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Abstract

This paper analyses the consequences of environmental myopia on pol-
icy design in a multi-pollutants framework. Focusing on the correlations
between aerosols and greenhouse gases, the paper compares abatement
and stock targets setting for various cases of environmental myopia. Both
cases of lax and stringent regulation, compared to what is socially opti-
mum, may arise. Furthermore, the lax/stringent nature of the policies
may evolve over time, so that the time horizon of policy design matters

in assessing the impact of environmental myopia.



1 Introduction

It is now accepted that atmospheric pollution issues in general, and climate
change in particular, are imputable to a number of interrelated constituents.
Consequently, the need for a comprehensive approach to atmospheric pollution
is increasingly advocated (Reilly and Richards, 1993; Reilly et al., 1999; Aaheim,
1999; Manne and Richels, 2000; Schmieman, Van Ierland, and Hordijk, 2002;
Caplan and Silva, 2005; Yang, 2006; Moslener and Requate, 2007, 2009). Early
studies of atmospheric pollution, if they don’t deny the existence of multiple,
interrelated pollutants, rather assume that they can be treated separately or
aggregated to a single measure of pollution. The most recent theoretical analy-
ses of multi-pollutants situations address the current policy approach to climate
change management : a fixed set of identified contributors® which greenhouse
impacts are compared through static, exogenously defined Global Warming Po-
tentials (GWPs) (Moslener and Requate, 2009; De Cara, Debove, and Jayet,
2006). These studies call into question both the choice of listed constituents?
and the static nature of the “exchange rates”, the GWPs (Moslener and Re-
quate, 2007, 2009; De Cara, Debove, and Jayet, 2006). Indeed, pollutants can
interact both during the production process, with joint emission from a produc-
tion activity and interacting abatement technologies (Caplan and Silva, 2005;
Moslener and Requate, 2007), and once the pollutants are emitted and accumu-
late. Indeed, cases of interacting decay processes or joint impact on damage have
been documented (Moslener and Requate, 2009; Yang, 2006). Consequently,
single-pollutant focused analyses do not fully capture the interactions that de-

velop between pollutants.

Bearing this in mind, the starting point of this paper is the assumption that
policy approaches to atmospheric pollution have typically been based on mis-
specified environmental models, in the sense that they have not captured all the
contributors to the issue, or if they have, that the interactions between the con-
tributors have not been properly described. We refer to these mis-specifications
as cases of environmental myopia : the notion of myopia is not linked to the
time horizon of policy-making but to the specification of the damage function.
The objective of this paper is then to analyse how environmental myopia may
lead policy makers to set sub-optimal pollution targets in a multi-pollutants

setting.

Different cases of interacting pollutants have been described in the scientific

LGreenHouse Gases (GHG) listed under Annex A of the Kyoto Protocol : COz, CHy,
N3O, PFCs, HFC and SFg.
2Some “missing” GHGs have been identified, such as tropospheric ozone.



literature (Reilly and Richards, 1993; Reilly et al., 1999) and a few analysed
in an economic framework (Schmieman, Van Ierland, and Hordijk, 2002; Ca-
plan and Silva, 2005; Barrett, 2008; Smulders, Daiju, and Cruz, 2009). This
paper focuses on the particular example of “carbon” and “sulphur”, as short-
cuts for anthropogenic greenhouse gases (GHGs) and aerosols. GHGs are the
atmospheric constituents identified as responsible for global warming. They
also have detrimental impacts such as oceans’ acidification and other ecological
disruptions. Aerosols, sulphur in particular, are responsible for a number of at-
mospheric pollution issues such as acid rains. Their peculiar contribution to the
regulation of climate is also increasingly put forward : they have a recognised
cooling effect on global temperature. From this property stems the develop-
ment of climatic geoingeneering or “the deliberate modification of the climate by
means other than by changing the atmospheric concentration of GHGs” (Barrett,
2008, p.45). A real-life example was provided by the 1991 eruption of Mount
Pinatubo, in the Philippines, which induced a decrease of the Earth’s surface
temperature of about 0.5°C the following year due to the huge amount of sul-
phur that was injected in the atmosphere during the eruption (Crutzen, 2006).
Some recent works (Barrett, 2008; Smulders, Daiju, and Cruz, 2009) provide the
economics foundation to include geoengineering into the policy debate. In this
paper, we assimilate geoengineering to the reduction of sulphur abatement lev-

els, hence we will not refer to geoengineering per se but to sulphur management.

In a first step, we study a basic model where the only type of interaction consid-
ered between carbon and sulphur is their combined impact on climate change.
We show how not accounting for the cooling impact of sulphur induces a too
stringent sulphur management, be it defined in terms of abatement or stock lev-
els. We also discuss the impact on welfare and emphasise the tradeoff between
the direct effect of sulphur through acidification and its indirect impact on cli-
mate. In a second step, we recognize that, apart from their combined impact on
climate regulation, carbon and sulphur are also linked at the production stage.
Indeed, it has been documented that sulphur abatement technologies are associ-
ated with high levels of GHG emissions (Moslener and Requate, 2007). We show
how, in this modified framework, stationary targets are altered, as compared to
the previous case; indeed, both cases of lax and stringent carbon regulation
may arise. We also put in perspective the importance of the time-horizon of the
policy instrument. Indeed, non monotonic accumulation and abatement pat-
terns may arise in such a context, meaning that a lax instrument, in the short

run, may become too stringent when the time horizon is extended, or vice-versa.

Section 2 presents the model. Section 3 is dedicated to stationary target setting



in the basic case and when a technological interaction is introduced. In Section
4, we illustrate the importance of the policy instrument’s time horizon. Section

5 concludes.

2 The Model

Consider a representative polluter whose production activity generates the joint
emission of two pollutants : carbon (referred to by subscript 1) and sulphur
(subscript 2). Abatement technologies are available for both pollutants and
denoted by a1 (t) and as(t), so that in the basic case the emission functions for
carbon and sulphur are :

e1(t) =1 —ax(t), (1)

() (t) = €y — a2 (t), (2)

where é; and e, are positive, unrestricted emission levels. Polluting emissions

accumulate in distinct stocks, S; and S5, according to the following dynamics :
Sl(t) = el(t) — 5151(t) s with : 51(0) = S?, (3)

Sg(t) = 62(t) — 5252(t) 5 with : SQ(O) = SS, (4)

where 6; and J, are the decay rates of, respectively, carbon and sulphur® . The

abatement cost and damage functions are quadratic and given by* :

Olan (), a2(1) = Gaa (1)’ + (1), (5)
D(S1(1), $5(0) = L8117 + L7 + TS0, 52(0), (6)

where : T(Sl(t), Sg(t)) = tlSl(t) - tQSQ(t).

Equation (6) contains three types of damage. The first two terms on its RHS
capture the direct damage from the accumulation of carbon and sulphur. The
third describes the damage due to climate change, assumed linear (Labriet and
Loulou, 2003) in global temperature T'(S1,S2). The temperature is correlated
positively to the stock of carbon and negatively to the stock of sulphur.

In section 3.3, this basic model is extended to account for the fact that the
emission and abatement technologies of the different pollutants may not be com-
pletely independent (Caplan and Silva, 2005; Moslener and Requate, 2007). Var-

30< 61 <land0< g < 1.
4Parameters c1, c2, di, d2, d3, t1 and t2 are all positive.



ious examples of technological correlations have been documented, among which
joint emission (the burning of fossil fuels leads to the emission of CO2, SO,
ozone, nitrogen oxide, CO, volatile organic compounds and particulate mat-
ters), coarse abatement (absorption technologies simultaneously remove gaseous
pollutants and dust from polluting emissions (Caplan and Silva, 2005)) and sub-
stitute technologies (sulphur abatement technologies reduce sulphur emissions
at the cost of increased carbon emission levels (Moslener and Requate, 2007)).
Besides joint emission, already captured in the basic model, we introduce the
third property of substitute technologies so that the carbon emission function

is modified as follows, with 0 < ao < 1 :
el(t) =€ —ay (t) + Oéag(t). (7)

Equation (7) illustrates the fact that sulphur abatement increases the level of
carbon emissions. Note that this is the only difference between the basic case

and the case with technological correlation.

3 Stationary target setting

This section is devoted to the analysis of stationary target setting : we assess
how environmental myopia may affect sulphur and carbon management strate-
gies, when they consist in setting a regulatory constraint on either the level of
abatement or the level of accumulation that should be respected in the long run
(at the steady state).

3.1 Environmental myopia in the carbon/sulphur context

This model allows studying two cases of environmental myopia that may arise in
a multi-pollutants setting. The first is the focus on one pollutant. Case D cor-
responds to a sulphur focused management : climate regulation is not a policy
matter in this fictitious case. Case C proposes a carbon focused management :
here, the various impacts of sulphur accumulation, in terms of acidification and
climate regulation, are overlooked. The second type of environmental myopia
we analyse in this paper arises when all the pollutants are under management,
but their interactions are not properly described. Here, the cooling impact of

sulphur is not recognised by the regulator (case B).

Table 1 illustrates the programs of the regulators in each of the 4 cases studied
in the paper. Case A refers to the socially optimal program that would be fol-

lowed by a benevolent and fully informed regulator.



Case Control(s)  Objective function to be min. State equation(s)

A ai(t), az(t)  Clai(t),az(t))+ Si(t) = ex(t) — 6151 (¢)
D(S1(t),S2(t), T(S1(t),52(t)))  S2(t) = e2(t) — 0252(t)
B ay(t), az(t)  Clay(t),as(t))+ Sy (t) = ex(t) — 6151 (¢)
D(S1(t), S2(t), T(S1(t))) So(t) = ea(t) — 0252(t)
C a Clar(t),0) + D(Sy(£), T(S1(£))  Si(t) = ex(t) — 6151 (1)
D ag(t) C(O, ag(t)) + D(SQ(t)) Sg(t) = Bg(t) — 5252(t)

Table 1: Cases analysed : social optimum and various environmental myopia.

For each case, we assume that the policy-maker, at the beginning of the time
horizon, decides on an abatement (resp. stock) target that would have to be
respected in the long-run. This target is set equal to the steady state abate-
ment (resp. stock) level obtained from solving his minimization program. The
comparison of the various myopic strategies with the socially optimal solution

leads to the formulation of Propositions 1 and 3.

After studying the basic case where the only correlation captured is the joint
impact on climate regulation (Section 3.2), we introduce the technological cor-

relation (Section 3.3) : this significantly alters the results.

3.2 The basic case : a simple model of carbon/sulphur

interaction

Proposition 1. With damage, cost and accumulation functions as described in
Equations (1)-(6), environmental myopia don’t affect carbon management but

lead to too stringent sulphur management compared to what is socially optimal.

Proof. The analytical expressions of abatement and stock levels are provided
in Appendix 2, and the general derivation method is presented in Appendix 1.

The targets compare as follows :

A _ gB _ qC A _ B _ C
Sloo - Sloo - Sloo and Qoo = Aloo = Qoo (8)
A B D A B D
SQoo > SZoo = SQoo and Q200 < U200 = Q200 (9)



Equations (8) and (9) directly lead to the formulation of Proposition 1. O

What Proposition 1 states is that under the assumptions of the basic model,
myopic management can differ from socially optimal decisions only regarding
sulphur management, which turns out to be too stringent. Indeed, when carbon
altogether, or the cooling impact of sulphur only, are not accounted for, the
beneficial impact that sulphur may have in terms of climate mitigation is not
perceived. Consequently the incentive to abate sulphur is greater than under
the socially optimal management. The consideration of the technological cor-
relation will alter this result (Section 3.3). Carbon management, on the other

hand, is not affected by the types of environmental myopia addressed in the

paper.

Next we compare how myopic and socially optimal strategies differ in terms of
actual welfare, by comparing the actual environmental and abatement costs,
rather than those perceived by the myopic regulator. To do so, we compute the
levels of abatement and stock of the pollutant not under direct management,
sulphur in case C and carbon in case D. No damage being associated to the
pollutant’s emission or accumulation by the policy maker, the resulting level of
abatement is nul, and the steady state stock level easily derived as emissions are
constant and equal to their unrestricted levels. For illustrative purposes, they

compare to the socially optimal levels in the following manner :

Siqoo < SlDoo ’ ajlqoo > a{)oo =0, a12400 > a20c>o =0, (10)
dsts &

4 89 <0 B2 2 (11)
do 0o

Unsurprisingly, a regulator focusing on sulphur induces too much carbon accu-
mulation (Equation (10)). Also, a carbon-focused regulator doesn’t abate for
sulphur. The resulting impact on the stock of sulphur, as compared to the social
optimum, depends on the relative “weight” of the direct and indirect damage
due to sulphur, hence how these effects are accounted for in the social optimum
(Equation (11)). The higher the damage associated to the stock of carbon in
itself, the higher the chance that the myopic stock of sulphur is higher than the

socially optimal one.

Proposition 2. With damage, cost and accumulation functions as described
in Equations (1)-(6), actual welfare levels compare differently depending on the
value of the ratio tads/dsy :

Wp <Wp <We < Wy fOT mr < t2d3/d2, (12)



Wp < W < Wa < We for ma < tads/dy < mq, (13)
(Wp,Wa) < Wi < We for ms < tads/ds < ma, (14)
(Wp,Wy4) < We < Wg for tads/de > ms, (15)
where my1, my and mg are given in the proof.

Proof. Noting W; = — [C(a'ﬁ?,ag?)—&—D( 5 gj)] with j € {4, B,C, D}, we

obtain the following relations :

dst 2
Wa—We>06 22 5m =2 (17)

do d2

dst 2
WA—WB>0@ﬂ>m2:;—2d, (18)

d2 52+?i+2c§r
d3t2 6_21 1

Wp — W, 0 — =1+ ——F7 19
B c > d2 < ms 622<+1+5:+C2Ci252>, ( )

Note that the sign of W4 — Wp is undetermined®. Also, it can be easily verified
that m1 > mo > mg. O

Proposition 2 highlights how the relative values of direct damage and indirect
avoided climate-related damage from sulphur accumulation can induce very dif-
ferent situations in terms of actual welfare. It appears that when the cooling
effect is strong (Equation 12), case A generates the highest actual welfare level.
However, a decrease of the cooling effect compared to the direct sulphur effect
may induce myopic management (cases B and C) to produce higher welfare lev-
els than the socially optimal management. Indeed, both low abatement levels
and reduced stocks increase welfare. For instance, in case C, the level of sulphur

abatement is nul, reducing total costs.

Considering only post-emission interactions, it appears that sulphur manage-
ment strategies are unambiguously too stringent compared to what would be
optimal. Such a statement is in line with studies that point out that past
aerosols emissions have constituted an unrecognised “cooling device” so that
current strategies to mitigate their emissions may lead to an unexpected tem-

perature rise (Andreae, Jobes, and Cox, 2005)°.

5The analytical expression is tedious, hence not presented in the paper for the sake of
clarity.

6 An even stronger statement is that “Incomplete consideration of aerosols in current cli-
matic models have led to underestimation of the true climate sensitivity” (Andreae, Jobes,
and Cox, 2005, p. 1190).



3.3 A model with two types of correlations

This section extends the previous analysis to the case where carbon and sulphur
are linked not only after they have been emitted, but also during the production

stage.

Proposition 3. When the technological correlation is introduced as in Equation
(7), myopic strategies always induce too stringent sulphur management. How-
ever, the nature of the myopia is important in assessing the impact on carbon
management. While in case B, a target setting strategy is always either too
stringent (for abatement) or too lax (for stock), in cases C and D target setting

may be either too lax or too stringent (for both stock and abatement).

Proof. Appendix 3 contains the analytical expressions of steady state abatement

and stock levels, which compare as follows :

B A B A
Sloo > Sloo » Ao > ) (20)
A B D D B A
5200 > SQOO > SQoo ) U200 > 200 > U200+ (21)

Furthermore, the sign of (S — Si% ), which is the same as the sign of (a{, —
aft.), depends on the value of the ratio tods/dy : it is positive for low values of

the ratio and negative for high values (see Appendix 3). O

Impact of climate-related damage misspecification : cases A-B. When
the cooling effect of SO is not accounted for, then, compared to the social op-
timum, too much carbon and too few sulphur are accumulated and both carbon
and sulphur abatement levels are too high. The fact that, at the same time,
carbon abatement and stock levels are higher than in the socially optimal case
can be explained by the role played by the technological correlation : a higher
sulphur abatement level is associated to higher carbon emissions, hence carbon
stock. Indeed, the stronger the correlation, the higher the difference between
steady state carbon stocks. The fact that more carbon is accumulated when the
cooling impact is not accounted for might seem surprising. Indeed one would
expect the sulphur effect to constitute a possibility to accumulate more carbon
because part of its damage is offset by the accumulation of sulphur. However, at
the steady state, the direct effect from the technological correlation dominates
the indirect effect. Note that, in the absence of technological correlation, steady
state carbon stocks are equal (section 3.2). Consequently, a two-stock myopic
policy based on stock targets would be at the same time too lax for carbon

and too stringent for sulphur. Converserly, a myopic policy based on abatement



targets would be too stringent for both pollutants, due to the technological cor-

relation.

Impact of focusing on one stock : cases A-C or D. The impact of having
the decision maker focusing on sulphur management only is non ambiguous : the
abatement level is higher, and the resulting stock lower, than what is socially
optimal. Not accounting for carbon has a double impact on sulphur manage-
ment : first, a greater incentive to abate, because the accumulation of sulphur
is not perceived as having a cooling impact on climate, and, second, a lower in-
centive to avoid abating because abatement has no perceived impact on carbon
emission. Consequently, sulphur is more abated when focus is on this pollutant
only, assuming, of course, that damage are evaluated at the same level in all
cases. When a decision maker focuses on carbon management only, the result-
ing impact on target setting depends on the value of the ratio tods/ds. For
relatively low values of the ratio, which indicate that the direct effect of sulphur
via acidification dominates the indirect climate effect, carbon management is
too lax (regarding stock) and too stringent (regarding abatement). Conversely,
when the indirect effect dominates the direct impact, stock targets are too high,

and abatement targets too low, compared to the socially optimal solution.

To sum up, while both types of environmental myopia induce too stringent sul-
phur management, their impact on carbon management depends on the type of
myopia and on the relative importance of the direct and indirect environmental
impacts of sulphur. Furthermore, both types of myopia affect carbon abatement
and stock accumulation in opposite ways, so that in the same situation a myopic
regulator would be labelled as too stringent regarding stock target setting and

too lax for abatement targets.

When the high energy consuming characteristic of sulphur is accounted for, and
expressed as an indirect impact of sulphur abatement on carbon emission levels,
myopic sulphur management remains unambiguously too stringent compared to
what is socially optimal. Then, if we accept that the actual current situation
is that of the climate-related impact of sulphur not being recognised in climate
mitigation strategies, then it appears that long term abatement targets of both

carbon and sulphur are too stringent.

10



4 Short term targets : impact of the time hori-

zon of the policy

The analyses conducted in Section 3 concerned the setting of targets in the
long run. However, atmospheric pollution management strategies are designed
within the political time framework, on a shorter term, so that the assumption
of stationary targets may appear too strong. Consequently, in this section, we
address the setting of abatement and pollution stock targets along the whole
time horizon, and in particular on the short term. Our analysis shows that
there are various sets of conditions under which the relative positions of the
myopic and optimal accumulation paths evolve over time. In other words, a
myopic management may be too lax (stringent) on the short term, and become
too stringent (lax) on the longer term. For illustrative purposes, the remainder

of the paper is devoted to carbon stock targets.

4.1 Non standard carbon accumulation paths

Previous studies have shown that in a setting with multiple pollutants, non-
standard accumulation patterns could arise (Moslener and Requate, 2007, 2009;
Baumgértner, Jost, and Winkler, 2009) in contrast with the single pollutant
setting, where accumulation paths are typically monotonous. This difference in
accumulation patterns proves to be conducive, under certain conditions, to an
evolution of the relative position of the stock targets, under myopic and socially
optimal management, over time. For the sake of illustration, we focus on carbon,
by comparing the polar cases of optimal (case A) and “totally” myopic (case C)

management’ .

Proposition 4. The carbon accumulation path may exhibit the following prop-

erties in case A (K, p1 and pa are defined in the proof) :
AifK < Z—;, then S1(t) is monotonous and exhibits a unique curvature,
B if % < K < 1, then S1(t) is monotonous and ezxhibits an inflection point,
C if K > 1, then Si(t) is non monotonous.

Proof. Refer to Appendix 4 for the demonstration. K is defined as follows :

_ P2 ASS /AST — pis,/pis,
P AS;/ASiA - p252/p251

"Note that the application to sulphur stock targets is straightforward. Concerning the
setting of emission, or abatement, targets, the methodology is the same, but one has to
account for the fact that the initial levels are not given, hence not necessarily equal for cases
A and C, even if the initial stock levels are equal.

>1, (22)

11



with AS; = Sieec — Si(0), p1 and po the negative eigenvalues that guide the
accumulation paths (with |pa| > |p1] hence po is labelled as the fast eigenvalue
and p; the slow one) and pis; are the components of the associated eigenvectors
(see Appendix 4). O

Equation (22) shows that the value of K depends on 3 ratios :

e po/p1 : this ratio is necessarily positive, as the chosen eigenvalues are
negative to comply with the transversality condition. A high ratio may
result from either a high |ps| or a low |p1|, indicating that the slope of the
curve is steeper in the short run (where the fast eigenvalue plays a greater

role) than in the long run (where the slow eigenvalue matters more);

® pis,/pis,, = {1,2} : these ratios compare how each eigenvalue affects the
accumulation paths of sulphur and carbon in the short run (i = 2) and in
the long run (¢ = 1). In particular, for ¢ = 1 the sign of this ratio informs
of whether the accumulation paths approach their respective steady states
both from below or above (p;s,/pis, > 0) or one from above and one from
below (pis,/pis, <0);

e AS$/AS{ : the sign of this ratio depends on the relative values of the
steady state carbon and sulphur stocks compared to their respective initial
levels. In particular, when carbon and sulphur are symmetric with respect
to the location of the steady state compared to the initial level, then the
ratio is positive. Furthermore, this ratio increases, in absolute value, with
a high |ASy| and a low |AS;|. Consequently, the behavior of carbon

accumulation depends explicitely on the stock of sulphur.

The first two ratios are independant of the initial conditions. Consequently,
with the same set of parameters, the relative position of the initial carbon and

sulphur stocks may induce the carbon stock path to be of very different nature.

4.2 TIllustrative examples of a change of the relative posi-

tion of the myopic and optimal carbon paths

In this section, we analyse two cases where myopic target strategies change of
nature (too lax/stringent compared to the social optimum) over time. Results 1
and 2 sum up theses cases. Result 3 illustrates a situation where, if the nature
of the policy doesn’t change over time, the discrepancy between targets evolves

greatly over timeS.

8 Appendix 5 contains the demonstrations of Results 1 -3.

12



This section isn’t aimed at being exhaustive. Rather, we point out some situa-
tions of interest that may lead to very different conclusions regarding the impact

of environmental myopia, depending on the time scale in use.

The myopic and socially optimal carbon stock paths can be expressed as follows :

Sl(t)c = Clcrlslerlt (23)
2
Sl (t)A = Z inisl epit (24)
i=1

Result 1. If the initial stock of carbon is lower than both myopic and optimal
stationary levels, the following conditions are sufficient to induce too stringent

short term targets and too lax stationary targets :

P <K <1,Cipipis, >0 and Copapas, <0,

P2
under the assumption that |pa| > |p1].

[Figure 1 about here]

The context illustrated in Result 1 is that of initial carbon and sulphur stocks
below both optimal and myopic steady state levels. Under the conditions stated
in Result 1, both carbon paths are increasing over time, though the initially low
level of sulphur emissions induces a lower initial speed of accumulation in the
optimal case. Hence, on the short run, a myopic regulator may be assessed as
too stringent compared to a benevolent regulator. However, as the stock of sul-
phur increases, the socially optimal level of carbon emissions tends to increase.
Consequently, on the long run, myopic carbon stock targets become too strin-
gent. This is illustrated in Figure 1, which was obtained for parameters’ values
described in Appendix 6, in particular for an initial stock of sulphur below its

steady state value.

Result 2. If the initial stock of carbon is at an intermediary level between the
myopic and optimal stationary levels, the following conditions are sufficient to

induce too lax short term targets and too stringent stationary targets :
K >1 and Cip1p1s, + Capapas, < Clcﬁﬁsl <0,

under the assumption that |pa| > |p1].

[Figure 2 about here]
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Result 2 describes a situation where the initial stock of carbon lies between the
optimal and myopic steady state levels. Consequently, the myopic carbon stock
decreases over time and, under some conditions on the initial stocks, the so-
cially optimal carbon stock may exhibit a non monotonic accumulation pattern.
Figure 2 illustrates a case where the initial sulphur stock is also intermediary
(see Appendix 6). We observe that during a first phase, the socially optimal
stock path decreases, due to a strong increase of the level of carbon abatement,
followed by a strong increase of energy-consuming sulphur abatement. Myopic
stock targets are too lax. The effect is then reversed and the myopic target
become too stringent as the optimal carbon stock reaches a strongly increasing
phase while the myopic path continues decreasing. Hence, the myopic strategy

will be assessed as too stringent on the short run and too lax on the long run.

Result 3. If the initial stock of carbon is above both myopic and optimal station-
ary levels, the following conditions induce the type of pattern shown in Figure
3, mamely targets increasingly stringent over time after a short period where

myopic and optimal paths are quite close :
K>1, Olp1p151 —|—02p2p231 <0 and 0107"17"151 <0,

under the assumption that |p2| > |p1].

[Figure 3 about here]

To complete the analysis, Result 3 addresses the case of an initial stock of carbon
located above both stationary levels. Figure 3 provides an illustration where the
initial stock of sulphur is below the steady states levels. Once again, the myopic
carbon stock is decreasing; while the socially optimal carbon stock increases
after a short decreasing period. This is due to the fact that sulphur abatement
levels increase at the expense of higher carbon emissions. Consequently, if the
myopic strategy is always too lax, the extent to which it exceeds the socially

optimal strategy varies over time.

5 Concluding remarks

In this paper we propose a framework to analyse carbon and sulphur manage-
ment in a multi-pollutants setting. We allow for the pollutants to interact both
during the production process, to illustrate the links between sulphur abatement
technologies and carbon emissions, and after the production process, to capture
the joint impact that carbon and sulphur have on global temperature, hence

climate change.
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Our analysis of the basic model, where the combined impact on climate change
is the only type of interaction considered between carbon and sulphur, shows
how not accounting for the cooling impact of sulphur induces a too stringent
sulphur management, be it defined in terms of abatement or stock levels. We
also discuss the impact on welfare and emphasise the tradeoff between the di-
rect effect of sulphur through acidification and its indirect impact on climate.
When a more realistic model is used, that recognizes that apart from their com-
bined impact on climate regulation carbon and sulphur are also linked during
the production process, stationary targets are altered, as compared to the pre-
vious case. Indeed, both cases of lax and stringent carbon regulation may arise.
We also put in perspective the importance of the time-horizon of the policy
instrument. Non monotonic accumulation and abatement patterns may arise
in a multi-pollutants context, meaning that a lax instrument, in the short run,

may become too stringent when the time horizon is extended (or vice-versa).

From our analysis, it appears that whatever the type of environmental my-
opia defined in this paper, sulphur management is too stringent because its
cooling impact on climate is not recognised. The importance of aerosols in
the mitigation of climate change is now recognised, to such an extent that some
authors expect that the increasingly stringent aerosols mitigation strategies cur-
rently implemented may have the “unexpected” impact of contributing to global
warming by decreasing the cooling impact of sulphur (Andreae, Jobes, and Cox,
2005). We also put in perspective that two parameters are crucial in the as-
sessment of how myopic management compares to socially optimal decisions :
the initial stock levels of both carbon and sulphur, in particular their positions
compared to the stationary levels, and the time frame considered. Indeed, we
illustrate that due to the non standard accumulation patterns that may arise in
a multi-stocks setting, the nature of myopic targets (lax/stringent) may evolve
over time. The questions of where we currently stand in terms of aerosols and

GHG accumulation and the definition of “optimal” levels, are still debated.

We chose not to discuss the origin of the environmental myopia analysed in
the paper, and rather take them as given in order to assess how they could
affect a certain type of policy making. The particular type of policy we focus
on is the setting of regulatory constraints, expressed in terms of abatement or
stock levels, no to be exceeded at various time scales (steady state and shorter
term). This one-time policy strategy allows us to disregard issues relating to the
time-consistency of the instrument. At least two explanations to the recourse

to environmental myopia by policy-makers could be provided in this context.
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First, the lack of scientific knowledge that leads the policy-maker to make use
of restrictive models of the environment. In this case, the model could be ex-
tended to allow for more refined models of scientific uncertainty, for instance
encompassing the notion of ambiguity. Second, the recourse to restricted envi-
ronmental models could result from a strategic decision-making process. Cap-
turing this notion would necessitate an extension of the model to at least two
players and maybe the introduction of a regional aspect to the depiction of the
environmental issues, aspect which is absent from this present model. Despite
its necessarily simplifying assumptions, we believe that this model puts in per-
spective important consequences that past atmospheric pollution management
may have had, and perhaps more importantly those that future strategies may
have if the interactions between atmospheric pollutants are not accounted for

in a more comprehensive manner.

Appendix 1 : Saddle point property of the steady

state in a two stocks model

The saddle point property of the steady state is shown in the social optimum
case and applies to the more restrictive case B. A benevolent regulator has the

following program :

+oo
min / e [Clar (), a(t)) + DSy (), Sa(0), T(S1 (1), Sa(t))] dt, (P.A.)

a1 (t),a2(t) Ji=o
s.t. Sl(t) =€) — al(t) + Oéag(t) — 6151(t>,
and Sy (t) = &y — a(t) — 6255(t).

The time subscript is dropped in the remainder of the paper. Note A and u the
co-state variables attached to carbon and sulphur stocks. The Hamiltonian is
then :

HA = C(al, CL2)+D(S1, SQ7T(Sl, 52))4‘)\[671—(11 —l—aag—élSﬂ+ﬂ[e’2—a2—525’2].

(25)
The first order conditions, derived from the Hamiltonian, are given by :
oC
—— _A=0 26
0, (26)
ocC
el A—u=20 27
oy T A TH (27)
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; oD 0D oT

/\—’I"/\Z—[aisl-‘y-ﬁaisl—dl)\] (28)
, 9D 9D oT
H*Tﬂ—*[ai&JrafTasz*(;zﬂ] (29)

together with transversality conditions and positivity constraints on a; and as.
These first-order conditions can be rearranged to form the Modified Hamiltonian

Dynamic System, expressed under matrix form as follows :

S S1 50k ky a
S. S. 0 —é k k 5
i A I E¥GA ’ ’ *l.c= o
A A —d; 0 r+6 0 —t1ds
- 0 *dQ 0 r+ 52 t2d3
1 2 1
Withlﬁ:***af<0,k2:g>0andk3:——<0,
C1 Co Co Co

Two conditions are necessary and sufficient to ensure the saddlepoint property
(Dockner, 1985) :

(C1): M <0and (C2):0<detJ < (%)2,

05 0%, (0%, osi| (05 9%,
_ |05 0A Sy ou 95y Op

where M ﬂ Q + 37” @ +2 ﬂ Q .
051 O\ 0S5,  Ou 0SSy  Ou

Demonstration of (C1). Due to the negativity of k1 and ks, it can be easily
verified that the following expression is negative :

M= —-6(r+ (51) + diky — 0a(r + (52) + doks < 0.

Demonstration of (C2). The positivity of the determinant of the Jacobian

is straightforward :
det J = 52517"(?"+§2 +61) +d1d2(k1k‘3 - k%) 7d1]€1 (52 +T')52 7d2]€3(7"+51)51 > 0.

Then, after some rearrangements, we obtain the following, which ensures that
the second part of (C2) holds :

M 1
(?)2 —detJ = Z(—(Sl(’l“ + 51) + dikl + (52(’/‘ + (52) — d2k3)2 + dldgk‘g > 0.

Consequently, the steady state has the saddle point property, whether the tech-

nological correlation applies or not.
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Appendix 2 : Steady state abatement and stock

levels - basic model

The steady state stock and abatement levels are obtained after recognizing that
at the steady state, the following relation holds : Z*®° = —J~1.C where Z>
stands for the matrix with typical elements v>°, v € {S1, So, A, p}. Also, a; = 2

andagzi,klz—é andkgz—é:
SA - 6_1(T+51) +k1d3t1 aA - l dle_l +51d3t1
teo ™ 51(T+61)—d1/{?1 7 oo T Cc1 (51(’!“—|—((51)—Cl1]€17

SA - 6_2(7" + 52) + k3d3t2 aA - l d26_2 — 52d3t2
oo ™ (52(7“ + 52) — doks 7200 T Co (52(7" + 52) — dgkg7

cle_l(r—l—él)—tldg CLC _ €1dy + 01t1d3
b (r+6)+d T edi(r+61) +dy

c _
Sloo_

SD _ 626_2(7"4-(51) aD _ e_2d2
200 CQ(SQ(T—F(SQ) + dy 7 200 02(52(7“—}—52) —l—dg.

To get the values in case B, just set to = 0 in the expressions obtained for case

A.

Appendix 3 : Steady state stock and abatement

levels - model with technological interaction

Following the same methodology as in Appendix 2, the steady state abatement

and stock levels in cases A and B are as follows, considering a; = %, ap = & ;j)‘;
with by = —2 — = ky = 2 and ks = —L, and DEN = §165(r +61)(r + 62) —

C2

]€1d152(7‘ + (52) — kgdg(sl(T + 51) — dldg(k% — klk‘d) :

Sf‘OODEN = e_l [52(7‘ + 52)(7‘ + (51) — d2k3(7’ + 51)] + t1d3 [k’152(7‘ + 52)
+d2(kg — klkg)] —+ [e_zdg — t2d352]]€2(7" + (51),

S;‘OODEN = e_2 [(51 (’I‘ + 51)(?” + 52) — dlkl (’I‘ + 52)] + t2d3[—k351 (51 + T)
+d1(k1k3 — k%] —+ [e_]_dl — t1d3(51]k2(r + 52),

@1400~81~DEN = [e_ldl + t1d351][52(7’ + 52) — d2k3] + dlkg[e_gdg — tgdgdg],
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afm.CQ.DEN = [e_ldl + tldg(sl][k'gdg - a((sg(’l" + 52) — dgkg)]-l—
[e_2d2 — t_zégdg][(ﬁ (T + (51) —d; (kl + ak’g)],

To compare target setting between cases A and B, it suffices to study the sign
of the coefficients attached to ts, as not accounting for the impact of sulphur
on T'(S1,S52) is what characterises the difference between the two programs.

Consequently, the impact of an environmental myopia of type B is given by :

koo )
322(7"+ 1)<

A _¢gB _ _
SIOO SIOO t2d DEN

0,

dy (k1ks — k3) — k301 (61 +7)

S5 — 8B =tyds > 0, since k1ks — k3 > 0,

DEN
d1k2do
CLfoo_a‘lBoo:_tQCiL%cll)l?]V <0,
8 ldy (aky + ky) — 61 (r + 6 1
U — g = tady 2l (o 21_2D1)E‘N 1(r +31)] <0, as aky+k = T <0.

Comparing cases A-D, sulphur targets differ between socially optimal and

myopic management in the following manner:

A D OZ(T =+ 51)01 [671d1 + tldg] + tods [(51 (7‘ + (51)61 =+ dﬂ 67201d1d2042 (7" =+ 52)
5200_5200 e + > 0
D2 D3
a124<>o - agoo = _62[Sé400 - S2Doo] <0

as: D1 = D2[61(r + 61)ciea +di(ca + a?er)], D3 = D2c1[02(r + d2)co + da] and

_ DEN
D2 = 5.

Results are less clear-cut for carbon targets. Indeed, we obtain :

(r 4 61)[daka(€1dy + d1t1d3) + (€ad2 — tadzda) (91 (r + 61) — dik)]
DEN51[(7“ + (51) - dlkl]

A c _
Sloo_Sloo -

tods €3 ko e1di+61tids
A —8¢ S0 2 <242
too oo = do < 02 * d2 01(r +61) — diky
A _ . C ﬁsfoo — Slcoo
C1 r—+ (51

Ao U1co

Setting t2 = 0 in the above expression easily provides the ranking for case B :
SE_ > 8¢ and af_ > af,_ . Accounting for the cooling effect of sulphur may

reverse these signs, under a condition on ts.
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Appendix 4 : non standard carbon stock paths

Denote p; the components of the eigenvectors associated to the negative eigen-
values p;, i € {1,2}, of the Jacobian matrix and C; constants determined by
the initial conditions. The following applies (see, for instance, Moslener and
Requate (2007) :

2

S{(E) = Sfe + ) Ot pis e (30)

i=1
C Conditions for non monotonic paths. The monotony properties are
derived from the study of dS;/dt :

dSP) N A
=2 piClpis e (31)

=1

Equation (31) shows that the time-derivative is composed of two terms, so that
the monotony of the accumulation path may change over time. Non monotonic
patterns can be ruled out if 3¢ such that p;s, = 0; indeed if there is only
one eigenvector with a component in the S; direction, then S;(t) can only be
monotonic’. When the two eigenvectors have components in the S; direction,
then a non-monotonic S;(t) path exists if there is a strictly'® positive ¢t such

that S;(t) = 0. After some rearrangement, we obtain :

1
51 — In |:_C2p2p251:| . (32)

P1 — P2 Clplplsl

Without loss of generality, assume |p2| > |p1], so that p; — p2 > 0. Then the
property of non-monotony depends on the positivity of the In term, which is

equivalent to the following condition, where AS; = S;so — Sio :

A P1s A
- _Cap2p2s, @AS? ~ o A8 51 (33)
Cipiprs, p1 ASsh— Z52A84 ©

P25,
B Conditions for an inflection point. When non-monotony can be ruled
out (K < 1), we are interested in capturing the possibility of a change of curva-

ture of the accumulation path, characterized by a condition on the second-order

9which is what happens in case C; indeed we have :

dSY (t)

SE) =8¢, +CFriett = 7

= rlclcrnerlt, of fixed sign.

106 rule out the trivial case of a nul initial stock.
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time derivative of the carbon path :

/ B2SA() &
3?7 51 such that :71() =
dt? 4

1=

2 A it
P20 pis et = 0.
1

The same method as above is used, so that :

, 1 Cyp?
51 — In {_2/)3/)251} . (34)
p1— p2 Cipipis,

The positivity of the term inside the In is then guaranteed by the following
condition : K > %' Adding the restriction that ensures monotony, we have

shown point B of the Proposition.

Finally, when both non monotony and a change of curvature can be ruled out,

point A applies.

Appendix 5 : Illustrative cases

Case 1. We are in the following set-up : Sy < S < S{i_. It is straightforward
to show that S{(¢) is monotically increasing and concave. Then, it suffices
that S{(t) be increasing, initially convex then concave, to show that the sign of
S{(t) — S¢(t) changes over time.

A
Sy (t)4 is increasing means that V¢ %t(t) > 0 (condition C1), in particular at

t = 0. We want to check under which conditions this is compatible with an
d?57 ()
dat?

initially convex stock path, which is characterized by lt=0 > 0 (condition

C2).

C1l = Cipipis, + Capapas, >0
= Cipipis, + Copipas, <0 if, Vi, Cipipis, > 0 as p1,p2 <0
d%S:(t)
dt?

li=0 < 0.
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Cl=> Cgpgpgsl > *Clplplsl, if Clp1p151 < 0 and nggpgsl > 0,
o Cap2p2s,
01,010181
Copipas, _ P2

- >—=>1
Cipipis, ~ m

>1

= Capipas, < —Cipipis,
d?S:(t)
dt?

|t:0 < 0.

Cl=> 01,01,0151 > —nggpgsl, if 01/710151 > (0 and Cgpgpgsl < 0,

_02/)%/)231 P2

=0<
Cipipis,  p1

Cyp3? Cyp?
=0 < - 22025 gy« 2202025 P2
Cipip1s, Cipiprs,  p1
d?S,(t) d%S:(t)
= a2 |t:0 <0or a2 ‘t:o > 0.

Case 2. We are in the following set-up : S < S9 < Sfi_. We are looking
for conditions compatible with a non-monotonous optimal carbon accumula-
tion, starting with a decreasing part. Furthermore, as the myopic path is non
ambiguously decreasing, we also want to ensure that the slope of the tangent
at t = 0 is higher in the myopic case than in the optimal case. This set of

conditions straightforwardly leads to the one exposed in Proposition 2.

Case 3. We are in the following set-up : S < Sit. < SY. We are looking for
conditions compatible with a non-monotonous optimal carbon accumulation,
starting with a decreasing part. This set of conditions straightforwardly leads

to the one exposed in Proposition 3.
Figures 4-6 are companion to Figures 1-3 as they illustrate sulphur accumulation

and abatement over time.

[Figures 4,5,6 about here]
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Appendix 6 : Different sets of values used in the

numerical illustrations

Parameter Figure 1 Figure 2 Figure 3
6_17 €2 5, 5 10, 5 10, 5
01, 02 0.1,0.1 0.08,0.1 0.08,0.1

di,dy  0.1,0.2 1,1 1,1
ds, t1,t> 05,1,08 1,1,4 1,1,4
C1, C2 2, 3 2, 3 2, 3
ASH >0 >0 <0
ASYE >0 <0 <0
ASS >0 >0 >0
ASS >0 <0 >0

Table 2: Parameters used in the simulations
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Figure 1: Illustration of Result 1
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Figure 2: Illustration of Result 2
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CARBON STOCK CARBON ABATEMENT

Figure 3: Illustration of Result 3

SULPHUR STOCK SULPHUR ABATEMENT

Figure 4: Complement to Figure 1
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SULPHUR ABATEMENT
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Figure 5: Complement to Figure 2

SULPHUR STOCK SULPHUR ABATEMENT

Figure 6: Complement to Figure 3
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