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Abstract

The SterfNordhaus controversy has polarized the widely disparate beliefs
about what to do in order to tackle the climate challenge. In order to explain
differences in results and policy recommendations, comments following ke pu
cation of the Stern Review have mainly focused on the role played by theudisc
rate. A closer look at the actual drivers of the controversy revealeber that
Stern and Nordhaus also disagree on two other parameters: techmoigadgs on
abatement costs and the climate sensitivity. This paper aims at apprasired-th
ative impacts of such key drivers of the controversy on the socialafasarbon
and climate policy recommendations. To this end, we use the flexible as=@ss
model RESPONSE which allows us to compare very diverse worldviiewisid-
ing Stern and Nordhaus’ones within the same modelling framework apctimea
relative impacts of beliefs on the three key drivers of the controvésthermore
we appraise quantitatively, by means of a linear statistical model, the impacts
results of an extended set of core parameters of RESPONSE. Wetkabthe-
liefs on long term economic growth, technical progress, the form of lineate
damage function and the climate sensitivity outweigh the impact of pure tiefie pr
erence on results. Hence, we can qualify the role played by the disciarnih the
SterriNordhaus controversy and more broadly in the definition of climate policies
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1 Introduction

There is now a consensus among climate economists to cormdickate change
as a global externality that must be compensated for to szasonomic optimality.
Hence, basic public economics wisdom requires some niitigafforts @3@7).
The issue gets controversial however when we try to ansveefwiinen” and “how
much” questions. In a nutshell, the dynamic puzzle arisimoghfa long-standing de-
bate originated in the early 1990s, is about whether we shact strongly now or
gradually and later. Those two polar climate policies cdiddeferred to as tHe Stéern
(2006) INordhaus[(2008) controversy. While Stern promotes shary ehatement
as a precautionary measure to prevent potential futurstcapdic damage, Nordhaus
argues that it is more economically sound to postpone akmtdtorts (following
a so-called “policy-ramp”) and tolerate higher potentighate risks given that those
risks would be better borne by supposedly richer future gaimas than relatively poor
present ones.

Fine tuning of mitigation forts over time directly derives from the appraisal of
society’s willingness to pay to tackle the climate issue.thiki an optimal control
framework, such willingness to pay should be equal to thaevalf the climate exter-
nality known in the literature as the Social Cost of Carbo@C$ The computation
of the SCC over the next century is a symmetric issue to thmgiraf action as the
higher the SCC the higher the willingness to mitigate clem@tange. Computed along
an optimal path of growth and carbon emission, the SCC isahes\equating at each
date the discounted sum of the marginal cost of abatemehtheétdiscounted sum of
remaining marginal climate damages (Nordhaus, 2011; Eéa&OBIlMS). This
crude optimality rule makes it possible to delineate thiient border of mitigation
efforts.

Similarly to the timing dispute, there is no academic cosserabout the value of
the SCC and published literature provides very wide ranfealoes. Indeed the most
recent Intergovernmental Panel on Climate Change (IPQ@)rtegives a SCC range
of $-3 tCO, to $95_tCO; (IPCC/2007). Toll(2005) gathers 103 estimates and finds
out that the median estimate is ﬁzcoz, the mean $2§tCOz and the 95 percentile
$97 tCO,.

The debate following the Stern Review (Dasglipta, 2007; Newd, 2007; Weitzman,
[2007; Yohe and Tbl, 2007) has reopened the “whew much” controversy and even-
tually exacerbated irreducibleftBrences in results and policy recommendations. This
was due to a heavy focus on the discounting clash between &telr Nordhaus’ ap-
proaches and a surprising disregard for the lessons leftmedthe 1990s in the so-
called “when” flexibility controversy about the roles of itia, uncertainty| (Ambrosi et &l.,
[2003{Ha-Duon ., 1997; Manne and RicHels, 1992),ensiility/Chichilnisky and H
(1993) Kolstal(1996); Ulph and Ulph (1997); Ha-Dubhg (@p®indyck (2000), and
learning (Goulder and Mathai, 2000). The alarmist resutsél by Stern would be
mainly driven by the unusual low pure time preferencd%0) retained in his model,
while a more conventional rate (2%) would have given smadtNerdhaus-like” re-
sults. Indeed, in a deterministic framework, it is easy targout how the rate of pure
time preference may critically impact models’ results dsaiiances the relative value
of future damage (that will mostly arise after 2050) agaprsisent costs of emission
reductions. Then the higher the discount rate the lower teggmt value of discounted
future damage. This insightful dispute has raised fundaah@rtergenerational ethical
guestions, while ruling out other critical drivers of thentmversy such as beliefs on




climate damage, climate sensitiviffuture economic growth, and abatement costs.

Building on the emblematic Stefdordhaus controversy, we disentangle the drivers
of the controversy in order to explain the reasons for suctewlferences in SCC and
climate policy recommendations. We argue that Stern andliars do not only dra-
matically disagree on the pure time preference to pick, lsa an two other critical
parameters: climate sensitivity and the evolution of abet® costs. The calibration
of those parameters basically rests on “beliefs” because tils no decisive argument
to pick one value rather than another, and eventually thierasibn results from an
irreducible subjective choice within reasonable rangesided by most advanced re-
search. The combination of beliefs on these parameterdittes what we call a
“worldview”.

This paper aims at appraising the relative impact on resdltsose three beliefs
and qualifying the impact of pure time preferene. To carrytbis analysis we use
RESPONSE|(Ambrosi et al.. 2003;_Perrissin-Fabert et aD9PWhich has the same
basic modelling structure as DICE (Nordhaus’ model) and BAGtern’s model) and
thus makes it possible to compare Stern and Nordaus’ weshdviwithin a unique
consistent framework. In this analysis, the discount ratad longer the keystone
variable we have to agree on for implementing any climatécpollt is only a key
variable among a broader set of at least three structuraipeters including the climate
sensitivity and the technical progress on abatement dcRESPONSE allows us to map
the relative impacts of beliefs on this three key parametaraddition to this graphical
disentangling of the controversy, we use a linear stagistitodel (find ref) to appraise
guantitatively the relative impacts of core parameters BERONSE over time, such
as the growth rate the forms of both the climate damage anémleat cost functions
in addition to the three key drivers of the St@\ibrdhaus controversy.

In section 1 we present the controversy within the framevadrRESPONSE. In
section 2 we draw a mapping of the St®ardhaus controversy that decomposes
graphically the impacts of discounting, abatement costs @dimate sensitivity on
abatement and SCC trajectories. We run in section 3 a corapsate sensitivity anal-
ysis on these three beliefs to get a significant number ofes@s) We apply to the grid
of results an econometric analysis that makes it possibpgdeide quantitative esti-
mates of the relative impacts on SCC and abatement levédie gidtrameters that make
up a worldview. This allows us to show that beliefs on purectipneference do mat-
ter though their impact is often less important than bel@fsechnological progress,
the climate sensitivity or long term economic growth. Weodbelieve that our ap-
proch could provide the climate debate with a useful traregaramework to better
understand the impact of modelling choices on the SCC anwhtdi policy recommen-
dations.

2 The Stern/Nordhaus Controversy: Beyond the Dis-
counting Clash

2.1 A comparison of Stern and Nordhaus modelling frameworks

We examine in this section theftirences between DICM@O%) and
PAGE [Stern, 2006; Hopk, 2006).

1The climate sensitivity is the temperature increase implied 8gubling of preindustrial level of Cq
concentration.




DICE and PAGE have very close modelling frameworks. Theybaté dynamic
integrated assessment models that couple a macroecongiitabgrowth modél
with a simple climatic model. Carbon emissions are considliexs a fatal product of
the production. They are responsible for temperature asa@eand thus for climate
damage. As climate damage negates part of the productiempptimization process
consists in allocating the optimal share of the output anmmmgsumption, abatement
and investment, in order to maximize an intertemporal $oiiéty function composed
of the consumption of a composite good

They both use an isoelastic social utility functio© = % with C the consump-
tion of a composite good, andthe elasticity of marginal utility which is set at 2 in
DICE and 1 (leading t&JC = logC) in PAGE

They both account for a one-shot decision process and doxaatiee sequential
decision-making

Stern and Nordhaus share a similar belief about long termao@ growth § =
1.3% per year over the next century)

The most striking dference between Stern and Nordhaus’ worldviews lies in the
choice of the rate of pure time preference. Based on the Resieemula, the discount
rater writes: r = p + a.g, with p the rate of pure time preferenagthe rate of long
term economic growth, and the elasticity of the marginal utility of consumption.
Nordhaus advocates a positive approach to determamal suggests = 1.5% in order
to match an observed value of discount (or interest) rate. H4(15 + 2 x 1.3 =
4.1). Conversely, Stern makes the case for a normative getfithe rate of pure-time
preference. He argues followihg Ranisey (1928)] Sen (1%dlpw (2008) that the
only legitimate argument for placing less value on thetytdif future generations is the
possible extinction of mankind in the future. Then, thed%ﬂ/? should be interpreted
as a rough estimate of the probability of extinction of maakmakinge = 0.1% the
most sound choice

Although Stern and Nordhaus consider the same ranges @fs/phovided in IPCC
reports to calibrate key parameters such as climate sétysitind the evolution of
mitigation costs, they dier in the choice of the value of the parameter within those
ranges. Regarding climate sensitivity they both refer @ ridinge [15°C - 45°C]
given in mmﬂ. While Nordhaus integrates in DICE theamvalue of 3 °C,
Stern deals with a so-called “high climate scenario (Stern Review Part || Box 6.2
p.156) in order to explore possible consequences of anmpdifyatural feedbacks that
would rise climate sensitivity up to the range42C - 54 °C] (Murphy et al.| 2004).
Instead of integrating a mean value into the model, he runSEPAvith the whole
spectrum of values and then computes the 5 and 95 perceasil@sll as a mean case
to exhibit estimates of climate damages for inst4nce

Regarding the evolution of mitigation costs, Nordhaus heslger pessimistic be-
lief as he defines a backstop price (BK) at moﬂtCOZ in 2005 which barely de-
creases down to $95ACO, in 2100. Conversely, Stern has a rather optimistic belief
on technological progress. He does not set explicitly a &tagkprice but estimates that
mean cost of mitigation will dramatically decrease from $6CO, (for an abatement
level of 7.5%) in 2015 to $2§tC02 in 2050 (for an abatement level of 75%). His cost

2much like Ramsey-Cass-Koopmans' models (Rahisey] 1928; Koopli@6] Cass. 1966).

SIndeed withp = 0.1%, the probability of human race surviving 100 years is 0,9@le it turns out to
be only 0.223 withp = 1.5% which looks, by far, too pessismistic

4The calculation of these estimates are based on a probafiditsibution over the range of climate
sensitivity which gives a greater weight to high values ohelte sensitivity, with a 20% chance that climate
sensitivity could be greater than 5 °C, in comparison to ugt@bability distributions




Table 1: Differences and similarities in Stern’s and Nordhaus’ models

Nordhaus Stern

Type of model IAMs based on an intertemporal optimal growtitel

Utility function UC = $—, withe = 2in DICE, e = 1 in PAGE

Decision frame- One-shot decision

work

Economic g=13%

Growth

Climate dynam- Simplified carbon and temperature dynamics

cis

Discount rate p=15%leadingtany =p+ p = 0.1% leading tors =
a.g=41% 1.4%

Abatementcost BK = $1, 200 _tCO;, in  Average cost of mitigation:
2005,BK = $950 tCO; in  from $61 tCO, in 2015 to
2100 $22 L1COin 2050

Cimate sensitiv- 3°C as the mean value ofHigh+ climate scenario

ity [1.5°C-45°C] [2.4°C - 54°C] with a fat

tail probability distribution
Damage (1% - 5%J of GDP loss for a additional estimates includ-

4°C increase Ing non market Impacts.

estimates are mostly based on technological bottom upestudi

Regarding climate damage, Stern and Nordhaus use a quitarsjjmadratic dam-
age function as for a given level of increase in temperatBAGE and DICE give
close estimate of damage amounting to few percentage pafif@®P (between 1%
and 5% of GDP loss for a 4 °C increase). In addition to thesdristieeam ” damage
estimates, Stern also provides more original estimatdading non market impacts
which roughly double climate damage.

While the controversy mostly focused on the discountingassiit appears as the
most obvious line of division between the two approaches, dbmparison of Stern
and Nordhaus’ worldviews suggests thaffeliences of beliefs on climate sensitivity
and abatement costs may also have an impact on results. RESP@llows us to
disentangle and map those impacts.

2.2 Anintroduction to RESPONSE

RESPONSE belongs to the same type of IAMs as DICE and PAGEdbas an
intertemporal optimization of a growth model coupled witblinatic model.
The intertemporal maximization program betwégen 2010 andr (with T = 2200)
simply writes:
T 1 G
V=maxP N\——u — ,
ALCt tﬁ, 1 +pot T N
whereu. is the standard logarithmic utility functiofV; is the population at, which
is assumed to grow at an exogenous ratas the consumption of a composite good at
t, A, is the abatement of emissionst@ndp is the rate of pure time preference.



This program is solved under a set of constraints
The capital dynamics writes:

Kirr = 1= 0Kt + YKy, Lt = Gt — CaA — Db 4,

whereK; is the capital at, ¢ is the parameter of capital depreciatidg,is an ex-
ogenous factor of labor (adjusted with exogenous techpitajress) that enteisthe
traditional Cobb-Douglas function of productiddy,, the abatement cost function, and
D the quadratic damage function. Total amount of emissioaseatentA; lies in the
range[0 -E], with E; the level of emissions which simply write&; = oYK, L, ot
being the carbon intensity of production.

The abatement co§t; depends on abatemeft

1 4
CaA = [pe=" Al + BK—(%Etl ’

The abatement cost is thus a sum of a linear function and arpgowetion (with
v = 4). The ratey of technical progress in abatement technologies is exagenat
t = to, £ is the marginal cost of abatement when abatement isGii# = 0 = £), BK
stands for the price of backstop technology, which is, bynitén, the marginal cost
of abatement when abatement amounts to emis&p(S,A;, = E;, = BK).

The quadratic damage function D writes,

Dér, K¢ = x62YKy, Ly,

whereg; stands for the increase in temperature in comparison togustrial temper-
ature, andgy the curvature of the quadratic function.
The model also incorporates the linear three-reservoiranoficarbon cycle by

Nordhaus|(Nordhaus and Boyer, 2003) and a temperature mesehbling Schneider
and Thompson’s two-box model (Schneider and Thompson))i88he same fashion
as (Ambrosi et &l., 2003; Nordhaus, 2008). At each step, ¢éeatpre is a function of
previous temperature and carbon stocks, and carbon stoeKarections of previous
carbon stock and emissions after abatemEpt-(A)°.

2.3 The Stern/Nordhaus controver sy reframed by RESPONSE

Our analysis of the dlierences between DICE and PAGE has pointed out that three
main beliefs distinguish Stern and Nordhaus’ worldviews tate of pure-time pref-
erence, abatement costs and climate sensitivity. We now Bbw we integrate their
differences in beliefs in RESPONSE:

Pure-time preferencerate The discount rate amounts tol46 in Nordhaus’ setting
and 14% in Stern’s one. As RESPONSE uses a logarithmic utilitycfiom, the
elasticity of the marginal utility of consumption is set td¢ak in PAGE) instead
of 2 as in DICE. Then to recover the same overall discount aatén DICE
we are obliged to inflate the parameter of pure time preferemcto 28. This
operation is justified d@%é 08) asserts thamnaltiee calibrations of
consumption elasticity and pure time preference are alicagdong as they lead
to the same real interest rate (or discount rate).

5For a full description of the climate dynamics, see workinggragired



Abatement costs Nordhaus specification of abatment cost are readily put Rie
SPONSE. As suggested [n (NordHdus. 2008) we chBEs® be $1200_tCO;
in 2005 and a annual rate of technical progresy ef 0.0025% over t%e next
century in order to reach a backstop cost of $98DO, in 2100. We choose
= $OﬂtC02 as abatement function in DICE is a power function which da#s n
integrate any linear part. For the Stern-like setting ofdhatement function, we
decide to take the same backstop piigi€ = $1, ZOOﬂtCOZ in 2005 and cali-
brate the other parametensdnd/) of the function so that they fit with Stern’s
belief on mean cost of mitigation in 2050. Mean cb&E writes:

y—1
G 1 l+ BK—gA‘ E.

M = = t
CA A 1+yth v

As A is a fraction ofE;, we can replacé with ak;, with athe level of abatement
expressed as a fraction of emission (ae. 0—1). This leads to:

C ]

av—l

. .

1
MCA{:1+—7{_t0§+BK—(

Then we solve a system of two unknowns two equations give) ditaording
to Stern mean cost of abatement decreases froqmz in 2015 for an abat-
mement level &) of 7.5 percent to $22tCO, in 2050 for an abatement level of
75 percent, and eventually get the annual rate of technicgiressy = 0.0522
and the linear cost = $1OlﬂtC02 in 2005.

Climate sensitivity We choose a climate sensitivity of 3 °C for Nordhaus as heexpl
itly retains this value in DICE. For Stern, we use the “hilmange of climate
sensitivity [24 °C - 54 °C] to determine his climate sensitivity. The only infor-
mation we have about the probability distribution over thisge is that the mode
is 35 °C and there is a 20% chance that climate sensitivity coellgrbater than
5°C. We then set Stern’s climate sensitivity at 4 °C. Thigedénce in climate
sensitivity leads to higher temperature increase for timeeskevel of emission
so that with the same BAU emission scenario climate damageahmost 4% of
total wealth in 2100 in the Stern’s approach while it amouot25% of GDP in
DICE.

To account for the StefNordhaus controversy, we thus calibrate RESPONSE with
two sets of beliefs as described in Table 2.

3 Mapping the Relative Impacts of Key Drivers of the
Controversy

As Stern and Nordhaus mainly disagree on three parametech wan take two
values each, we run RESPONSE with eight) possible sets of parameters. Inside
the space defined by the two polar Sf&tordhaus worldviews there are thus six other
scenarios corresponding to a mix of Stern and Nordhausefsedin the discount rate,
climate sensitivity, and abatement costs.

To recognize the underlying beliefs of a given worldview vedide the graphical
code presented in tallé 3.



Table 2: The three variables accounting for Stern and Nordhaukerdinces in worldviews

Nordhaus Stern

Pure time prefer- p = 2.8% p=01%

ence

Abatement cost BK = $1,200 ﬂtCOz with BK = $L200ﬂtCOZ with

in 2005 low rate of decreasey( = high rate of decreasey(=
0.25% per year) and no 5.22% per year) and an
initial marginal cost{ = initial marginal cost/ =
$0_tCO, $101 tCO,

Climate sensitiv- 3°C 4°C

ity

Table 3: Graphical code used in figure 1

oore low climate sensitivity
A A high climate sensitivity
@OrA highp

oora low p

-0-and - fast technical progress
O and A without line slow technical progress

3.1 Analysisof abatement and SCC trajectories

We first present in figuriel 1 trajectories of abatement and S@€thbe period 2010
- 2130. The two charts on the left side of the figure only corai&tern and Nordhaus’
results while the two charts on the right side compare thiet@gridviews at the same
time.

Stern and Nordhaus’ abatement profile$etiradically. While Stern’s optimal path
consists in decarbonizing the economy in a very short periéd years between 2020
and 2070, Nordaus’ results are much smoother with abateeffent starting in 2010
at 16 percent and then slightly increasing till 2130 up tcb3%ercent. Extending the
comparison to the six other worldviews makes it possibledimtpout the impact of
beliefs on abatement profile. Starting from the Stern prafileappens that increasing
the rate of pure time preference afwdt reducing the value of the climate sensitivity
does not change qualitatively the form of the abatement. p&thll decarbonization
is still reached in a short period of fifty years, while theywenoment of mitigation
efforts take-df is postponed so that abatement only starts in 2050 for iostamen
pure time preference is high and climate sensitivity is |oihe trend of abatement
changes dramatically however when beliefs on abatemetd sht from the Stern’s
setting of the abatement cost function to the Nordhaus’'dnéeed, in all cases with
a low rate of technical progress mitigatiofiaets start since 2010 and keep increasing
gradually over time. Pure time preference and climate seitgimostly impact the
initial level of abatemefit

5The higher the climate sensitivity the higher the initialdevConversely, the higher the rate of pure time
preference, the lower the initial level of abatement
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Figure 1: Abatement and SCC trajectories from 2010 to 2130 for Stern and Nasdbaly

first and then for the six other possible worldviews resulting from a coation of Stern and
Nordhaus’ beliefs. Empty circles with no line stand for Nordhaus trajestoFull triangles with
lines stand in turn for the time profile of the Stern’s optimal position.

Regarding SCC trajectories, the interpretation of Norgheasults is quite straight-
forward. The SCC follows an increasing trend in relatively Iranges of values from
$5ﬂtC02 in 2010 up to $146 ﬁtCOz in 2130 which directly result from the smooth
trend of the mitigation path. In the Stern case however th€ 86es not follow the
same path as mitigatiorferts. By 2020, as abatemeri@ts have not yet started then
the SCC is only driven by the linear castvhich equals $10%tCOz in 2005 and de-
creases at the annual rate- 5.2%. The SCC in this period can be interpreted as the
willingness to pay for R&D #orts in mitigation technologies preceding the launching
of the low-carbon transition of the economy. Hence the SCsE fiecreases between
2010 and 2020 from $8§tCOZ to $50ﬂtCOz. Then it starts increasing when abate-
ment dforts begins and keeps increasing strongly during the den&dtion period
from $50ﬂtCOz to $67ﬂtCOz. When abatement reaches 100 percent then the SCC
equals the price of the backstop technology at that momehstants decreasing fol-
lowing the rate of technological progress on mitigationtso#s for the other hybrid
worldviews, we notice the saméfect as in the abatement profiles: mitigation costs
impact qualitatively the form of the trajectory, while punme preference and climate
sensitivity impact the level of the SCC around the two strtadttrajectories resulting
from the two polar beliefs on mitigation costs.

3.2 Thecontroversy in the abatement/SCC space

In figure[2 we plot the results in a two-dimensional space \atihtement on the
x axis and the SCC on the y axis. Any point in this space stamda position in the
climate debate (expressed in terms of SCC and level of aleai@rtaken at thirteen
consecutive dates (from 2010 to 2130), for a given worldview

The striking result that arise from figuré 2 is that the distowate alone cannot
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Figure 2: Mapping of the Stern-Nordhaus controversy structured around thiesrs: the rate
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be made responsible for the wholdéfdience between Stern and Nordhaus viewpoints.
Indeed a Nordhaus run with a Stern-like discount rate yieddsilts with higher SCC
(from 36 to $95ﬂtC02) and more abatement (from 31 to 48%) than the pure Nordhaus’
one (respectively from 5 to $18 LICO, and from 16% to 2%%). In this case, the
SCC even gets higher than Stern’s results from 2060 on, vidilgls of abatement
are quickly overtaken by Stern’s level of abatement. Syicedty, the change of pure
time preference in the Stern’s run has a significant impacéesults as the SCC lowers
dramatically down to the range [$}217ﬂtCOZ] during the decarbonization period
(from 2050 to 2090) and abatement takis postponed to 2050. Yet, this change of
pure time preference is notfiicient to recover Nordhaus’ results.

Hence, other beliefs on abatement costs and climate s&tysitie clearly not neg-
ligible and must be considered to explaiffeiences in results. Starting fom the Nord-
haus’ case, it is possible by construction to recover Staasults by changing in turn
Nordhaus’ beliefs till recovering Stern’s set of beliefslatce versa. Running Nord-
haus worldview with high climate sensitivity slightly ireases results both in terms
of SCC and abatement. The combination of low discount ankl égsitivity leads to
much higher results (full triangles with no lines) that eqdexceeding Stern’s results
in terms of SCC from 2060 on while abatement increases slangends up at a lower
level than in the Stern run. Then changing abatement codtesiigpossible to recover
Stern’s time profile.

Note that for any given worldview, change in the rate of textbgical progress on
abatement costs has a weaker impact on the SCC — which reimahmes same order
of magnitude — than on the timing of abatement. With low rdteechnical progress,
abatement levels never exceed 55% by 2130, while with hitg aitechnological
progress abatement always ends up at 100% by 2100. In tuafsbeh the climate
sensitivity has both an impact on abatement and the SCC.

To sum up, the mapping of results displayed in fiddre 2 inddbat the discount
rate has a significant impact on results though it is not abéxplain the whole gap of
results. This is undoubtedly due to the interplay of othdiefeon climate sensitivity
and abatement costs. It appears that beliefs on the ratereftipue preference and
climate sensitivity have both an impact on the SCC and thel lefvabatement, while
beliefs on the rate of decrease of abatement costs impaettmotiming of abatement
than the level of SCC. These results allow us to qualify the ptayed by the discount
rate in the SterfNordhaus controversy. In next section we go beyond thishicab
rationale and use a linear econometric model to measurespective impact of beliefs
on the key drivers of the SCC and mitigatiofficets.

4 Disentangling the Relative Impact of Key Drivers of
the Controversy: a Quantitative Analysis

A comprehensive sensitivity analysis on six key parametERESPONSE (taking
five values each in ranges summarized in table 4) allows ud tgofa grid of results
with 15625 scenarios. The grid is built so that each sceregmears on a single row
where the values of both the SCC and abatement are given foorisecutive dates
from 2010 to 2130. Each date appears twice in the columnseofjtid. Hence, the
wole set of scenarios can be considered as a single crassrset scenarios and is
suitable to a sound statistical analysis which will allont@appraise quantitatively the
respective impact of core parameters of RESPONSE on the 8@&kbatement.
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Table 4: Sensitivity analysis over 6 key parameters of RESPONSE

Growth rate 1% -2.1%
Pure time preference 0.1% - 2.8%
Climate sensitivity 2°C-6°C

Climate damage (curva- 0.00116 - 0.00452
ture parameter)

Linear cost 0-229
Annual rate of technical 0.0025 - 0.05220
progress

Here, we describe step by step the methodology. We first aiiregression equa-
tions for the two variables of interest, namely the SCC arateabent, with both or-
dinary least squares (OLS) and corrected heteroskedgsimneralized least-squares
(GLS) estimators. Regression equations are composed @xpbanatory variables,
namely the rate of pure time preference, the rate of techprogress on abatement
cost, climate sensitivity, the rate of long term growth, #melforms of both the climate
damage and abatement cost functions.

The regression equations expressions at each date arextbnsy:

SCC = constant+4;discount+8,costrate+sslincost+£4sensibT +8sgr owth+8gsensibD,
and
Abat = constant+a di scount+a,costrate+aslincost+a,sensibT +asgrowth+agsensibD,

with discount the rate of pure time preferenaastratethe rate of technical progress,
sensibT the climate sensitivitylincost the linear part of the abatement cost function,
growth the rate of economic growtlsensibD the form of climate damage, amg and
Bi the regression cdicients.

The linear form of the models is satisfactory because tharfidsery high for such
large cross-sections. Figuré 3 shows thatd@mputed at each date are comprised
beteween (b4 and 091 for bothAbat andSCC. These rather unusually high levels of
fit suggest a very good adjustment of the linear models. Noteker that the values
of the R is not constant over time. In the case of abatment thésRirst quite low
(0.54) in 2010, then culminates in 2070 at 0.91 and envegtsiayhtly decreases down
to 0.79 in 20130. Regarding the SCC, the profile of tRésRroughly inverse: it first
decreases from.91 in 2010 (0.91) to 6 in 2050 and then stabilizes betweeb &nd
0.6.

Codficient standard errors which were computed by the delta rdeme,
lﬂi) are very small. Then t-stats are highly significant@gerof them yield results
below several terfs Still, residuals show some uncorrected heterogeneityaibiiges
us to interpret them cautiously. It seems that the resida@stfected by very large
outliers which were not corrected in the present resultsaaylbe the principal source
of heterogeneity in the models.

Second we derive from each estimatedfioenta; andg; at each date the corre-
sponding mean point elasticity andy; according to the following formula:

“t-stats are considered as significant as they yield resdiges?
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whereX is the means of the 6 explanatory variablg$, @ndSCC andAbat then means

of the explained variables, i.e. the SCC and the abatemesaichtdate.

These elasticities at each point in time allow us to apprhisevolution of the re-
spective impact of the six explanatory variables on the S@tlae level of abatement.
Elasticities results should be read that way: an elastiity0.27 of the parameter
discount in 2040 for instance means that a one percent increase ddtinefrpure time
preference in 2040 implies-0.27 percent decrease in the SCC in 2040. All compu-
tations were performed in the GRETL econometrics softw@ittell and Lucchetti,
2011).
For all of these results, given that the GLS estimator is isbest, standard errors
of the elasticities are too small to be reported. Hence aultgare highly significant
at the usual levels and we only plot the elasticities thevesel

Time profiles of the elasticities over the period 2010 - 21&0motted in figureEl4
and®.

Restricting the analysis to the three key drivers of the Steordhaus controversy
(namely pure time preference, technical progress and ®isensitivity), we note that

8As the same analysis performed on a reduced statistical molyet@mposed of the three variables that
distinguish Stern and Nordhaus yielded the same patterrasfigties profiles and did not alter either the
sign nor the ranking of the respective impact of variablesesuilits we only present the complete statistical
model
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Figure 4: The chart represents the evolution over the period 2010 - 2030 of pwéanelastici-
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technical progress has opposite impacts on the SCC andwdattedriving up abate-
ment and driving down the SCC while pure time preference dindate sensitivity
have respectivily negative and positive impacts on bottati@ement and the SCC.

Over the period 2010 - 2130 the three variables have a grawipgct on abatement
that peak in 2040 for pure time preference and climate seitgiind in 2070 for
technical progress. From 2060 the impact of technical gsgybecomes preponderant
as the impacts of both climate sensitivity and pure timegyesfce decrease steadily
till 2130. Note that from 2050 on the impacts of both techhpragress and climate
sensitivity outweigh the impact of pure time preference.

Regarding the impacts on the SCC, fi@hient pattern comes up in figlre 5. While
the impacts of climate sensitivity and pure time preferatisplay a similar trend as in
the abatement case, with a peak in respectively 2070 and gf8thical progress has
a growing impact over time which ends up close to an elagtidit-1.

In both cases, the striking result is that the impact of pune fpreference is most
of the time weaker than the impacts of technological prageewl climate sensitivity
and tends to decrease with time. Those results clearly nmhakesase for qualifying
the actual role of the discounting issue in the Stdandhaus controversy.

Eventually, extending the analysis to other core param@feRESPONSE, it turns
out that the rate of long term economic growth and the formhefdlimate damage
function have major impacts of the same order of magnituddimsite sensitivity and
pure time preference. Note that the elasticity of economasvth even becomes the
second more important one in the long run. Elaticitie§mdost (the linear part of the
abatement cost function) displays dfelient pattern as it decreases steadily over time
and tends to zero in both cases thanks to technological gssgr

This extended analysis brings an additional argument tdifyalae impact of the
discounting clash on fferences in modelling results and climate policy recommenda
tions.

5 Toward a Transparent Modelling Framework to Ne-
gotiate Climate Policies

Disentangling the StefNordaus controversy requires to go beyond the discounting
clash that has been heavily commented. RESPONSE makessibjgoto map the
relative impact of other key drivers of the controversy sastechnical progress and
climate sensitivity. Then a statistical analysis cleaHpws that the rate of pure time
preference has a significant impact on results though lepsriant over time than
other beliefs on technical progress, climate sensitititg, rate of long term economic
growth and climate damages.

Hence, if a Social Cost of Carbon were to be negotiated amouagtdes, the take-
away message of this analysis for decision-makers woultldighiey should not focus
too much on the setting of the discount rate which is only amesdof the results. In-
stead, a more comprehensive analysis of each componerd wiottidviews expressed
in the debate would better reveal the stumbling blocks obtiations or conversely
indicate the possible ways toward an agreement.
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