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Summary

The Stern/Nordhaus controversy has polarized the widely disparate beliefs about what to
do in order to tackle the climate challenge. To explain differences in results and policy
recommendations, comments following the publication of the Stern Review have mainly
focused on the role played by the discount rate. A closer look at the actual drivers of the
controversy reveals however that Stern and Nordhaus also disagree on two other
parameters: technical progress on abatement costs and the climate sensitivity. This paper
aims at appraising the relative impacts of such key drivers of the controversy on the social
cost of carbon and climate policy recommendations. To this end, we use the flexible
integrated assessment model RESPONSE which allows us to compare very diverse
worldviews, including Stern and Nordhaus’ ones within the same modelling framework and
map the relative impacts of beliefs on the three key drivers of the controversy. Furthermore
we appraise quantitatively, by means of a linear statistical model, the impacts on results of
an extended set of core parameters of RESPONSE. We show that beliefs on long term
economic growth, technical progress, the form of the climate damage function and the
climate sensitivity have an impact as important as beliefs on pure time preference. Hence,
we can qualify the role played by the discount rate in the Stern/Nordhaus controversy and
more broadly in the definition of climate policies.
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Abstract

The SteryNordhaus controversy has polarized the widely disparate beliefs
about what to do in order to tackle the climate challenge. To expldiardnces
in results and policy recommendations, comments following the publicatitreof
Stern Review have mainly focused on the role played by the discount Aate.
closer look at the actual drivers of the controversy reveals hovibaeiStern and
Nordhaus also disagree on two other parameters: technical pragredatement
costs and the climate sensitivity. This paper aims at appraising the relapeetsn
of such key drivers of the controversy on the social cost of cadrahclimate
policy recommendations. To this end, we use the flexible integrated ass®ss
model RESPONSE which allows us to compare very diverse worldviewtsid-
ing Stern and Nordhaus’ones within the same modelling framework apctmea
relative impacts of beliefs on the three key drivers of the contrové&sgthermore
we appraise quantitatively, by means of a linear statistical model, the impacts
results of an extended set of core parameters of RESPONSE. Wetshidveliefs
on long term economic growth, technical progress, the form of the clideatege
function and the climate sensitivity have an impact as important as beligfgren
time preference. Hence, we can qualify the role played by the discatenirrthe
SterniNordhaus 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)Nordhaus((2008) controversy. While Stern promotes shaty ebatement as
a precautionary measure to prevent potential future cafatsit damage, Nordhaus ar-
gues that it is more economically sound to postpone abateefiemts (following a
so-called “policy-ramp”) and tolerate higher climate ggkven that those risks would
be better borne by supposedly richer future generations ithlatively poor present
ones.

Fine tuning of mitigation forts over time directly derives from the appraisal of
society’s willingness and ability to tackle the climateuies Within an optimal control
framework, such a quality should depend on the value of theaté externality known
in the literature as the Social Cost of Carbon (SCC). The ecaatjpn of the SCC over
the next century is a symmetric issue to the timing of clinpatiécies. Along an optimal
path of growth and carbon emission reduction, the SCC is aheevequating at each
date the discounted sum of the marginal abatement costshégttiscounted sum of
remaining marginal climate damagwhmmmulo_d&. This
optimality rule makes it possible to delineate ttiotent border of mitigation f€orts.

Similarly to the timing dispute, there is no academic cosssrabout the value of
the SCC and published literature provides a very wide rafgaloes. Indeed the most
recent Intergovernmental Panel on Climate Change (IPQ&)rtgjives a SCC range
of $- 3/tCO, to $95/tCO, (IPCC.[2007)[ ToI[(2005) gathers 103 estimates and finds
out that the median estimate is #€0,, the mean $2%CO, 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 &ter Nordhaus’ ap-
proaches and a surprising disregard for the lessons ledmmedthe 1990s in the so-
called “when” flexibility controversy about the roles of itia, uncertainty on the opti-
mal emission target (Ambrosi etlal., 2003; Ha-Duong ef 8971 Manne and Richels,
(1992), irreversibilityl(Chichilnisky and Heal, 1993; Keasl| 1996; Ulph and Ulph, 1997;
Ha-Duong| 1998; Pindytk, 2000), learning and technicahgedGoulder and Mathai,
). The alarmist results found by Stern would be mainilyedrby the unusual low
pure time preference (0%) retained in his model, while a more conventional rate)(2%
would have given smoother “Nordhaus-like” results. Indeed deterministic frame-
work, it is easy to figure out how the rate of pure time prefeesmay critically impact
models’ results as it balances the relative value of futaraabe (that will mostly arise
after 2050) against present costs of emission reductiolnen the higher the discount
rate the lower the present value of discounted future damabis insightful dispute
has raised fundamental intergenerational ethical questioowever ruling out other
critical drivers of the controversy such as beliefs on ctendamage, climate sensitiv-




ity!, long term economic growth, and abatement costs. We foctiésipaper on this
forgotten drivers.

Building on the emblematic Steffdordhaus controversy, we disentangle the drivers
of the controversy in order to explain the reasons for suatevdiferences in SCC
and climate policy recommendations. We argue that Sterr\emmdhaus do not only
dramatically disagree on the pure time preference to pigkalso on two other key
parameters, namely the climate sensitivity and the evaiutif abatement costs. The
calibration of those parameters basically rests on “b&lieécause there is no decisive
argument to pick one value rather than another. Eventuad\calibration results from
an irreducible subjective choice within reasonable ramgesided by most advanced
research. The combination of beliefs on these parametetitdes what we call a
“worldview”.

This paper aims at appraising the relative impact on resilthose beliefs and
qualifying the impact of pure time preference on climateigges. To carry out this
analysis we use RESPONSE (Ambrosi et al., 2003; Perrissiresf et all, 2012) which
has the same basic modelling structure as DICE (Nordhaudéthand PAGE (Stern’s
model) and thus makes it possible to compare Stern and Nerdaudviews within a
unique consistent framework. We show that the rate of pure preference has a sig-
nificant impact on the SCC but cannot alone account fibeinces in climate policies
recommendations. Itis only a key parameter among a broatlef parameters includ-
ing the climate sensitivity and the technical progress aterhent costs. RESPONSE
allows us to map the relative impacts of beliefs on these leegpeters. In addition
to this graphical disentangling of the controversy, we ffe\a quantitative appraisal
of the relative impacts of core parameters of RESPONSE aver, such as the rate of
long term economic growth, the forms of both the climate dgenand abatement cost
functions, and the three key drivers of the Sthierdhaus controversy. To do so, we
carry out a broad sensitivity analysis over those core patars that make up a world-
view. Then we apply to the grid of results a linear statisticadel in order to compute
mean elasticities over time, and therefore the relativeaittgy of critical parameters.

In section 1 we present the controversy within the framevadrRESPONSE. In
section 2 we draw a mapping of the Sttardhaus controversy that decomposes the
impacts of discounting, abatement costs and climate $étysi@n abatement and SCC
trajectories. We present in section 3 the results of the @oetric analysis which
makes it possible to rank the core parameters of RESPONS¥dhieg to their relative
impacts on the SCC and abatement levels. This allows us v #at beliefs on
pure time preference do matter although beliefs on teclgnmabprogress, the climate
sensitivity or long term economic growth are also very intaot. We also believe that
our approach could provide the climate debate with a usedfakparent framework to
better understand the impact of modelling choices on thesassl SCC and climate
policy recommendations.

2 Accounting for The Stern/Nor dhaus Controver sy

2.1 A comparison of Stern and Nordhaus modelling frameworks

We examine in this section theffirences between DICIEMI&I@OOS) and
PAGE (Stem! 2006; Hope, 2006).

1The climate sensitivity is the temperature increase implied bpubling of preindustrial level of GO
concentration.




DICE and PAGE have very close modelling frameworks. Theybaté dynamic
integrated assessment models that couple a macroecongiitabgrowth modél
with a simple climate model. Carbon emissions are consit&sen inevitable product
of the production. They are responsible for a concentratiorease in the atmosphere
and thus for climate damage. As climate damage negativghadts part of the pro-
duction, the optimization process consists in allocatirggdptimal share of the output
among consumption, abatement and investment, in orderxomizze an intertemporal
social utility function composed of the consumption of a pmsite good.

They both use an isoelastic social utility functioi{C) = % with C the con-
sumption of the composite good, amdhe elasticity of marginal utility which is set at
2in DICE and 1 (leading t&J (C) = log(C)) in PAGE.

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

Stern and Nordhaus share a same belief about long term e@oigoowth (@ =
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 + ag, with p the rate of pure time preferenagthe rate of long term
economic growth, ana the elasticity of the marginal utility of consumption. Nbeailis
advocates a positive approach to determiiraad suggests = 1.5% in order to match
an observed value of interest rate o1% (15 + 2 x 1.3 = 4.1). Conversely, Stern
makes the case for a normative setting of the rate of pure-tiraference. He argues
following|Ramsey!(1928); Skh (1961); Soldw (1974) that thiy tegitimate argument
for placing less value on the utility of future generatioaghe possible extinction of
mankind in the future. Then, the rati@jT)t should be interpreted as a rough estimate

of the probability of extinction of mankind making= 0.1% the most sound choite

Although Stern and Nordhaus consider the same ranges @fs/phovided in IPCC
reports to calibrate key parameters such as climate sgtysiind 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 ® rdinge [15°C ; 45°C]
given in @@7). While Nordhaus integrates in DICE theamvalue of 3°C,
Stern deals with a so-called “high climate scenariol (Ster, 2006, p.156, Box 6.2)
in order to explore possible consequences of amplifyingrahfeedbacks 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 runs PAGE wi¢hvthole spectrum of
values and then computes the 5 and 95 percentiles of clireatgtwity estimates as
well as the mean case to exhibit estimates of climate danfagesstancé.

Nordhaus has a rather pessimistic belief on the evolutiomitgation costs. He
defines for instance a backstop pri@K(° at $1,200/tCO, in 2005 which barely de-
creases down to $936C0, 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 $&10, (for an abatement

2such as Ramsey-Cass-Koopmans’ models (Rarmsey, [1928: KoopraaasChasd. 1966).

SIndeed withp = 0.1%, the expectation of a human race surviving 100 years issQwbile it turns out
to be only 0.223 with = 1.5% which looks, by far, too pessismistic

4The computation of these estimates are based on a probaliitipdtion 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 the “higtcase), in comparison to a normal distribution.

5The backstop price is the price of the technology that makgssisible to abate one hundred percent of
CO, emissions




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 U(C) = =, with @ = 2in DICE, @ = 1 in PAGE
Decision One-shot decision
framework
Economic growth g=13%
Climate Simplified carbon and temperature dynamics
dynamics

Discount rate p=15%leadingtan=p+ p = 0.1% leading tors =
a.g=4.1% 1.4%
Abatement cost BK = $1,200/tCO,in 2005, Average cost of mitigation:
BK = $950/tCO, in 2100 from $61/tCO;, in 2015 to
$22/tCO, in 2050

Climate 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%] of GDP loss for a additional estimates includ-
4°C increase ing non market impacts.

level of 7.5% of the baseline scenario) in 2015 to #220, in 2050 (for an abate-
ment level of 75% of the baseline scenario). His cost esémate mostly based on
technological bottom up studies.

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 thesdristi@eam” damage
estimates, Stern also provides more original estimatdadimg 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 growth model coupled with areite modé.
The intertemporal maximization program betwéga 2010 andrl (with T = 2200)

6A comprehensive description of RESPONSE is provided_in_(Dusba#,[2012) httpfwww.centre-
cired.ffIMG/pdf/CIREDWP-201241.pdf



simply writes:

V—maxiN 1 (Ct) 2.1)
CACE "(1+p)- N N .
whereu(.) is the standard logarithmic utility functio; is the population at,
which is assumed to grow at an exogenous 1@tés the consumption of a composite
good att, A is the abatement of emissiong andp is the rate of pure time preference.
This program is solved under a set of constraints.
The capital dynamics writes:

Kt+1: (1—6)Kt+Y(Kt, Lt)—Ct—Ca(Aq) — D(Qt), (22)

whereK; is the capital at, ¢ is the parameter of capital depreciation (equal to 3% per
year),L is an exogenous factor of labor (adjusted with exogenousteal progress)
that entersy the traditional Cobb-Douglas function of productidy, the abatement
cost function g, the increase in temperature in comparison to preindlisénapera-
ture, andD the quadratic damage function.

Total amount of emissions abatemdyties in the range[0 E], with E; the level
of potential emissions which simply writes:

Et = ovY(Ke L), (2.3)

o is the carbon intensity of production.
The abatement co§t; depends on abatemeft

1

A
T (A k-0 %), @4

Ca(At) =
The abatement cost is thus a sum of a linear function and argangtion (withy = 4).
The ratey of technical progress in abatement technologies is exagenktt = tg, £
is the marginal cost of first abatemer®/ (A, = 0) = . BK stands for the price
of backstop technology, which is, by definition, the margcwst of abatement when
abatement amounts to emissidfs C, (A, = Et,) = BK.
The quadratic damage function D writes,

D (6 Ki) = x02Y (Ky, L), (2.5)

wherey stands for the curvature of the quadratic function.
The model also incorporates the linear three-reservoiraoficarbon cycle by

Nordhaus|(Nordhaus and Boyer, 2003) and a temperature mes#ghbling Schneider
and Thompson’s two-box model (Schneider and Thompson))i88he same fashion
as (Ambrosi et al., 2003; Nordhaus, 2008). At each step, ¢éeatpre is a function of
previous temperature and carbon stocks, and carbon stoeKaractions of previous
carbon stock and emissions after abatemept(A;).

We use the software GAMS to solve this maximizing programamdpute optimal
paths of abatement and optimal trajectories of SCC. We d#im&CC in the same
fashion as inm@%) as “the additional damagsethby an additional ton
of carbon emissions. In a dynamic framework, it is the disted value of the change
in the utility of consumption denominated in terms of cutreansumption”. To get
the value of this SCC we use the shadow prices associate@ 0@ concentration
dynamic and the capital dynamic which are directly compbieGAMS.




2.3 The Stern/Nordhaus controver sy reframed by RESPONSE

Our analysis of the dierences between DICE and PAGE has pointed out that three
main beliefs distinguish Stern and Nordhaus’ worldviewse tate of pure-time pref-
erence, abatement costs and climate sensitivity. We now kb 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 (with the growth rate equal t8% in both cases). As
RESPONSE uses a logarithmic utility function, the elastiaf the marginal
utility of consumption is 1 (as in PAGE) instead of 2 as in DIQmen to recover
the same overall discount rate as in DICE we are obliged tatenthe parameter
of pure time preference up to& This operation is justified 008)
asserts that alternative calibrations of consumptiortielgsand pure time pref-
erence are allowed as long as they lead to the same realsintate.

Abatement costs Nordhaus specification of abatement cost are readily patRiE-
SPONSE. As suggested [n (NordHdus, 2008) we chBésto be $1200/tCO,
in 2005 and an annual rate of technical progresg 6f0.0025% over the next
century in order to reach a backstop cost of $88D, in 2100. We choose
¢ = $0/tCO; as abatement function in DICE is a power function which dass n
integrate any linear part. For the Stern-like setting ofahatement function, we
decide to take the same backstop pBte = $1, 200/tCO, in 2005 and calibrate
the other parameters @nd/() of the function so that they fit with Stern’s belief
on mean cost of mitigation in 2050. Mean c®4C writes:

y—1
MC(At):Ca(At): ! (§+(BK—§)A‘V E;V). (2.6)

A (Ley)to

As abatemen#\ is a fraction of potential emissiors, we can replacéy with
a:E;, with & the relative level of abatement expressed as a fraction teihpial
emissions (i.ea € [0, 1]). This leads to:

v—1
MC(A) = (1+—;)”0(§+(BK—§)av )

Then we solve a system of two unknowns and two equations gianaccord-
ing to Stern mean cost of abatement decreases fronit&&% in 2015 for an
abatement level) of 7.5 percent to $2ACO, in 2050 for an abatement level of
75 percent, and eventually get the annual rate of technicgrpssy = 0.0522
and the linear cogt = $101/tCO, 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 “hiliange of climate
sensitivity [24 °C - 54 °C] to determine his climate sensitivity. The only infor-
mation we have about the probability distribution over tiisge is that the mode
is 3.5°C and there is a 20% chance that climate sensitivity coelgrbater than
5°C. We then set Stern’s climate sensitivity at 4°C. Thisedence in climate
sensitivity leads to higher temperature increase for timeeskevel of emission
so that with the same BAU emission scenario climate damagetmost 4% of
total wealth in 2100 in the Stern’s approach while it amowat&5% of GDP in
DICE.



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

Nordhaus Stern

Pure time p=28% p=01%

preference

Abatement cost BK = $1,200/tCO, with BK = $1200/tCO, 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 costZ = initial marginal cost =
$0/tCO, $101/tCO;,

Climate 3°C 4°C

sensitivity

To account for the StefNordhaus controversy, we thus calibrate RESPONSE with
two sets of beliefs as described in Tale 2. Note that thequerfs not to exactly repro-
duce Stern’s and Nordhaus’ results but instead to appraikewva common modelling
framework the relative impact on results of those two emblgcyworldviews.

3 Mapping the Relative Impacts of Key Drivers of the
Controversy

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

To recognize the underlying beliefs of a given worldview vediie the graphical
code presented in Tall¢ 3.

Table 3: Graphical code used in Figuré 1

circle (©core) low climate sensitivity
triangle (& or &) high climate sensitivity
filled (@ora) highp

empty ©ora) low p

line (-o-or-a-) fast technical progress
no line ©ora) slow technical progress

7In fact, the calibratior& la Stern gives results that fits quite well with Stern’s reowendations in
terms of SCC and abatement, while the calibraida Nordhaus tends to underestimate by a factor of two
Nordhaus’s recommendations.
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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 without line stand for Nordhaus trajesgoFull triangles with
line stand in turn for the time profile of the Stern’s optimal position.

3.1 Analysisof abatement and SCC trajectories

Figurell compares trajectories of abatement and SCC oveetied 2010 - 2130.
The two charts on the left side of the figure only compare SdechNordhaus’ world-
views plugged into RESPONSE while the two charts on the gid¢ compare eight
worldviews.

Stern and Nordhaus’ abatement profile@eadiradically. While Stern’s optimal path
consists in decarbonizing the economy in a very short peria® years between 2020
and 2070, Nordhaus’ results are much smoother with abategffert 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 a@mdreducing the value of the climate sensitivity
does not qualitatively change the form of the abatement. pktill decarbonization
is still reached in a short period of fifty years, while theyweroment of mitigation
efforts take-@ is postponed so that abatement only starts in 2050 for iostamen
pure time preference is high and climate sensitivity is IoWhe trend of abatement
changes dramatically however when beliefs on abatemeid sbit from the Stern’s
setting of the abatement cost function to the Nordhaus'dnéeed, in all cases with
a low rate of technical progress mitigatioficets start since 2010 and keep increasing
gradually over time. Pure time preference and climate Seitgiimpact the initial
level of abatemefit

Regarding the SCC, all trajectories are steadily incregasirhe interpretation of
Nordhaus’ results is quite straightforward. The SCC folaan increasing trend in

8The higher the climate sensitivity the higher the initialdevConversely, the higher the rate of pure time
preference, the lower the initial level of abatement

10



relatively low ranges of values from $8C0, in 2010 up to $14 /tCO;, in 2130 which
directly results from the smooth trend of the mitigationrpdh the Stern case the SCC
increases at a higher rate from $460, in 2010 up to $103tCO, in 2130. The steady
growth during the decarbonization period from 2020 to 2@7driven by the evolution
of the marginal abatement cost. When full abatement is rei¢the SCC is no longer
driven by the marginal damage caused by incremental €&flssions. As for the other
intermediate worldviews, we notice that mitigation coseslmot impact the form of
the trajectory while pure time preference and climate siitgiimpact the level of the
SCC. The higher the rate of pure time preference the loweStD€, the higher the
climate sensitivity the higher the SCC.

3.2 Reframing the controver sy in the abatement/SCC space

The striking results that arise from figurk 1 is that techipcagress on abatement
costs has a critical impact on abatement paths while theofgtere time preference
significantly impacts the SCC, although both parameteraaaaone account for the
whole diference between Stern and Nordhaus worldviews.

With low rate of technical progress, abatement levels nexeeed 55% by 2130,
while, with high rate of technological progress, abatenabnwtys ends up at 100% by
2100. In turn, beliefs on the climate sensitivity have battimpact on abatement and
the SCC.

A Nordhaus run with a Stern-like discount rate (filled ciecleith no line) yields at
first glance quite similar levels of SCC as in the Stern ruon(fi36 to $95tCO,). We
argue however that these respective Stern and Nordhaus $8hot be confused as
they result from totally dierent levels of abatement. In the Nordhaus case abatement
barely reaches half of the emissions in 2130, while in therStase full abatement is
reached since 2050. Symmetrically, the change of pure tii@nce in the Stern
run has a significant impact on results as the SCC lowers dieatip down to the
range [$7- 20/tCO,] while the abatement trajectory does not change qualditias
mitigation take-d is only postponed to 2050 and reaches 100 percent in 209@. Thi
suggests that comparing levels of SCC alone, and theredtes of pure time pref-
erence, is not policy relevant as similar SCC or rates of piune preference can be
related to very dferent mitigation trajectories. Then beliefs on abatemestscand
climate sensitivity must also be considered to comparelteefiom different world-
views. Starting from the Nordhaus’ case for instance, itissible by construction to
recover Stern’s results by changing in turn Nordhaus’ feti# recovering Stern’s set
of beliefs andvice versa. Running Nordhaus’ worldview with high climate sensityvit
slightly increases results both in terms of SCC and abateriiée combination of low
discount and high sensitivity leads to much higher resélist(iangles with no lines)
that exceed Stern’s results in terms of SCC while abatemergases slower and ends
up at a much lower level than in the Stern’s run. Then changi@miement costs makes
it possible to recover Stern’s time profile.

To sum up, these results allow us to qualify the role playedhigydiscount rate
in the SterfiNordhaus controversy as only a broader set of beliefs musbbsidered
to account for dierences in worldviews and thus in climate policies reconuaégan.

In the next section we go beyond this graphical rationalelessgda linear econometric
model to measure the respective impact of beliefs on the kiggrd of the SCC and
mitigation eforts.
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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 scerapeears on a single row
where the values of both the SCC and abatement are given fooris=cutive dates
from 2010 to 2130. Hence, the whole set of scenarios can b&idened as a single
cross-section of scenarios and is suitable to a soundtitaktisnalysis which will allow
us to quantitatively appraise the respective impact of parameters of RESPONSE
on the SCC and abatement.

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 (curvature0.00116 - 0.00452
parametey)

Linear cost {) $0/tCO; - $229/tCO,
Annual rate of technical 0.25% - 5.22%
progressy)

Here, we describe step by step the methodology. We first aiiregression equa-
tions for the two variables of interest, namely the SCC arateabhent, 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, #meliforms of both the climate
damage and abatement cost functions.

The regression equations expressions at each date arextbndy:

SCCt = ot + pup + Baty + Batd + Pard + Pstd + Poixs

and
Abat; = agr + a1 + axy + azd + g + a5 g+ aery,

with a; andg; the regression cdicients.

The linear form of the models is satisfactory because tharf@wery high for such
large cross-sections. Figug 2 shows thatd@mputed at each date are comprised
between (b4 and 090 for bothAbat andSCC. These rather unusually high levels of
fit suggest a very good adjustment of the linear models. Noiekier that the values of
the R is not constant over time. In the case of abatement thetdrts from its lowest
level (0.54) in 2010, then culminates in 2070 @®and eventually slightly decreases
down to 078 in 2130. Regarding the SCC, thé R rather constant till 2050 around
0.7, and then on decreases down B58in 2130.

Results show that the six parameters are important and ginesson coficients
a; andg; are significantly non null.

Codficient standard errors which were computed by the delta rde@e,
) are very small. Then t-stats are highly significant@serof them yield results
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Figure2: The chart represents the evolution over the period 2010 - 2030 oftherRputed for
both Abat andSCC

below several ten$.Still, residuals show some uncorrected heterogeneityabliges
us to interpret them cautiously. It seems that the residar@sdfected by very large
outliers which were not corrected in the present resultsaal be the principal source
of heterogeneity in the models.
Second we derive from each estimatedfiiornta; andg; at each date the corre-
[%%ding mean point elasticity andy; according to the following formulne,
):

77| :al—SCC»
and _
L, X

V=P

where; is the mean of the explanatory variabeandSCC andAbat the mean of the
explained variables, i.e. the SCC and the abatement at eaef.d

These elasticities at each point in time allow us to apprhisevolution of the re-
spective impact of the six explanatory variables on the Stlae level of abatement.
Elasticities’ results should be read that way: an elagtafit-0.68 of the parametgrin
2040 for instance means that a one percent increase of thefrptire time preference
in 2040 implies a-0.68 percent decrease in the SCC in 2040. All computations were

performed in the GRETL econometrics software (Cottrell ndchetfi] 2011).

9t-stats are considered as significant as they yield resbitgea?

1ONote that the use of a log-linear model would have made it pssibdirectly interpret regression
codiicients as elasticities. However, as some of the scenariesnjiwalues for abatement levels at the
beginning of the period, the log-linear form was not suiablindeed it would have obliged us to remove
those undefined values from the grid and therefore to loseast information.
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Figure 3: The chart represents the evolution over the period 2010 - 2130 of pwéanelastici-
ties of abatement

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 - 2189motted in Figures
B and?.

Restricting! the analysis to the three key drivers of the Steprdhaus contro-
versy (namely pure time preference, technical progresscinthte sensitivity), we
note that technical progress has opposite impacts on thea®@@batement, driving
up abatement and driving slightly down the SCC while purestpneference and cli-
mate sensitivity have respectively negative and positiyeaicts on both the abatement
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, &elient pattern comes up in Figlife 4. Elas-
ticities curves are flat (except for the rate of long term eeoic growth) which means
that elasticities are constant over time. Technical psg@ abatement cost has a
much lower impact (with an elasticity 6f0.07) on the SCC than on abatement. As in
the abatement case, climate sensitivity and pure time y@rdée have opposite impact,

HAs the same analysis performed on a reduced statistical molyet@amposed 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 variablesasults we only present the complete statistical
model.
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Figure 4: The chart represents the evolution over the period 2010 - 2130 of pwéanelastici-
ties of the SCC

the elasticities of the former (around 1) being greater tharones of the latter (around
-0.7).

In both cases, the striking result is that the impact of i@ pure time preference
is not preponderant and that the impacts of beliefs on tdobiwal progress and cli-
mate sensitivity are also important. Those results claadye the case for qualifying
the actual role of the discounting issue in the Sfdandhaus controversy.

Eventually, extending the analysis to other core pararm@feRESPONSE, it turns
out that the rate of long term economic growth and the formhefdlimate damage
function have significant impacts. Elasticities H{the linear part of the abatement
cost function) however is either close to zero in the SCC,aarsgecreasing over time
and tending to zero in the abatement case (due to technalqgicgress). Note that
the elasticity of economic growtlnhas an increasing profile in the SCC case and ends
up with a very high value of mean elasticity a1

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

Disentangling the StefNordaus controversy requires to go beyond the discount-
ing clash that has been heavily commented. Accurate revigheaalibration of both
DICE and PAGE reveals at least two other major lines of dividhetween Stern and
Nordhaus on the climate sensitivity and technical progeesabatement costs. RE-
SPONSE makes it possible to map the relative impact of these key drivers of the
controversy. While technical progress has a critical impacbptimal abatement path,
pure time preference has a significant impact on the levéi@fSCC. Still, we show
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that similar levels of SCC can be related to verffetient climate policies. This indi-
cates that pure time preference alone cannot account fevhibke gap of results. This
is undoubtedly due to the interplay of the other beliefs tuahpose each worldview.

Then, by means of a statistical analysis over the resultsbobad sensitivity anal-
ysis on the key parameters of RESPONSE, we point out the nlaaticdies of this
key parameters at fierent points in time. Our results clearly suggest that the o&
pure time preference has a significant impact on both abatesne the SCC although
other beliefs on technical progress, climate sensititfitg,rate of long term economic
growth and the form of climate damages also significantlytenat

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