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How Consistent are Alternative Short-Term Climate Policies with
Long-Term Goals?

Summary

Choosing long-term goals is a key issue in the climate policy agenda. Targets should be
easily measurable and feasible, but also effective in damage control. Once goals are set
globally, given the uncertainty affecting long-term strategies and region-specific
preferences for different policy instruments, policies will be better represented by a
diversified portfolio to be revised over time, rather than “once and forever” decisions. It
therefore becomes crucial to understand to what extent different strategies (or policy
portfolios) are consistent with long-term targets, that is, when they imply emission paths
which do not irreversibly diverge from globally set goals. The present paper aims to
investigate emission paths implied by plausible policy scenarios against those derived
by imposing alternative long-term targets, comparing, for example, differences in peak
periods. Plausible policy scenarios are for instance Kyoto-type targets with or without
participation by the U.S. and/or by developing countries. Different long-term targets
considered focus on stabilisation of CO, concentrations, radiative forcing and the
increase in atmospheric temperature relative to pre-industrial levels. In order to account
for the uncertainty surrounding the climate cycle, for each long-term goal multiple paths
of emission - the most probable, the optimistic and the pessimistic ones - are considered
in the comparison exercise. Comparative analysis is performed using a newly developed
version of the FEEM-RICE model, a regional economy-climate model of optimal
economic growth which is based on Nordhaus and Boyer's RICE model crucially
extended in order to account for induced technical change. In particular, both carbon
and energy intensity are affected by a new endogenous variable — Technical Progress —
which captures both the role of Learning by Researching and of Learning by Doing.
These are in turn determined by the optimal levels of Research and Development and of
Emission Abatement.
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1. Introduction

Goals are for the long run, policies for the shart. Goals relate to what we should
do, policies more often than not relate to whatoaa do. In their implementation process
policies often are subject to various constrainipdsed by policy making, goals are more
easily set. In the case of climate change thisgéstatement is especially relevant and acute.
Evidence has been accumulating on the need todeken against the effects of climate
change. The policies envisaged by the Kyoto Prdétdoong the first commitment period
2008-2012 are a major example. At the same timeause of the long time horizon over
which climate change displays its effects, goalks set in the distant future. Indeed, no
reference to goals in terms of, say, temperataiative forcing, concentrations, is made in

the Kyoto protocol itself.

Alternative goals can be stated and proposedikestlternative policy portfolios may
be conceived and suggested. Most, if not all, eé¢hhave been subject to study. However, a
clearly relevant issue is how congruent policy pags and goals are with each other. And
this is an issue much less studied. One of thedrgeptions is represented by the present
paper. In it we try to get some insights on howrsherm policies, which are strongly
connected with the actual socio-political scenaand economic constraints binding
abatement expenditures, are related with long-tgyats, which are generally proposed by the
scientific community being more concerned with importance of immediate unconditional

GHGs abatement.

The analysis conducted here is based on the FEEBERHhodel, a multi-region
optimal growth model incorporating a climate modwlath it we investigate the magnitude

of anthropogenic emissions over time when differdimhate policies, such as those of the



Kyoto Protocol, are adopted. Those emission patis tlken compared with emissions
deriving from scenarios where global targets, sasha constraint on global temperature,
radiative forcing or on atmospheric carbon conaiuns, have been imposed. The main
reason for this exercise is that uncertainty surdmg the climate change cycle makes it very
hard for the scientific community to agree upon*“aaceptable” level of greenhouse gas
concentrations: see, for example, Schneider (200h)s implies that the main policy
objective should be to keep human activities oeweensible path of emissions which leaves
open future options to stabilize concentrationdms “secure” level. It is obvious that no
‘once forever’ solution exists (...) the most preimg approach to climate policy is sequential
decision making (...) Short term strategies arentbeafted so that both GHG emissions and
the underlying socio-economic processes (resousee technologies) evolve in a direction
which makes future course corrections in any dicgctthe least expensive(Toth and
Mwandosya, 2001)

Because uncertainty is central to the problem oémeiling policies and goals, in the
paper we also explicitly tackle the issue of howernainty affects the most critical model
parameters through sensitivity analysis. In paldicuong-term goal scenarios are simulated
for different values of a few key FEEM-RICE parasrstwhich define the climate sensitivity
to a doubling of carbon atmospheric concentratiod the carbon rate of retention in the
atmosphere.

In general the simulation results appear to sughestsome policy action should take
place not too late for the short term policy scersawe have identified to be compatible with
our chosen long term targets. In particular, toi®e noted that the Kyoto regime soon to start
appears to be on a compatible emission path, at lgato the second commitment period.

Zooming in on the first half of the simulation pedj we find that the most stringent targets



for concentrations and temperature reduction aarlyl out of reach of any policy that could
be decided for the first commitment period. In &ddi the Kyoto scenario during the first
commitment period turns out to actually be beloe #0 ppmV stabilization target. This is
however not so if we adopt a 2Gtemperature reduction as our final target. Logkah the
uncertainty affecting the climate parameters ofrtioglel, it clearly emerges that if they take
on a pessimistic value, then we are gravely untierasng our mitigation efforts. This is not
so however in the most probable situation and eweme so in the optimistic case. In
particular the Kyoto scenario, with which we argpexsally concerned, is compatible, or
actually below, both the most probable and optiis650 ppmV concentrations targets.
Instead, when we look at temperature the Kyotocgak in 2035 below the optimistic case
but above the most probable situation.

The rest of the paper is organized as follows. i8@@ summarizes and compares
advantages and disadvantages of alternative tar§etsion 3 sketches the FEEM-RICE
model and describes the treatment of induced teahohange, a fundamental ingredient of

climate-economy models for long term analysis. i8act presents the results.

2. Comparison of Alternative Targets

The climate change cycle represented in Figurerkists of earlier stages, namely
human and natural activities producing greenhoasses emissions, and final stages, namely
the damage feedback effect, both on human actanty on the ecosystems. It is possible to
consider constraints and targets on each of thd@Bemt phases of the cycle. Different
targets present advantages and shortcomings asugidy discussed by, for instance,

Pershing and Tudela (2003).



In general, focusing on earlier stages (such agyat@mn or emissions) means having
more precise information on what the required éfirould be, but it may not produce
effectively the desired effects, mainly becausehefloose relationship between actions and
climate impacts. The reverse is true for targefsosed on later stages.

The IPCC conventionally has concentrated its datienbn the earlier phases of the
cycle, namely by imposing constraints on atmosghamissions of tons of greenhouse gasses
or on emission intensity (emissions per unit of poitlt, (see IPCC, 2001). Targets on
emissions are relatively easy to identify, to inmpéant and to measure. However, given a
certain level of emissions through time, resultoopcentrations of gasses in different layers
of the atmosphere are extremely uncertain andecuestly, it is hard to forecast how severe
the final impacts on the climate system and on huadivities are going to be. Indeed, each
subsequent phase of the chain is highly charaetéhby uncertainty, thereby making accurate
forecasts difficult and scarcely reliable. Neveltiss, targets on actual and future emissions
allows to better understand who should undertak¢eatent efforts and when, thus providing
clearer grounds for the international equity delaaie climate negotiations among the parties.

Article 2 of the United Nations Framework Convention Climate Change
(UNFCCC) states that the goal is the “stabilizatioh greenhouse gases (GHGS)
concentrations in the atmosphere”, thus moving gbkcy focus one step forward in the
climate cycle. While Sarofim, Forest, Reiner andlliRg2004) discuss whether separate
concentration targets should be established foh €&xdG, Wigley, Richels and Edmonds
(1996) discuss the issue of stabilizing carbon eatration in the atmosphere and what are
the implications in terms of timing the necessdfgre Setting the control on concentrations
implies a less immediate link between the desi@al gnd the necessary action, a fact that is

also true in the cases of targets on radiativarigror on the rate and magnitude of the change



of atmospheric temperature. Many recent sciengificlies have emphasized the need to go
beyond GHGs atmospheric concentration targets aodenforward in the climate cycle.
Richels, Manne and Wigley (2004) discuss the issui@mposing a cap on temperature
increase and the potential beneficial effect oating relevant uncertainty, while Sarofim,
Forest, Reiner and Reilly (2004) discuss the issliestabilizing radiative forcing. The
motivation for this is both scientific - a greatontrol on the climate phenomena effects
might be attained - and policy oriented - thesgdt incorporate a greater deal of information
and consideration which are critical for policy reek Given the global nature of any climate
policy and, therefore, of these targets, it becomexessary to think of ways of accordingly
distributing the effort (for example in terms of iesion rights) among different countries,
following some equity or efficiency criterion (e.gan the basis of GDP per capita). For a
detailed discussion on various participation inc&st the reader is referred to Bosello,
Buchner and Carraro (2003) and Buchner and Caf203a; 2003b). Both in the case of
atmospheric concentrations and of temperature doatjgns in the measurement phase are
absent. However, complications arise when actuaipg to measure efforts relative to the
defined targets.

Finally, as for targets at the final stages of chmate cycle, the major benefit would
be that of having direct control on the amount amdge, which is exactly what a policy
eventually would aim to control. The target cowudtd the form of a limit on sea level rise,
loss of ecosystems or of economic activities or esather identifiable indicators. Hence, a
direct cost-benefit analysis of climate policy wibude available. Two problems limit the
applicability of this last approach. First, the reunt limited ability of quantifying damages.
Second, the distance between the object underatgffitnal impact) and the control itself

grows even larger, thus making this approach, aquitéely in terms of implementability.



For the just mentioned reasons, in this paper weceamdrate our attention on
investigating and comparing the first four categerof targets, namely different targets on
emissions (which we will refer to also as shortrtgrolicy scenarios in order to emphasize
their scarce connection with long-term objectives), one side, and constraints on GHGs
atmospheric concentrations, radiative forcing aradase in temperature (which we refer as

long-term stabilization scenarios), on the othdesi

3. The FEEM-RICE Model

The analysis of the issues discussed in the pregeation is conducted by means of a
numerical climate-economy model called FEEM-RICEBe TFEEM-RICE model, which we
briefly describe here, is an extended version ofdNaus and Boyer (2000)’'s RICE model.
This is a Ramsey-Koopmans single sector optimawtiromodel suitably extended to
incorporate the interactions between economic iiesvand climate. There is one such model
for each of the eight macro regions into whichwleeld is divided: USA, Other High Income
countries (OHI), OECD Europe (Europe), Russia amadt&n European countries (REE),
Middle Income countries (MI), Lower Middle Incomeuwntries (LMI), China (CHN), and
Low Income countries (LB.

Within each region a central planner chooses thignap paths of two controls, fixed
investment and carbon energy input, so as to maginmelfare, defined as the present value
of per capita consumption. The value added, abdofb@mm production (net of climate
change) according to a constant returns technoisgysed for investment and consumption,

after subtraction of energy spending. The technolisgCobb-Douglas and combines the

! The countries belonging to each one of the maaymns above indicated are listed in Nordhaus angeBo
(2000). The aggregation in macro-regions does cmbunt for the enlargement process which took ptacé”
of May 2004.



inputs from capital, labor and carbon energy togetith the level of technology. Population
(taken to be equal to full employment) and techgglevels grow over time in an exogenous
fashion, whereas capital accumulation is governethé optimal rate of investment.

The carbon-energy input is modeled as being theceoof GHGs emissions in the
production process, and cumulated emissions (@Bcentrations) cause an increase in the
worldwide temperature. To close the circle, globahperature (relative to pre-industrial
levels) is responsible for the wedge between googput and output net of climate change
effects.

In FEEM-RICE each country plays a non-cooperatiastiNgame in a dynamic setting
leading to an Open Loop Nash equilibrium. This isitmation where in each region the
planner maximizes its utility subject to the indival resource and capital constraints and the
climate module for a given emission production lbtlee other players.

The major innovation of the FEEM-RICE model is #relogenization of the process
of technical change (TC hereafter). In many top-dasimate-economy models technical
progress has been often depicted as an exogenocesspr This feature is also shared by the
original RICE model in which the following produeti function ( indexes regiong, time

periods) is specified:

(1) QN = AnY[Ke (0t CE(n,t)™ L(n,t)"] - py CE(n,1)

where Q is output (gross of climate change effect&)the exogenously givemevel of
technology,Kr, CE and L are the inputs from physical capital, carbon eneagyg labor,
respectively, ang° is the fossil fuel price. In addition, carbon esii®s are proportional to

carbon energy, that is:



2)  E(n,D) = ¢n,)CE(n,Y)

whereE is industrial CQ emissions, whileis an idiosyncratic carbon intensity ratio which
also exogenouslydeclines over timé.In this way, Nordhaus and Boyer (2000) make the
assumption of a gradual, costless improvement@igtieen technology gained by the agents

as time passes.

We consider this treatment of TC as non satisfgctor a model designed to study
issues related to climate change. In particulag, ittduced nature of the bulk of technical

innovation should be recognized and consequentlyeted >

In FEEM-RICE we focus on two distinct sources otgmtial TC: the energy intensity of
production and the carbon intensity of energy Useese two aspects allow us to address
energy-saving as well as energy-switching issués. Main novelty of our new formulation
hinges on a new variable, which we call (with poorentive activity) Technical Progress,
which accounts both Learning-by-Researching andrieg-by-Doingat the same timeéNe
assume that innovation is brought about by R&D dpen which contributes to the
accumulation of the stock of existing knowledgeadtdition to this Learning-by-Researching
effect, the model accounts also for the effect @hrning-by-Doing, now modeled in terms of

cumulated abatement efforts. Thus, Technical Pesdie is defined as follows:

2 Throughout the paper we will indifferently refer ‘environmental’ technology or ‘green’ technologyhen
mentioning the time-varying coefficieigt

® The RICE model has been used by Nordhaus (2002eliarsd by Popp (2003) to lay out a model of indlice
innovation brought about by R&D efforts. Both ule hon-regional version of the model, called DICE.



(4)  TP(n,t) = f[ABAT(n,t),K;(n,t)]

The variableTP is conceived to affect both energy intensity (itee quantity of carbon
energy required to produce one unit of output) aadbon intensity (i.e., the level of
carbonization of primarily used fuels). More speealy TP is formulated as a convex

combination of the stocks of knowledge and abatémen

(5)  TRNt) = ABAT(n,t)°K(n,t)*

where K, (n,t) is the stock of knowledge amBATs represents the stock of cumulated

abatement, in turn defined as:

(6)  ABAT,(n,t+1) = ABAT.(n,t) + (1- J,)ABAT,(n,t)

J, being the depreciation rate of cumulated expeeenm@ABAT: the abatement flow. The

stock of knowledgeK , (n,t) instead accumulates in the usual fashion:

(7)  Kg(nt+1) =R& D(nt)+ 1-3,)K,(nt)

Or being the depreciation rate of knowledge.

How does the Technical progress affect the refteeconomy? As seen in equation
(1), the factors of production are labour, physicapital and effective energy. Let us first

consider the effect of technical progress on faptoductivity (the energy intensity effect). In

10



this case the production function is modified sattiil) is replaced by the following

specification:

1) Q(nt) = AN )[Kg (n, )™V CE(N, )™ L(n,1)"]- p,(n,t)CE(n,t)

where:

:B1n

8) a,=a,[TP(nt)]= 2—expC A, TP(N.1)

and f,,andg,, are region specific parameters. Thus, an incréasthe endogenously

determined Technical Progress variable reduaesteris paribus- the output elasticity of the
energy input. It is worth noting that the outputheology in (1) also accounts for TC
evolving exogenously.

Let us now turn to the effect of technical progres the carbon intensity of energy
consumption. As shown in (2) effective energy ressttbm for both fossil fuels input use and
(exogenous) TC in the energy sector. We postutathis case thafP serves the purpose of

reducingceteris paribusthe level of carbon emissions. More precisely:

1 C
- expy/, TP(,1))

(2) E(n,t) =h[CE(n,t),TP(n,t)] = c(n,t)[2 E(n,t),

Here an increase ifP reduces progressively the amount of emissionsrgete by a unit of
fossil fuel consumed.

We finally recognize that R&D spending absorbs soeseurces, that is:

11



(9) Y(n,t) =C(n,t) + I (n,t) + R& D(n,t) + pP (t)NIP(n,t)

where Y is output net of climate change effect,is consumption] gross fixed capital
formation, R&D research and development expenditupisis the equilibrium price on the
emissions rights, antIP is the net quantity of permits demanded on thatiked markets
(when positive; otherwise, it just indicates the@ied quantity on the same market). In
summary, our formulation introduces R&D as a furteategic variable of the model that
contributes to output productivity. Knowledge is sabstitute for experience, but both

quantities are typically positive and thereforeeaffcarbon and energy intensitfes.

4. Simulations and Results

The FEEM-RICE has been used to simulate both pdainy long-term stabilization
scenarios, at the same time accounting for uncgytan a few key parameters. In particular,
four policy scenarios have been simulated, whiehdefined by alternative assumptions on
the involvement of different areas of the world aliiferent time frames. These are reported

in Table 1.

[INSERT TABLE 1 ABOUT HERE]

Specifically, Scenario 1 is the business-as-usuajeption, which is used as a

benchmark for the evaluation of any other scenaBoenario 2 represents the usual

“ For an extensive description of the FEEM-RICE motlelreader is referred to Bosetti, Carraro and Gtaleo
(2004). The issue of induced technical change isudised at length in the same paper and in Carrado a
Galeotti (2003). The appendix reports all modeladigpns.

12



assumptions regarding the nearest future, whicenario 3 and 4 some kind of engagement
for subsequent commitment periods is considereterAhe U.S. announced its defection
from the Kyoto Protocol in March 2001, the remagniyoto countries, EU and Japan, and -
from October 2004 - Russia, participate in the Kyptotocol. This is depicted in the “Kyoto
Forever without U.S.” (Scenario 2), where Annex &umtries, except the U.S., have to
comply with the Kyoto target in the first and inbsequent commitment periods. They are
also allowed to trade emission permits in an irggomal market, while the U.S. undertakes
abatement efforts according to an energy intersitget. Specifically, this target specifies
that the country must reduce its intensity ratidlByo by 2010 relative to the 2000 level. The
rest of the world has no constraints on emissiégstar as non-U.S. Annex B countries are
concerned;2020 Global Target” (Scenario 3) is close to Scen&. The U.S. observe the
same reduction in terms of intensity target in 2808 minus 10% with respect to Scenario 1
in the second and subsequent commitment periodgel®#ng countries adopt the same
unconstrained Scenario 1 behavior in 2010 and 2020le 10% reduction vis-a-vis the
business-as-usual scenario is imposed from 202G@isw Finally, Scenario 4 differs from
Scenario 1 only for the third commitment periodwhich 2000 emission levels have to be
achieved by all countries.

The long-term stabilization target scenarios wesaer are summarized in Table 2.

[INSERT TABLE 2 ABOUT HERE]

The first set of constraints is on the level of r@ggite atmospheric concentrations of,CO

which range from 500 to 650 ppmV. The second dete® to the increase in atmospheric

temperature above pre-industrial levels: here #mge of maximum increases allowed goes

13



from 2.3 to 3 degrees C. The reason why we consildtiple concentration and temperature
targets derives from the open debate concerning wtauld be a “realistic” stabilization
scenario. Nonetheless, for in depth analysis wee l@ncentrated on stabilization levels of
550 ppmV for CQ concentrations and 2.5 degree C for temperatunghware considered as
“appropriate target” by the IPCC (2001). In additito these two scenarios, we have also
simulated a radiative forcing stabilization scenavith a target of 4.5 watts per square meter.
The climate module included in the FEEM-RICE modeh very simplified three box
cycle. Nevertheless, it roughly reproduces dynapih@nomena which are much more
exhaustively detailed and precisely representeghiysical-biogeochemical models (see for
example the papers by Joos, Muller-Furstenberget, Stephan, 1999, and Joos, Prentice,
Sitch, Meyer, Hooss, Plattner, Gerber, and Hasseim2001). What is generally recognised
within this strand of climate literature is thaetklimate sensitivity parameter is extremely
uncertain, it is known perhaps only to a factottwée or less; at the same time it plays a key
role in determining final temperature changes (aitzl discussion on the role of the climate
sensitivity parameter can be found in Caldeiran,Jand Hoffert, 2003). Climate sensitivity is
defined as the global mean climatological tempeeatinange resulting from a doubling of
atmospheric C@content. In several papers the effect of changdke value of the climate
sensitivity parameter is investigated, as for eXxampNordhaus and Popp (1997) or Gerlagh
and van der Zwaan (2004). In the former paper ththoas, investigating the effect of
parameters uncertainty on model results, undetlieeamportance of taking into account also
other sources of uncertainty, such as uncertaiobcerning the GHG atmospheric retention
rate. The simplified climate model we use and whigHinked to the economic module
represents only the basic dynamics. In particidlardimate system is represented as a multi-

strata system, composed by an atmosphere stratmnupper ocean and a lower-ocean
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stratum®> A parameter matrix represents the transition fam stratum to the other and the
retention rate to each stratum. The GHG atmosplretention rate represents the rate at
which emissions are retained in the atmospheréustta=ollowing these considerations, each
of the long-term stabilization scenarios considenede have been simulated for a set of
different values of these two parameters: the Gld@perature sensitivity coefficient and the
GHG-atmospheric retention rate. In particular,sbenarios considering a cap on temperature
increases have been simulated letting the serngiparameter take on values 1.5, 2.5 and 4.5
degree C per C£doubling, as these are commonly considered the apisnistic, probable
and pessimistic potential realizations of the pat@m As far as the retention parameter is
concerned, scenarios considering a cap on atmaspiwrcentrations have been simulated
for a central value of 60.897, an upper value o&68 lower value of 61.5.

We begin our presentation of the results with Feg@ which displays global
emissions when no constraints on emissions aredetp¢Scenario 1) vis-a-vis the case of
maximum emission levels compatible with a globg oa concentration of 550 ppmV. The
figure also provides the reader with the regionetiad as well the temporal evolution of
emissions. The 550 ppmV target is the “standard$tmigually considered in the literature. In
this respect note that under this stabilizatiornade abatement effort has been allocated
among the different regions purely on the basisaainomic efficiency, with no account for
equity considerations. Comparing BaU and stabibrascenarios we see that appreciable
differences in emissions start to be perceived aftlgr 2075. Indeed, as reported in Table 3,
that year is the turning point for emissions unter cap, while in the BaU they increase
without limit. From the point of view of the regiahdisaggregation, most of the abatement

effort is undertaken by the U.S. (and to a lesgterd by Low-Middle Income countries) after

® See equations (A9)-(A13) in the Appendix. The reasleeferred to the description of the climate miedn
Nordhaus and Boyer (2000).
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the turning point, whereas emissions of the remagimegions do not significantly decrease

and those of China even increase.

[INSERT TABLE 3 ABOUT HERE]

The evidence presented in Figure 3 is central it® plaper, in that it shows the
emission paths corresponding to the various skon scenarios and to the long term goals.
The picture appears to suggest that some poliggrashould take place not too late for the
short term policy scenarios we have identified éodompatible with our chosen long term
targets. Note that in the latter case we simplyasepa cap at some future date without asking
how economies would actually meet those targets.ttt be noted that the Kyoto regime soon
to start appears to be on a compatible emissidm, patleast up to the second commitment
period. At the last simulation period we find, agpected, that emissions must be lowest
under a global temperature limit, relative to aiatide forcing ceiling and even more to a
stabilization cap. Indeed, Table 3 shows that tlraihg point for emissions occurs much
earlier in the case of a temperature ceiling, redao the bound to radiative forcing and even
more so relative to a cap to concentrations. Laplahshort run policies, in 2105 emissions
produced by a Kyoto (plus US intensity target) megi(Scenario 2) would be inferior only to
the unconstrained ones. Interestingly emissiongufdenario 4 — a 2020 global cap — would

be roughly similar to those produced under a 55@\pgtabilization scenario.

Figure 4 and 5 zoom in on the first half of the @i@tion period, up until 2045, and
focus on concentration and temperature long tergets, respectively. Can we in this case
get a clue as to when policy action should be uaélen? And how coherent are such policies

with concentration and temperature goals respdg@iwd/hat emerges is a different story for

16



the two targets. Firstly, the most stringent tasget500 ppmV concentrations and °Z.3
temperature reduction — are clearly out of reacharof policy that could be decided for the
first commitment period. The second interestinglifiig is that the Kyoto scenario (Scenario
2) during the first commitment period is actuallgldw the 550 ppmV stabilization target
(and well below the 650 ppmV cap). This is howewet so if we adopt a 26 temperature
reduction as our final target. Emissions in thisecatart to progressively deviate after 2015
from all other paths. Scenario 2 remains compatith a 3.0 degree reduction until 2010,
while it deviates thereafter. A final remark is thatable fact that emissions under the Kyoto
scenario 2 are coherent with a 650 ppmV stabibratarget for the whole second simulation

period that is from 2025 until 2105.

The last two pictures, Figure 6 and 7, relate ® uhcertainty issue. They plot the
emission paths produced by the four policy scesartogether with those predicted by
simulating just one long-term scenario. Also irstbase we zoom in on the first, and more
relevant, simulation period (up until 2035). This a global target on atmospheric
concentrations of C£(550 ppmV) in Figure 6 and on temperature incr¢a<$€C) in Figure
7. In the two figures, however, we respectively sidar different values of the previously
mentioned key uncertain parameters. In this wayltain a “most probable”, an “optimistic”
and a “pessimistic” concentrations or temperatuabibzation scenarios. In both cases it
clearly emerges that if the two parameters takéhencorresponding pessimistic value, then
we are gravely underestimating our mitigation a&oiThis is not so however in the most
probable situation and even more so in the optimsise. Here we have some difference
across the two parameters/targets. In particularKiioto scenario 2, with which we are
especially concerned, is compatible, or actuallpweboth the most probable and optimistic

550 ppmV concentrations targets (see Figure 6)e&as when we look at temperature and at

17



the climate sensitivity parameter, the Kyoto polisyin 2035 below the optimistic case but
above the most probable situation. This adversxetakes place only after the last ten years,

as Kyoto emissions were lower until 2025.

5. Concluding Remarks

Choosing long-term goals is a key issue in the af@rpolicy agenda. Targets should
be easily measurable and feasible, but also effedti damage control. Once goals are set
globally, given the uncertainty affecting long-testnategies and region-specific preferences
for different policy instruments, policies will ieetter represented by a diversified portfolio to
be revised over time, rather than “once and foredecisions. It therefore becomes crucial to
understand to what extent different policy portislare consistent with long-term targets, that
is, when they imply emission paths which do natvarsibly diverge from globally set goals.

In this paper we have investigated emission patmglied by plausible policy
scenarios, such as Kyoto-type targets with or withgarticipation by the U.S. and/or by
developing countries, vis-a-vis different long-tetangets on C@ concentrations, radiative
forcing and the increase in atmospheric temperataelative to pre-industrial levels.
Moreover, we have accounted for the uncertaintyrosunding the climate cycle, by
considering in the comparison exercise the modiaiie, optimistic and pessimistic value of

a couple of key climate model parameters.

The analysis has been performed using a newly dpedlversion of the FEEM-RICE
model, a regional economy-climate model of optimabnomic growth which is based on
Nordhaus and Boyer (2000)’s RICE model, cruciakteaded in order to account for induced
technical change. In particular, both carbon andrgn intensity are affected by a new

endogenous variable — Technical Progress — whigiumes both the role of Learning by
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Researching and of Learning by Doing. These atarimdetermined by the optimal levels of

Research and Development and of Emission Abatement.

In general the simulation results appear to sugfestsome policy action should take
place not too late for the short term policy scersawe have identified to be compatible with
our chosen long term targets. In particular, toi®e noted that the Kyoto regime soon to start
appears to be on a compatible emission path, stt lgato the second commitment period. At
the last simulation period we find, as expected{ #missions must be lowest under a global
temperature limit, relative to a radiative forciogiling and even more to a stabilization cap.
Zooming in on the first half of the simulation pmdj up until 2045, and focusing on
concentration and temperature long term targespeatively, we find that the most stringent
targets — 500 ppmV concentrations and@.8mperature reduction — are clearly out of reach
of any policy that could be decided for the firstranitment period. In addition, the Kyoto
scenario during the first commitment period turng tw actually be below the 550 ppmV
stabilization target (and well below the 650 pprmap) This is however not so if we adopt a
2.5°C temperature reduction as our final target. A bletdact is that emissions under the
Kyoto scenario are coherent with a 650 ppmV stzdtilon target for the whole second
simulation period that is from 2025 until 2105. kot at the uncertainty affecting the
climate parameters of the model, it clearly emeithes if they take on a pessimistic value,
then we are gravely underestimating our mitigagfiorts. This is not so however in the most
probable situation and even more so in the optim@sse. In particular the Kyoto scenario,
with which we are especially concerned, is comgatibr actually below, both the most
probable and optimistic 550 ppmV concentrationgydts. Instead, when we look at
temperature the Kyoto policy is in 2035 below thatimistic case but above the most

probable situation.
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Appendix: Model Equations

In this appendix we reproduce the equations thatemg the original RICE model, including those
that have been subsequently modified.

In each regionn, there is a social planner who maximizes the ¥athg utility function ( indexes the
world’s regionst are 10-years time spans):

(A1)

W, = XU [c. @), L, ®]R®) Ly (tY{log[c, }R()

where the pure time preference discount factoivisrgby:

(A2)

R(t) = |j[1+p(v)]‘l°

and the pure rate of time preferenxe) is assumed to decline over time.
The maximization problem is subject to:

(A3)
(A4)

(AS)
(AB)
(A7)
(A8)
(A9)

(A10)
(A11)
(A12)
(A13)

(A14)

Q. (1) =Q, A, K, ()L, (1)’ CE, () - pE (t)CE, 1)}
K,e(t+1) = 1=0,)K, () +1,(t+1)

Q.()=C, () +1,(t)

E, (t) = ¢, (t)CE, (t

pe (t) = q(t) + markugf

Mo (t+0) = Y |E,0) + LU, )]+ @M 1 (1) + @M o (1)

M upP (t +1) = ¢22M upP (t) + ¢12M AT (t) + ¢32M LO (t)

M o(t+1) = ¢g3M o (1) + ¢3Mp(t)

F(t) =rllogM ur (/M £ |- log(2)} + Ot

Tt+) =T +0{Ft+)-AT() - o,[T(O) - T O]
1

=17 T +6,,T0)?)

List of variables:

W = welfare

U = instantaneous utility

C = consumption

C = per-capita consumption
L = population

R = discount factor

Q = production
Q=damage

A = productivity or technology index
K = capital stock

CE = carbon energy

p° = cost of carbon energy
| = fixed investment

E = carbon emissions
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Mar = atmospheric C&concentrations

LU = land-use carbon emissions

Muyp = upper oceans/biosphere C&dncentrations
M_o = lower oceans C{xoncentrations

F = radiative forcing

T = temperature level

g = costs of extraction of industrial emissions

List of parameters:

a, y = parameters of production function

& = rate of depreciation of capital stock

{ = exogenous technical change effect of energy oned@ssions (carbon intensity)

@1, G, @1, Bo B3 G2, @3 = parameters of the carbon transition matrix

n = increase in radiative forcing due to doubling>dd, concentrations from pre-industrial levels
01, 0, = temperature dynamics parameters

A = climate sensitivity parameter

markug = regional energy services markup

6, 8,= parameters of the damage function

M K'T = pre-industrial atmospheric G@oncentrations

O = increase in radiative forcing over pre-industiezels due to exogenous anthropogenic causes

p© = discount rate
T.o = lower ocean temperature
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Table 1: Summary of the Four Short Term Policy Scearios

2010

2020

from 2020 onwards

Scenario 1: “Business-as-usual”

Annex Bys

business-as-usual

business-as-usual

business-as-us

u.S.

business-as-usual

business-as-usual

business-as-us

Developing countries

business-as-usual

business-as-usua

business-as-us

Scenario 2:; “Kyoto F

orever without US”

Annex Bys Kyoto target: -5.2% 2010 level 2010 level

U.S. -18% intensity target business-as-usual bastas-usual

Developing countries business-as-usual busine siszed- business-as-usual
Scenario 3: “2020 Global Target”

Annex Bys Kyoto target: -5.2% 2010 level 2010 level

U.S. -18% intensity target -10% 2020 level

Developing countries business-as-usual busine siszed- -10%

Scenario 4: “2020 Gl

obal Cap on Emissions”

Annex Bys

business-as-usual

business-as-usual

u.S.

business-as-usual

business-as-usual

Developing countries

business-as-usual

business-as-usual

2000 emissions

Table 2: Summary of the Long Term Target Scenarios

Constraint Level
500
Aggregate Atmospheric Concentrations of CO 550
(ppmv)
650
2,3°
Atmospheric Temperature (degrees C above pre=—5 go
industrial) i
30
Radiative Forcing (watts per square meter) 45
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Table 3: Summary of the Turning Points for
Emissions under Alternative Scenarios

Turning point World
Scenario 1 Above 2105
Scenario 2 Above 2105
Scenario 3 2105
Scenario 4 2025
550 ppmv 2075
4.5 watt/m2 2055

25deg C 2015
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