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Abstract

In climate change policy, adaptation tends to be viewed as being as important
as mitigation. In this article we present a simple yet general argument for which
mitigation must be preferred to adaptation at the global level. The argument rests
on the observation that mitigation is a public good while adaptation is a private one.
This implies that the more one teases out the public good nature of mitigation, the
lower will be the incentives to invest in the private good adaptation while it increases
a policy maker’s incentives to invest in the public good mitigation. Conclusively,
private adaptation yields a significant loss to global welfare. When taking this result
to the data we find that a representative policy maker who does not distinguish
between private and public goods would invest in both adaptation and mitigation,
just as the previous literature recommends. However, a representative policy maker
who properly models mitigation as a public good and adaptation as a private one
would optimally only invest in mitigation. We then discuss what this implies for the
current state of the art literature and what should be the lesson for future research.
Keywords: mitigation, adaptation, aggregation, public good, private good.

JEL classification: Q58, Q54.

1 Introduction

Adaptation is increasingly seen as an important contributor to climate pol-

icy, if not one of the main potential ‘solutions’ to our climate change problem

(IPCC, 2014b). For example, the IPCC (Parry, 2007) notes that “[e]ffective



climate policy aimed at reducing the risks of climate change to natural and
human systems involves a portfolio of diverse adaptation and mitigation
actions (very high confidence).”! One, nevertheless, cannot but feel uneasy
about this additional policy option as adaptation reduces the incentives to
invest in emission reduction (Farnham and Kennedy, 2014) and thus it im-
poses a negative externality on all others. This leads to more climate change
and consequently a greater need to undertake additional climate policy. In
the worst case adaptation will simply turn out to be a white elephant. It
goes without saying that this feedback cycle can lead to significant increases
in global warming, to the extent that adaptation can become very costly
or even impossible. As a result, this will give rise to a violation of many
of the well-accepted definitions of sustainable development that were de-
veloped during the past years, especially strong sustainability (Neumayer,
2003) and approaches relying on capabilities (Sen, 1987). In the light of
this the question raised here is as follows: If our climate policy were to be
motivated by the first best, should adaptation be part of the policy mix
or not? Or, slightly differently, assume a politician who attends the next
Conference of Parties meeting comes to you and asks: Having the choice

between mitigation and adaptation, how should I lobby all of the world’s

IThis attitude towards adaptation seems to be omnipresent in major international and national gov-
ernments. For example, the European Union places adaptation highly on its policy agenda in the 2013 EU
Strategy on Adaptation; the United Nations Environmental Program developed the National Adaptation
Plan which lends support to national governments in their adaptation; and the UNFCCC promises to
channel 100 billion USD to developing countries through its Green Climate Fund by 2020.



leaders to split up their money between the two?

One of the reasons for which adaptation has seen increasing attention on
the policy agenda is that prominent research suggests that both adaptation
and mitigation should play a role in climate policy. This result comes out of
a growing literature that studies optimal climate policies in a representative
agent framework. The articles that we are aware of and that have treated
this question in an analytical approach, in order of publication year, are
Lecocq and Shalizi (2007), Yohe and Strzepek (2007), De Zeeuw and Zemel
(2012), Bosello et al. (2013), Bréchet et al. (2013), Ingham et al. (2013),
Tsur and Withagen (2013), van der Ploeg and de Zeeuw (2013), and Zemel
(2015).% In this line of literature the discussion tends to circulate around the
conditions under which adaptation and mitigation are substitutes or com-
plements, and the optimal mix between adaptation and mitigation. The
integrated assessment literature (Hope, 2006; De Bruin et al., 2009; Bosello
et al., 2010) has verified these theoretical models empirically and came to
the conclusion that adaptation should play a major role in climate policy.
While this literature has elicited certain conditions under which, for exam-
ple, adaptation (or mitigation alike) is optimally neglected (i.e. set to zero)
in climate policy, this result tends to stem from either specific functional

forms, or depends on the level of economic development of a country.

2A review and deeper discussion of these models is available in Agrawala et al. (2011), Bosello et al.
(2010), Patt et al. (2010) and Konrad and Thum (2013).
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In addition to these studies, there are authors who suggest that mitiga-
tion should be viewed as a public good while adaptation is a private one.
This literature tends to split the world into several regions and looks more
deeply at the inefficiencies that are introduced by this distinction. The ear-
liest contribution is Kane and Shogren (2000), who take the perspective of a
country that takes the mitigation effort of other countries as given and then
chooses its own adaptation and mitigation strategies. More in line with
multiple region models, Mendelsohn (2000) showed that private adaptation
would be inefficiently low if joint adaptation would be possible (e.g. in the
case of dam construction). A similar result has been shown in Ingham et al.
(2013) and Buob and Stephan (2011), who find that adaptation is higher
while mitigation is lower in a non-cooperative game compared to a coopera-
tive one. Ebert and Welsch (2012) and Brechet et al. (2014) also study the
differences between non-cooperative and cooperative results. Farnham and
Kennedy (2014) show that reducing mitigation while increasing adaptation
imposes a negative externality on other countries and thus adaptation can

be welfare-reducing.

In this article we follow the second strand of literature by splitting the
world more realistically into many regions or players and assume that mit-

igation is a public good while adaptation is a private one.®> Though this

3Here we follow the standard definition in Samuelson (1954) of public and private goods.



distinction has been made in articles that assess climate policy strategies,
we will not focus on inefficiencies or particular game structures. Instead, in
Section 2 we show that it is the public good character of mitigation that
makes a global policy maker to fully favour mitigation over adaptation. The
intuition for this is that the more one teases out the public good nature of
mitigation the more important will be this public good relative to the pri-
vate one. Imagine a policy maker uses the standardly used representative
agent model that does not distinguish between adaptation as a private good
and mitigation as a public one. Then since there is only one agent, a dollar
invested in adaptation or mitigation will only benefit this one representa-
tive individual. Instead, assume the policy maker models adaptation at the
smallest possible unit, namely the individual level (e.g. in the case of air
conditioners), while an investment in mitigation benefits all individuals (e.g.
climate change). Then he knows that a dollar spent on adaptation helps
only one individual, whereas a dollar spent on mitigation helps 7.3 billion
people. This is the observation that underlies the results in this article.
Intuitively, this should favour the provision of the public good mitigation
over the private good adaptation. Hence, private adaptation represents a
significant loss to global welfare. In Section 3, based on a numerical exer-
cise calibrated to world data, we show that a policy maker who relies on

a welfare function that is disaggregated at least at the country-level would



optimally set adaptation equal to zero, while mitigation should be positive.
Instead, a policy maker who evaluates welfare at a higher level of aggre-
gation would invest in both adaptation and mitigation. We then argue in
Section 4.1 as to what is the ‘right’ level of disaggregation when evaluating

climate policies. Section 5 concludes with further lessons.

2 A simple model

The objective of this section is to understand the implication of teasing out
the public good nature of mitigation. We are not claiming that this is the
right approach that allows us to consistently go from a disaggregated model
to its aggregated version.* However, it is the only approach that helps us
in understanding when a public good starts to dominate a private simply

due to it being public.

We present a simple yet sufficiently general model to answer the ques-
tion above. Assume there are n = 1,..., N levels of disaggregation, where
N =1 is the representative agent level, and N = 7.3 billion is the num-
ber of individuals on the planet. Then world income is given by W and
average wages by W/N, which can be spend on abatement or mitiga-

tion. Let us also assume that for each level of disaggregation all units

41 thank Reyer Gerlagh for raising this point.



are the same. Wages net of abatement and mitigation are reduced by mul-
tiplicative damages which are a decreasing function of the mitigation effort
M; > 0 and adaptation effort A; > 0, implying that net income is given by
Vi=(1- DN M, A;)) (W/N — A; — M;). Mitigation has a public good
character (via e.g. emission reductions that affect CO,), while adaptation
is a private good (e.g. reinforcing one’s home against storm damages). For
simplicity let’s call the different levels of disaggregation ‘the agents’. The
agents have a concave utility function that depends on net income, U(Y;),
where the sum of mitigation and adaptation efforts are constrained by net

wages. We impose the following set of very general assumptions.

Assumption 1 The utility function U : R+ — R is an increasing, concave

transformation of Y.

Assumption 2 The damage function takes the form D(Z‘iv M;, A;) € (0,1),
D, <0, D"y, >0, D <0, D", >0, andlimy_ec Dy = 0, limyoe D) =

0, D'y > 0, in addition to limy_o Dy, > —o0 and limy_,g D'y > —o0

While the first conditions in Assumption 2 on the shape of the damage
function are natural, the last limit condition needs some elaboration. We
impose the assumption that limy o D’y > —oo, meaning that the impact of
adaptation, when adaptation is very low, is limited (Moser and Ekstrom,
2010), solely to have a mathematically clear result. This assumption is ab-
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solutely not necessary for the central conclusions drawn here, but it does
facilitate the subsequent presentation. Still there are some realistic founda-
tions to it. More specifically, it is inspired by the fact that it is not enough
to e.g. only replace one tile on the roof with a strong, storm-resistant one,
but in order to have a safer house one needs to redo the whole roof. Or,
similarly, in order to prevent flooding it is not simply sufficient to use one
sandbag, but instead one has to surround one’s house with a flood barrier
that is high enough. Hence the idea is that adaptation should have a cer-
tain threshold good character, or at least be not infinitely productive at the
lowest margin. We also confirm that this is a reasonable assumption in our

numerical exercise.

We furthermore impose the following technical conditions.

. 1-D(0,0) 1-D(0,0)
Assumption 3 W > — D7(0.0) and W > — D7.(0,0) -

These two conditions in Assumption 3 imply that mitigation and adaptation
are, at least to some extent, beneficial to curb the impact of climate change
and not too expensive. In other words, we assume that there is a role for

either mitigation or adaptation in climate policy.

Assume a benevolent policy maker maximizes the sum of the utility func-
tions at the different levels of disaggregation. For example, N = 1 is the
level of the representative agent that does not distinguish between private
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and public goods. Instead, for N = 195 then adaptation is measured at
the country level, while N = 7.3 billion is the level for which adaptation is
measured at the individual level. Knowing that everyone behaves the same

this policy maker® maximizes
V:NU<(1—D(NM,A))(W/N—A—M)). (1)

Then it is clear that the maximum is achieved when

— D/{(NM,A)(W/N — A~ M) < 1-D(NM,A), (2)
~ Dy (NM, A)(W/N — A— M) < Lo D(]C[M’ A), (3)

where (2) holds with equality if A > 0, while (3) holds with equality when

M > 0. We summarize the first results in the following proposition.

Proposition 1 Under Assumptions 1 and 2 the mazximization problem (1)

yields

1. a corner solution in both adaptation A =0 and mitigation M = 0 if

W 1 — D(0,0)
NS00 W

5As Geir Asheim suggested, there is another way in which the model can be set up. We could instead
have written V = NU((l —D(M,A/N))(W —A/N — M/N))7 which implies that as N increases we make

abatement less public. The intuition is similar and the results precisely the same. Both approaches are
perfectly defensible and thus it is only a matter of taste which one to use.
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and
1 — D(0,0)

W < — )
=D, (0,0)

(5)

. a corner solution in adaptation A = 0 alone if, for an optimum interior

M~,
W 1—-D(NM*0)
M > — ’ 6
N+ D'(NM~*,0) ’ (6)
and
1 1 — D(NM*,0)
M '=—|W : 7
(v S ) g
which jointly requires
Dy (NM,0)N < D)(NM,0), (8)

. and a corner solution in mitigation M = 0 alone if, for an optimum

interior A*,

1 1 — D(0, A%)
A* > — ’
5 () )
and
W 1—D(0,A%)
A= — ’ 1
AT (10)
which jointly requires
ND},;(0,A%) > D', (0, A"). (11)
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4. an interior solution in mitigation M > 0 and adaptation A > 0 if

1 — D(NM*, A¥) 1 — D(NM*, A¥)
N —A*— M*=— =— 12
Wi D' (N M~ A*) ND,(NM*, A*)’ (12)

which requires

ND),(NM*, A*) = D/,(NM*, A*). (13)

Proof 1 Follows directly from perturbing equations (2) and (3) and apply-

ing the Kuhn-Tucker conditions. B

We now show that the public good character of mitigation and the private
good character of adaptation play a crucial role for the optimal mix between
adaptation and mitigation. In particular, we shall not, as is usual, focus
on the demand side (properties of non-excludable and non-rival) of public
goods, but instead on the supply side. As suggested above, the focus will be
on the first-best, the social optimum, and thus we also do not look at the
free-rider problem or the externality-induced inefficiencies of over/under-
provision which are generally associated with public goods.® Instead, we

look at the supply side in order to more clearly tease out the public good

6These focuses basically come out of the literature on group size and public goods starting with Olson
(1965) and Chamberlin (1974).
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character of mitigation by making it more ‘public’ relative to the private

good adaptation.

Imagine you are a policy maker and you maximize wealth subject to
adaptation and mitigation for the world as a whole (N = 1), ignoring
that there are many agents out there that jointly benefit from marginal
expenditures on mitigation. This, basically, is what is being done in the
representative agents models up to now. In this case, the public good miti-
gation would be indistinguishable from a private good. In contrast, assume
you maximize over the major regions of the world (e.g. PAGE2002 assumes
N = 8 and RICE-2010 model assumes N = 12). Then the fact that the
world income is now split over 12 regions matters for the optimal choices.
Take this now to the extreme and assume that 7.3 billion individuals are
considered by the policy maker. Average income will be very low in this
case, and consequently there will only be a limited budget available for pri-
vate adaptation, while the potential sum for the public good mitigation can
be very large. Intuitively, this should favour the provision of the public

good mitigation over the private good adaptation.

Let us see whether this intuition applies to the optimal mix between the
public good mitigation and the private good adaptation. Assume we are
in case 2, which corresponds to parameter conditions that yield an interior

solution in mitigation but a corner in adaptation. Then from the optimal

12



condition for M*, equation (7), we get

dM* M* 1 1—-D
_ _ — W < 0. 14
AN N N2< i D_’M> (14)

The left-hand side of inequality (6) decreases in N. In contrast, the right-
hand side of the inequality changes with N according to
W, 1-D(NM*0)
d(ﬁ + D, (NM*,0) ) 1%

dN SN2

Hence, the left-hand side of the inequality reduces more slowly than the
right-hand side if N increases. As a result, if case 2 applies for a given NV,
then it will still hold for increasing N. This is also confirmed for the joint

condition (8) which, if it holds for a given IV, also holds for a larger N.

Assume now we are in case 3, thus M = 0 and A > 0 is optimal. Then

from the optimal A* derived in equation (10) we obtain

dA W

@i ~0. (15)
1-D(0,4)

AN N2+ o)

In addition, from equation (10) we can find that the optimal A* = 0 for

D', (0,0)W
N 2 _(1fD(0,0))'

We, therefore, find that for increasing NV it becomes increasingly unlikely

that case 3 holds. The condition for this is summarized in the following
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proposition.

~Dy(NMO)W o

Proposition 2 A* =0 f, for any optimal M, N > TDNI0)

Proof 2 Based on equation (10), we re-write the condition from Proposition

2 as

w o4 1—D(0,A")

N D', (0, A*)
As A* — % is an increasing function of A and —%&g) > 0, then
this condition will not be satisfied if W/N < —15,5(806(;). Also,

4[ =p0.0)
PL00y ) (D W N D', D)W — 0
d(NM) 1-D 1-D) ‘

Re-writing yields the condition in the proposition above. B

Figure 2 shows the condition under which the maximization problem yields
a corner solution in adaptation and an interior solution in mitigation given

that Assumption 3 holds.

Hence, for a sufficiently disaggregated welfare function we find that mit-
igation should be favoured over adaptation. Furthermore, we conjecture
that this result will continue to hold in the case of multiple periods and
asymmetric agents, and it will be strengthened if we include uncertainty,

the risk of climate catastrophes, and e.g. the inability to migrate to safer
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1 - D(0,0)
D4(00)

N=1 —D} (OE,O)W N
1— D(0,0)

regions. The result above also suggests that both representative agent mod-
els, such as Kane and Shogren (2000), Lecocq and Shalizi (2007), Yohe and
Strzepek (2007), De Zeeuw and Zemel (2012), Bosello et al. (2013), Bréchet
et al. (2013), Ingham et al. (2013), Tsur and Withagen (2013), van der
Ploeg and de Zeeuw (2013), Zemel (2015), or integrated assessment models
based on a global or (smaller) regional split-up of the world, such as Nord-
haus (1993), Hope (2006), De Bruin et al. (2009) or Bosello et al. (2010),
will underestimate the optimal mitigation action and overestimate the opti-
mal adaptation effort since they do not, or only minimally, take the public

versus private good setting into account.
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3 Empirical considerations

In this section we shall pretend that the mitigation option is evaluated at
different levels of public good. For example, a policy maker who evaluates
mitigation at the national level would not consider how mitigation affects
each individual, but this policy maker would analyze how it affects the
country as a whole. This, coincidentally, is also the only way in which we
can empirically show how the public good nature of mitigation starts to
dominate the private good adaptation as a policy option from the global
welfare perspective. We will now investigate inhowfar these theoretical re-
sults carry forward to empirically relevant settings. To do so we build upon

Golosov et al. (2014) and define the damage function as follows.

Assumption 4 The damage function takes the form D(Zf[ M;, A;) =1—
exp <—7(AZ-)(S(W, > M) —S)) , where v(A;) denotes the damage elastic-
ity, while S(W, ", M;)— S is the difference between the current atmospheric

carbon level and the pre-industrial one.

Hassler et al. (forthcoming) show that this damage function is a useful
approximation relative to Nordhaus’ (Nordhaus, 2007) damage function.
Golosov et al. (2014) assume the damage elasticity parameter to be given

exogenously, while we endogenize it through adaptation expenditure v(A4;).
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An obvious question is as to how adaptation affects the damage elasticity
parameter and how mitigation precisely affects carbon emissions. Clearly,
there is an inherent lack of acceptable estimates concerning the way adapta-
tion and mitigation help to reduce damages from climate change. Based on
a survey in Tol et al. (1998), De Bruin et al. (2009) estimate that the costs of
adaptation increase exponentially with the damages avoided. Similar, more
recent Integrated Assessment Models (Agrawala et al., 2011) empirically
estimate functional forms equivalent to ours. The functional form that we

use henceforth and that approximates this is given in Assumption 5 below.

Similarly, it is known that mitigation at low carbon emissions is rea-
sonable cheap, while trying to mitigate all emissions is extremely costly.
As mitigation may take many forms of emission reductions, such as invest-
ments in renewable energies like wind or solar, reforestation projects or
investments in less carbon-intensive products, we take the empirical form

given in Assumption 5.

Assumption 5 The damage elasticity is given by v(A;) = 755- The at-

mospheric carbon level is given by S(W,> . M;) = ngZLM + 848.

Thus, both the damage elasticity and the atmospheric carbon level are
convex functions of their arguments. We also take it that mitigation will
not reduce the level of atmospheric carbon below the pre-industrial level,
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which is not a necessary but convenient assumption. In the definition of
S(W, >, M;) the value 848 is the current (2015) level of atmospheric carbon

measured in Gigatons Carbon (GtC).

One may argue that higher levels of adaptation lead to lower net income
levels and thus less carbon is emitted. However, there are many cases where
adaptation actually increases emissions, e.g. via increased use of air condi-
tioning in order to compensate for rising temperatures. Similarly, improving
one’s housing structure requires the production of more cement, of stronger
tiles, of better isolated windows, all of which adds to carbon emissions. We
thus take the most reasonable case and assume that producing a unit of
adaptation expenditure has the same impact on the atmospheric carbon

stock as a unit of income.

In the following we will take this static model and assume that a benev-
olent policy maker looks ahead until 2050 when deciding upon the optimal
adaptation and mitigation policy. Instead of adding utilities over the differ-
ent periods we take average IPCC climate, as well as average World Bank
population and income growth scenarios. We then sum up over the income
from 2015 to 2050, and allow the policy maker to choose his climate policy
statically. By doing so we will only obtain the average per period adaptation
and mitigation expenditure, and ignore potential effects that are due to the

curvature of the utility function or discounting. While this may somewhat
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affect the level of the optimal choices, this should not impact the qualita-
tive results. Furthermore quantitative differences should be small for the
low discount rates that are currently used in climate policy, and also for
utility functions with little curvature (e.g. the DICE model of Nordhaus

uses a logarithmic utility).

It is now required to calibrate the parameters v and ¢. The parameter
v is the damage elasticity. We use the RCP8.5 scenario of the IPCC, which
is an unmitigated scenario that predicts a level of atmospheric carbon of
1,378 GtC in 2050. According to Figure SPM.5 from the 2014 IPCC Syn-
thesis Report (IPCC, 2014b), the associated warming will be around 2.5°C.
Damage estimates for this level of warming vary to some degree. According
to the IPCC (Field et al., 2014) and the Stern review (Stern, 2007), losses
from a 2°C' temperature increase amount to between 0.2 to 2% of income,
with losses being more likely at the higher end of the spectrum. Thus, a
2.5°C" warming is likely to be closer to losses of 2%, if not higher. In a
recent study, Burke et al. (2015) estimate the aggregated world damages
for 2.5°C' warming to be 10% of world GDP. Due to a lack of better esti-
mates we place slightly more weight on the estimates from the IPCC, and
take it that a 2°C' warming induces damages of 4% of world GDP. The
pre-industrial level of atmospheric carbon was around 590 GtC (in 1750).

Assuming that this level of carbon was such that mankind had fully adapted
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to the climate conditions, then using this information to estimate ~ we find
that the unabated and unmitigated baseline scenario of 1,378 GtC in 2050
yields 0.96 = 1 — exp( — (1,378 — 590)). Thus, this gives a value of
v = 5.18 x 107°. Golosov et al. (2014) obtain a very similar damage elas-
ticity of v = 5.3 x 107°. Furthermore, our damage estimates conform very
closely to those by Nordhaus (2007), whose estimates would yield a dam-
age of 3.5% at 1,378 GtC. However, our damage estimates are more linear
in temperature than Nordhaus (2007) and overestimate the damages for
low carbon concentrations but underestimate them for high levels of carbon
concentrations. Nevertheless, a more linear relationship makes our model

more in line with the recent empirical results of Burke et al. (2015).

The parameter ¢ is obtained as follows. The Gross World Product (in
PPP, 2011 dollars) was 107.5 trillion US $. Annual world carbon emissions
are currently 10.35 GtC. Thus, the propensity to emit from world income
is ¢ = 10.35/107.5. Since, according to the IPCC (2014a), roughly 50% of
the emitted carbon leaves the atmosphere during the course of a couple of
years, we multiply this by 0.8, which takes into account that more carbon
is emitted closer to 2050 implying that less could have left the atmosphere.
We set the expected world growth rate until 2050 to 3%, which is slightly
lower than the recent 3.4% noted in the IMF’s World Economic Outlook but

includes the potential for growth convergence. Given that the pre-industrial
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carbon level was 590 GtC in 1790 and that the current level of carbon in the
atmosphere is 848 GtC, then this yields” a maximum carbon level of 1,372
GtC in 2050, which corresponds very closely to the 1,378 GtC obtained
via the RCP8.5 scenario of the IPCC. Thus, it seems this simple model
approximates the more complicated integrated assessment models rather

well.

We then numerically maximize the welfare function under different as-
sumptions on how the policy maker aggregates the social welfare function:
We assume (s)he may maximize the welfare function treating the world as
a) a single entity (the world); b) split up in 12 regions (e.g. as in the RICE
model); ¢) split up in its 193 countries; d) split up into 8 billion people®.

The results are depicted in Table 1. We observe that if the policy maker

Table 1: Numerical results

Split-up Adaptation Mitigation Total mitigation
World 10.71 2.967 2.967
RICE regions (12) 2.085 0.56 6.715
Countries (193) 0 0.065 12.484
Individuals (8 bill.) 0 1.56 x 107 12.484

takes a country-level perspective, then the optimal adaptation expenditure

tends to zero. In fact, given the calibration above, adaptation will be equal

"The calculation is as follows: 848GtC + 0.8 x 10.35Gt(C/107.5$ x Z?:o 5(1 + 0.03)!107.5% = 1,372
GtC.

8There are currently 7.3 billion people on this planet. According to the World Bank, the world popu-
lation may (intermediate scenario) approach 8.6 billion by 2050. An average over the period 2015-2050 is
roughly 8 billion.
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to zero for a social welfare function that consists of a disaggregation level
of 110 or more agents/regions. The results presented here confirm that it
is important to fully take the public good nature of mitigation into account

when deciding upon the optimal mix with the private good adaptation.

4 Implications for the literature

The result above is, obviously, not a fully fledged integrated assessment
model result but only a back of the envelope calculation. But it should
serve as a reminder that globally aggregated models, or those that do not
fully take into account the public versus private good nature of mitigation
and adaptation, will necessarily lead to biased results. For example, the AD-
DICE model (De Bruin et al., 2009) models both mitigation and adaptation
at the global level and comes to the conclusion that both should be optimally
positive. We argue that this is a direct result of ignoring the public good
nature of mitigation. Similarly, while the PAGE2002 model (Hope, 2006)
does incorporate several world regions and studies the role of adaptation
and mitigation, it evaluates mitigation only at the level of the eight world
regions. As we show in the numerical example above, this is not enough to

fully tease out the public good character of mitigation.
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Lecocq and Shalizi (2007), like us, also model a global planner that op-
timizes between a private good adaptation and the public good mitigation.
They do, however, not investigate what the implication of the public good
character of mitigation really means and stop at concluding that there is
an interior trade off between mitigation and adaptation. As we have shown
above, it is generally not the case that a global planner would invest in
the private good adaptation since the public good mitigation completely
dominates it in terms of global welfare. Lecocq and Shalizi (2007) distin-
guish between proactive and reactive adaptation. An example of proac-
tive adaptation is the construction of a dam and represents investments in
adaptation that may also accumulate over time, while reactive adaptation
is expenditure undertaken at the time a disaster strikes (e.g. evacuation).
It is certainly true that there are important trade-offs between reactive and
proactive adaptation. However, from the modeling above it should be clear
that this further distinction® does not impact our main take away point,
namely that the public good character of mitigation tends to dominate any

kind of adaptation measures from a global welfare point of view.

De Zeeuw and Zemel (2012) develop a representative agent model where

they study the trade off between adaptation and mitigation, where mitiga-

9This is in line with Ingham et al. (2013), who show that proactive and reactive abatement play very
similar roles from a social planner’s perspective, and also extending the model to an infinite horizon case
will lead to similar results.
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tion takes the form of emissions foregone, when regime shifts can lead to
abrupt changes in the damage function (e.g. a breakdown of the thermo-
haline circulation). However, they do not distinguish between adaptation
being a private good and mitigation a public one, and thus subsequently
find that both should be undertaken at the global optimum. If one were
to re-write their model allowing for mitigation to be a public good!'?, then
this significantly reduces the optimal steady state pollution level (]5) In
fact, for N large enough this level will be close to zero, implying that no
emissions should be undertaken. As a result, the post-event value of the
welfare function will be zero and no adaptation would be optimal (see their
equation 7.1). Strictly speaking, this result is clearly a direct implication
of assuming that mitigation action is equivalent to not emitting carbon.
Nevertheless, we hypothesize (and in our discussion of the next paper we
show this) that even if one were to explicitly model mitigation, then our

result would continue to hold.

Bréchet et al. (2013) provide a Ramsey-type model where mitigation
is modeled as a flow technology of emission reductions while adaptation
is a stock variable. Higher investments in the stock of adaptation then

reduce the impact of climate damages which is measured in utility terms.

10Using the authors” notation and denoting by N the number of agents we re-write their pollution
equation (2.1) as P = NE — aP, and their instantaneous utility as N(SE — E?/2 — 79 P$). Their model
corresponds to the case of N = 1.
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If we re-write their model in order to distinguish between mitigation as
a public good and adaptation as a private one'’ and solve their system,
then we find that the marginal utility of consumption should be larger or
equal to the marginal value of adaptation stock per agent squared. Thus,
this condition will only be satisfied in societies which are unrealistically rich
and have unreasonably high levels of pollution at the same time. Using their
parameter configuration, we find that per capita consumption must be at
least 15.3 million USD to make investments in the private good adaptation
worthwhile. These are clearly only back of the envelope calculations, but
they do give an idea of the order of magnitude. Similarly to Bréchet et
al. (2013), the two articles Zemel (2015) and Tsur and Zemel (2016) also
compare the optimal mitigation and adaptation actions when adaptation
is a stock variable, the main difference being that the later two articles
introduce uncertainty. It should be clear that our arguments from above

also extend to their approach.

Ingham et al. (2013) investigate under which conditions mitigation and
adaptation would be complements. If one were to be able to extract con-
ditions under which mitigation and adaptation are complements, then this

could imply that an interior solution in adaptation may be optimal simply

1 Using their notation this would yield an instantaneous utility function of u(C, P, D) = N (In(C(t)/N)—

n(D(t))%l:u) and a pollution constraint of D(t) = Ip/N — 6D, where Ip/N implies that investments
in adaptation stock are equally split over all individuals N.
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because positive mitigation is optimal. Ingham et al. (2013) argue that both
could be complements if the costs of adaptation depend on the amount of
mitigation undertaken. They argue that e.g. adaptation is cheaper and
easier if the speed of climate change is lower. If we adjust their model to
the case of mitigation being a public good and adaptation a private one'?
we find that adaptation expenditure will be close to zero.'® Thus, even if
one allows mitigation to have an impact on the costs of adaptation, then we
would see relevant levels of adaptation only if this impact is unreasonably

large.

Buob and Stephan (2011) build upon Ingham et al. (2013) by introduc-
ing income differences and study more fully the non-cooperative versus the
cooperative outcome. They have a result similar to ours in that they inves-
tigate the impact of changing the number of regions. However, when they
change the number of regions they do not keep world income constant but
instead multiply each region’s income by the number of regions. Thus they
introduce a scale effect. This is no problem if one thinks of several regions
that potentially interact on public bad. However, it certainly implies that

it is difficult to evaluate what is meant by the social optimum. Thus, re-

12The easiest way to do this is to divide their adaptation expenditure in the damage function by N.
13The reason for it not being zero is because they assume limit conditions that always lead to an interior
solution.
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writing their model to make it more in line with a global model'*, we find
that for sufficiently large N, that means for evaluating mitigation impacts
at e.g. the individual level, that adaptation expenditure is close to zero and
the region where only adaptation is optimal (c.f. their Figure 3) is pushed
upwards in proportion to the number of agents. Thus, for sufficiently large
N the region where adaptation is positive requires an unreasonably high

level of environmental quality.

Our main result obviously only holds as long as there is a viable trade-oft
between mitigation and adaptation. So some alert readers would be imme-
diately inclined to forward either of two points. One would be that there
are many cases where climate change is already impacting local popula-
tions now and hence adaptation is the only viable solution. The other point
would be that there is an approximately 80 year delay from current miti-
gation actions to their impact on CO2 concentrations due to delays in the
carbon cycle (Rezai and van der Ploeg, 2015), which would imply that mit-
igation actions only impact the future while adaptation measures have an
impact now already. Clearly, in the first case there is no trade-off between
adaptation and mitigation and hence adaptation is potentially a necessary
policy but only insofar as there is no direct trade-off between the two. With

respect to the delay from mitigation impacts due to the carbon cycle it is

14This we do by simply re-writing their per capita income as y = Y/N, where Y is global income and
N are the number of agents. This gets rid of the scale effect in income when changing N.
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clear that there are two options. One, the delay is such that impacts are
unavoidable, in which case adaptation will be likely to be a viable policy.
Nevertheless, even in this case it is clear that for all avoidable climate dam-
ages we would fully prefer mitigation to adaptation. Two, mitigation could
take the form of carbon capture and storage which directly reduces carbon
in the atmosphere and thus does not require us to wait for a natural carbon
uptake. The result above suggests that even if carbon capture and storage
is a more expensive technology than adaptation, it would need to be more
expensive on the order of several magnitudes before adaptation starts to be

a viable policy option from the global welfare perspective.

One recurring question is whether the type of adaptation matters.'” In
this respect, Mendelsohn (2000) analyzes the role of joint adaptation, i.e.
the case where one individual’s adaptation expenditure has also an impact
on another individual’s adaptation expenditure. From a modeling perspec-
tive this of course blurs the distinction between the purely public good mit-
igation and the private good adaptation. It is true that some adaptation
expenditures benefit a whole country (e.g. building dams in Netherlands).
In this case one would have a reasonable argument that some types of large

adaptation expenditures have a somewhat public good character. So these

15As noted in Barrett (2008) and Ebert and Welsch (2011), one can somewhat circumvent the problem
of different types of adaptation, i.e. that they do not have an aggregate physical metric, by looking at
adaptation expenditure.
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cases would then certainly require a deeper analysis of the mitigation and
adaptation trade-offs for this particular case. Nevertheless, if we take our
numerical results above at face value, then we have shown that already at
the country level it is not optimal to invest in even this type of adaptation
expenditure from a global welfare point of view. This suggests that only

very few large scale adaptation projects would pass this cost benefit test.

A point generally forwarded (De Zeeuw and Zemel, 2012) is that a coun-
try would view the option of adaptation to be especially important if it
perceives global climate action to be too limited. This is a non-cooperative
argument which we did not delve into since we took the perspective of a
global planner who wants to achieve the first best, the global optimum.
However, in these regional models (Ingham et al., 2013; Buob and Stephan,
2011; Ebert and Welsch, 2012; Brechet et al., 2014; Farnham and Kennedy,
2014) the recurring argument is that, in contrast to the cooperative case,
the non-cooperative equilibrium leads to higher adaptation expenditures
and lower mitigation. This is entirely in line with the results of the public
versus private good literature (Samuelson, 1954). But a question that gen-
erally remains open is how best we could induce the cooperative solution
in a non-cooperative setting. Clearly, the arguments in this article suggest
that policies must be undertaken to move incentives away from adaptation

towards mitigation. For example, global climate treaties provide certainly
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a key for bringing the non-cooperative solution in line with the cooperative

one.

4.1 What is the ‘right’ N to consider?

It is not entirely clear as to what is the ‘right’ level at which the wel-
fare function should be evaluated. One important question, therefore, is at
which level decisions are taken. Clearly, aggregation helps us to simplify
exposition and it also aids us in the understanding of results, it helps us
in the modelling and very often it is easier to predict the evolution of the
whole than the evolution of its parts. Furthermore, data availability at the
individual level is scarce and incomplete. Consequently, higher levels of ag-
gregation tend to be preferred, which also explains the lack of country-level
integrated assessment models. However, ever since COP20, and especially
in the light of COP21, a global unified regulatory scheme seems far from
achievable, and Nationally Appropriate Mitigation Actions re-introduce the
country-level perspective back into climate policy making. This thus implies

that a policy maker should set NV at least at the country-level.

At the same time, most adaptation efforts are undertaken at the house-
hold (e.g. house protection against storms) or city (e.g. dam construction)

level. For example, farmers protect their soils from desertification by build-
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ing appropriate water reservoirs. Families invest heavily into fortifying their
houses against storm damage. Migrants pay large sums of money to migrate
to places that are less susceptible to climate change. These actions tend to
see very little governmental support but they nevertheless make the brunt
of adaptation efforts. Clearly, this is also unlikely to change in the future.
As a result, a policy maker should optimally choose adaptation efforts at
the household level. This thus implies that /N should be considered to be
sufficiently large for the result above to hold for most functional forms of

damages.

What one should take away is that optimal climate policy should thus
be at least taken with the country-level perspective in mind. In this case
the numerical results have shown that adaptation should be set equal to
zero and mitigation should be set at a positive level. Again, this is a direct
implication of the fact that, while adaptation is a private good, mitigation is
a public good and thus small contributions of everyone can have significant
impacts at the large. If everyone were to act unilaterally and spend money
on individual adaptation then a policy maker would evaluate this as a loss

of welfare.
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5 Conclusion

If we take the view of a benevolent world policy maker, then the result pre-
sented in this paper suggests that, considering a sufficiently disaggregated
welfare function (e.g. at the country level), the optimal adaptation effort
will be zero, while mitigation effort should be positive. Conclusively, from
a global perspective, the public good character of mitigation, by and large,
indeed should favour mitigation action over the private good adaptation.
From a global perspective, private adaptation thus represents a significant
loss of welfare. We augment the known models in the literature in order to
be able to study the impact of considering mitigation as a public good while

adaptation is a private one and conclude that our result is fully robust.

Based on a numerical exercise calibrated to real-world data we show
that a policy maker who evaluates social welfare at the country-level (or
higher levels of disaggregation) would not invest in adaptation, but instead
would fully focus on mitigation. Furthermore, if adaptation is similar to
a threshold good (i.e. take the case of a dam), then this strengthens the
point raised in this article. Additional factors that strengthen the above
result include uncertainty, the risk of climate catastrophes, the inability to
migrate to safer regions, or the inability of the agricultural sector to adapt

to certain climatic changes.
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The results presented here complement those from the Aggregation Dilemma

(Schumacher, 2014), which states that the social cost of carbon increases
the more disaggregated the welfare function is since aggregation averages
(important) differences away. Thus, if we take aggregation serious, then not
only will we not underestimate the social cost of carbon, but we will also

optimally neglect adaptation as a viable policy option.!

Of course we all know that the world is not ruled by a benevolent planner.
Does this imply this result has no meaning? Certainly not, since it simply
states that, if we want to achieve the absolute optimum, then we should
focus our maximum efforts on mitigation. It is thus a negative result on
the position that adaptation necessarily has to play a role in our climate
policy mix. It means that if our world leaders are unable to cooperate to a
sufficient degree and we cannot achieve the best outcome for everyone, only
then may adaptation play a role. However, accepting adaptation as part
of our climate policy mix then also entails that we accept climate change
and its consequences for our future generations; that we accept our failure

to coherently establish international cooperation in order to reduce carbon

16 Additional points against adaptation are significant biophysical, financial and social constraints that
make adaptation a particularly weak policy option. Biophysical constraints tend to be related to natural
thresholds that, if once crossed (e.g. desertification), seriously inhibit both nature’s as well as mankind’s
ability to adapt. Financial constraints arise if, for example, poor agricultural households cannot afford
to buy the seeds that new climatic conditions require, or to insure themselves sufficiently against greater
climate variability; or those needing to migrate have not sufficient funds to do so. Social limits to adaptation
require us to know whether we really want to live with three meter high flood barriers around the house;
or whether we believe that societies can really easily cope with large-scale climate migrants especially if
there are strong cultural differences.
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emissions; and that we accept to ‘agree’ on a global policy that is far from
the optimal one. Allowing a large role for adaptation simply means we failed

in following the simple Kindergarten Rule of Sustainable Development.

Thus, the point raised here suggests that policy makers should get their
priorities straight: It is simply not true that “[e]ffective climate policy aimed
at reducing the risks of climate change to natural and human systems un-
volves a portfolio of diverse adaptation and mitigation actions.” (Parry,
2007) Instead, considering the result presented here, the IPCC should write
that “[e]ffective climate policy aimed at reducing the risks of climate change
to natural and human systems must primarily consist of mitigation actions.”
This important change in rhetoric, namely that adaptation is a last resort
and only a testimony of mankind’s inability to cooperate, would also make
room for more stringent views on adaptation, for example that adapta-
tion is only acceptable for countries if this does not negatively impact their

emission reduction efforts.
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