli-
work where a 550 is treated as the mean value of targetate policies depends critically on where and when non-
ranging from 450 to 650 ppm with equal probability. linearities are possible. More specifically, optimal concen-
The level of the optimal abatement over the short anghtion trajectories imply early departures from current emis-
medium term is all the more important that technical sysion trends which are substantial only if significant damages
tems’ inertia is high, capital stock turnover and diffusiomccur for a+3 degrees temperature increase or a 500 ppm
rates of carbon-saving technologies are slow. This iner@o, concentration. Early drastic emission reductions can be

justified if at least a low probability is attached to damages
Current global expenditure ) P Y J

5 increasing very rapidly with warming, at a rate greater than
7N Begin in 2020— — — discounting, at some pointin the fl_Jture. N . .
4 \ Optimum INASUD compared optimal emission policies using dif-
\ ferent intertemporal criteria in dynastic models. The resultis

much to more conventional approaches. We found that Heal
and Rabl discounting for example have the same numerical
effect on optimal control as a lower pure time preference in
classic discounting. Optimization using the Chichilniski cri-
550 . teria did not change significantly the emissions targets over
2000 2020 2040 2060 2080 2100 the following two or three decades, which is the relevant
time horizon for most of today decisions. Comparative ex-
periments confirms that the level of discounting matters but
Figure 1. Optimal cost profiles for GOstabilization at 450 and 550 ppm, that the impact of various forms of discounting is dominated
starting in 1990 and 2010. Computed with DIAM at CIRED. by other parameters such as the shape of the damage func-

]
]
3 i \ that to focus on alternative discounting methods does not add
]
]
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Year
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tion, risk-aversion and the preference for intra-generatiortal. Differential inertia across sectors
equity.

Given the uneven distribution of climate damages, one Uncertainties about the baseline socio-economic future
have to account for the preference for equity when aggregate as large as uncertainties about the climate system, and
ing welfare in global optimization models. This is a way tdhis is all the more dangerous that the underlying technical
translate in a tractable manner real political concerns behisystems are rigid. The INASUD project tried and empha-
climate policies. The introduction of the “inequity aversion’sized the trends in transportation sector as one of the most
provided an unambiguous result. Since climate change afitical uncertainty, which is totally related to the role of in-
fects more poorest regions and since developed regions eentta. In transportation sector the loops between demand and
more GHGs, emission abatementimplies a transfer of weatthpply patterns is so high that is inertia may lead to a lock in
(in utility terms) from the rich to the poor and this is valuea¢arbon intensive development patterns.
more positively as inequity aversion increases. In a cost- Experience demonstrates that progress in the efficiency
benefit framework, substantial emission reductions only oof oil-based motors have been largely offset by rebound ef-
cur if countries co-operate and heed to each other’s weflects such as higher driven distances; bigger cars and in-
being. creased competitiveness of road compared to rail and wa-
terways transportation. This can significantly delay the mar-
ket penetration of low- and zero-carbon transport technolo-
gies. Moreover, the dynamics of transport-related emissions
are driven by feedbacks between infrastructure policy, urban
forms and life styles.In case of a lack of early control of

The concern emerges from many quarters that globalifi¢ transportation sector’'s dynamics, an over-proportional
the Kyoto targets may not be ambitious enough to signipurden will ultimately fall on the industry sector
icantly mitigate climate change. Quantitatively, exercises
carried out in INASUD illustrated figure 2 tend to demon3.3. Multi-gases
strate the contrary. Kyoto targets are consistent with the
option of staying below 2C global warming, and do not  The inertia parameters are also important to discuss the
preclude the possibility of shifting from an intermediat¢ole of other gases in the system. Including methane in
550 ppm target towards a more ambitious 450 ppm targée emission basket reduces dramatically the overall cost of
with reasonable costs if future scientific information demonmeeting Kyoto targets, but does not contribute to long run
strate that such a shift is required. stabilization of the greenhouse effect. Assuming a five per-

But the diagnosis on the Kyoto targets has to consider thent discount rate, it was found that including methane di-
heterogeneity across industrial systems, gases and countwéted the stabilization cost by three to five (see table 1).
INASUD explored the role of technical inertia, inter greenkn principle, the optimal use of the GHabatement poten-
houses gases substitution, and development in non Anneki@ would be to preserve it as safety reserve, to use in case
countries on the distribution of efforts. of unexpected rapid climate change or difficulties to control

3. On Kyoto targets and dynamic inconsistencies

3.1. Kyoto targets allow for precautionary strategy
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Figure 2. Global C@ emissions pathways consistent with long-term stabilization of concentration. The S550 and W550 trajectories illustrate two extreme
attitudes with respect to early action. The U550 curve illustrates a sequential decision-making strategy. It assumes that the 550 ppm tanget is only a

expected value, to be revised to 450, 550 or 650 ppm in 2020; and it minimizes reduction costs using the DIAM model [1, p. 707].
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Table 1 ; oo
) I . olicy measures to lower SCemissions, for example flue
Net present income losses of a 550 ppm stabilization scenario (losses rgla- y P

tive to business as usual scenario) with and without international coopegafils desulfurization from coal fired power plants, relnforcmg

tion, and with and without methane emission reduction. the dominance of existing energy use and supply patterns,
: ; : ) ) — making future carbon reduction more difficult and costly to
No international cooperation Full international cooperation hi
CO,only  CO;and CH CO,only  CO;and CH achieve.
21 9.5 6.7 L7 3.5. Intergenerational consistency and induced technical
Computed with FUND, discount rate 5% [1, p. 466]. Change
Climate ch obal Ta*i'e_fh d without sulfur reducti A specific risk of dynamic inconsistency stems from the
imate change giobal impact wifh and without sullurreduction. - fact that abatement efforts of our generations may be an-
S550 reducing WS550 reducing nulled by decisions of the forthcoming generations. We
COzonly  COand SQ COzonly  COand SQ have demonstrated that incorporating this risk leads to higher
113, 108, 13, 123, abatement efforts today to anticipate the careless behavior of
our children.

See figure 2 for CQ 550 ppm stabilization trajectories. Computed with It ; ;
- ) seems unlikely and probably un-equitable that current
PAGE, trillions US$, discount rate 3%. Results show central value and the y P y q

value corresponding to the first and the last quintile [1, p. 430]. génerations support such an extra burden. More empirical
work is needed to assess to what extend modeling technical
CO, emissions. Because of its short residence time in the ghange as an autonomous process or as induced by the ac-
mosphere of about twelve years, reductions on €slild be tions changes the magnitude of the burden imposed on the
used to lower the apex of costs of long-term climate policiesyrrent generation to prevent later generations to defect.

rather than as a substitute for initial efforts on£0 From a qualitative point of view, the most efficient way
to prevent this risk and to upgrade the effectiveness of cli-
3.4. Potential carbon-intensive lock-in by developing mate policies is to induce carbon saving technical change so
countries as to reduce abatement cost and the attractiveness of later

slackening mitigation endeavors.

Beyond 2012, all simulations confirm the intereseai-
barking developing countries to climate policies as soon as
possible Without their participation no safe long-term sta4. Concluding remarks
bilization of climate can be achieved. Model simulations
highlight the difficulty of setting emissions targets for these In conclusionthe distinction between action and abate-
countries that meet equity concerns and avoid repeated &ent is criticalto clarify policy debates. Abatement cor-
cess assignments because of the uncertainty on emissig@gponds to quantitative emission reduction targets over a
baselines and long-term targets. North/South discussidigen time period, but a quantitative target is not a good indi-
should be conducted in order to support domestic policiegtor of the relevance of policies over the long run. Immedi-
and measures enhancing sustainable development pattétasaction corresponds to enhanced R&D and infra-structural
in developing countries. efforts. They contribute little to greenhouse gases emissions

The environmental double dividend related to sulfur emigbatement over the short to medium term. But these efforts
sions is large Developing countries emit a growing sharere required in order to be able to abate more, faster and
of the global CQ and SQ, the latter leading to unaccept-cheaper in the future.
able acidification impacts, particularly threatening in Asia The INASUD project shows that in the absence of cer-
(see figure 3). Under an illustrative 550 ppm concentratidainty about climate damages and future socio-economic
scenario, the secondary benefit of an early,GDatement trends, the interplay between inertia of technical systems and
in developing countries is that: cumulative sulfur emissiongncertainty legitimates early action. Recognizing the impor-
are reduced by 60%, methane emissions by 65%. Aggregtitace of inertia in energy systems and adopting the perspec-
cost savings up to forty percent can be realized by simultive of induced technical change makes technology policy
neous reduction of SQand CGQ emissions, most notably in the critical determinant for creating synergies between var-
Asia, when compared to pursuing these two environmentaus environmental targets and for lowering future costs of
objectives separately, reducing $€missions only in Asia complying with uncertain environmental limits.
and CQ in the OECD. At the aggregate level the Kyoto targets are compatible

This environmental double dividend can be achieved onlyith precautionary strategies against a two degrees global
if carbon and sulfur reduction occur in the same regiomarming. They trigger a shift towards lower levels of green-
which impliesthe need for interregional transfers of fundshouse gases emissions which is apt to avoid passing a too
through emission trading systems or extended clean deve¢avy burden to future generations. But quantitative targets
opment mechanisman indirect double-dividend would be over the short and medium run are not a good indicator of the
to avoid the lock-in of countries as China or India in a coabustainability over the long run: the short-term Kyoto tar-
based economy. Those are indeed likely to focus on add-gets do not assure any long-term climate stabilization. Even
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Figure 3. Excess sulfur deposition above critical loads for ASIA in 2050, uncontrolled scenario F, computed with IIASA MESSAGE and RAINS models
[1, p. 411].

if technically, Kyoto targets could then be met without inpacts in Asia. These represents an opportunity to use the Ky-

vestments into low- and zero-carbon technology R&D arato mechanism. Models show that an early,Cibatement

in sustainable transportation infrastructure development, dif- developing countries would also induce a very significant

fering these actions could be unacceptable from future gerduction in sulfur and methane emissions as well as large

erations’ point of view as it narrows their future responsaggregate cost savings. This environmental double dividend

options by increasing technological and infra-structural iris however contingent on that carbon and sulfur reductions

ertia. occur in the same region, which requires interregional trans-
The Kyoto framework also is also open to dynamic infers of funds through trading systems or the clean develop-

consistencies intrinsic to any quota approach. This legitikent mechanism.

mates the supplementarity condition to trading systems, al-

though not necessarily in the form of quantitative limits to
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