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Summary

It is often claimed that mitigation of greenhouse gases and adaptation to climate
change are complementary strategies for dealing with climate change. If all that is
meant by this is that it will usually be optimal to use both mitigation and adaptation to
combat climate change, and that an increase in the perceived damages from climate
change should lead to an increase in both mitigation and adaptation, then economic
analysis supports this interpretation. But economic analysis has a more precise
definition of complementarity: that reducing the costs of mitigation, say, will lead to
more mitigation and hence more adaptation. However it turns out to be quite difficult
to reproduce this result in the simple economic models that are used for the analysis
of economic policy towards climate change. We show that only in the case where the
effects of mitigation on marginal adaptation cost is strong do we get that increasing
mitigation costs will reduce both mitigation and adaptation. The interpretation is that
lowering the costs of mitigation increases mitigation, which slows climate change and
makes adaptation more effective. Here mitigation and adaptation would be
complements.

We use simple models of a single social planner who can choose the optimal mix of
adaptation and mitigation to minimize total social costs. We proceed from a very
basic model in which there is only one time period and no uncertainty, so there is a
known relationship which shows how mitigation and adaptation reduce the damage
costs caused by climate change, and known costs of adaptation and of mitigation. It is
straightforward to show that in general the optimal combination of mitigation and
adaptation will require the use of both strategies and that increasing damage costs
requires an increase in both adaptation and mitigation, but that the two strategies are
substitutes in the sense used by economists reducing the cost of mitigation increases
the use of mitigation and reduces the use of adaptation.

We then extend the simple model to allow for a number of complicating features,
including dynamics, multiple decision makers, and uncertainty, but it remains the case
that mitigation and adaptation are substitutes. Only when we link the cost of
adaptation to the level of mitigation do we find the possibility of complementarity.

This paper provides details of models used to support the arguments made in our
survey paper, Ingham, Ma and Ulph (2005), How do the costs of adaptation affect
optimal mitigation when there is uncertainty, irreversibility and learning.



1 Introduction

It is often claimed that mitigation of greenhouse gases and adaptation to climate
change are complementary strategies to deal with climate change.! If what is meant
by this is that it will usually be optimal to use both mitigation and adaptation to deal
with climate change , and that a perceived increase in the damages caused by climate
change should require an increase in both mitigation and adaptation, then simple
economic analysis would support such an interpretation. But complementarity has
a more technical meaning in economics, which would imply that if, say, the costs of
mitigation fell, the optimal response would be to increase the level of mitigation and
also adaptation. Simple economic analysis does not support such an interpretation.
In almost all simple economic models of climate change mitigation and adaptation
are substitutes: a reduction in, say, the cost of mitigation should lead society to do
more mitigation and less adaptation.

In this paper, which provides the technical modelling that supports the arguments
we made in our survey paper, Ingham, Ma and Ulph (2005), we develop a range of
economic models to explore the relationship between mitigation and adaptation. We
proceed from a very basic model in which there is only one time period, and no
uncertainty, so there is a known relationship, which shows how mitigation and adap-
tation reduce the damage costs caused by climate change. A single social planner can
choose the optimal mix of adaptation and mitigation to minimize total social costs.
It is straightforward to show that in general the optimal combination of mitigation
and adaptation will require the use of both strategies, and that the two strategies are
substitutes, in a sense defined above

We extend the model, assumption by assumption, to see if and when the conclu-
sion, that mitigation and adaptation are substitutes, changes. The first extension is
to several agents; this is done in section 3. This arises from concern for the different
spatial aspects of mitigation and adaptation, with mitigation dealing with a global
public good, while adaptation often provides purely local benefits. We show that this
has the obvious implication that if we move away from the assumption of a single
social planner (who would have to be a global government of some type) and recog-
nize that individual nation states may set their adaptation and mitigation policies
independently then the noncooperative outcome will involve each state setting too
little mitigation and too much adaptation, relative to the case of a single global so-
cial planner. This again reflects the fact that adaptation and mitigation are formally
substitutes for each other. Then we extend the model to two periods in section 4.
Mitigation and adaptation also differ in their temporal aspects in that the effects
of mitigation in one period will produce benefits for all future periods while adap-
tation is often thought to produce benefits only for the period in which adaptation
takes place. However while this may be true, a forward looking social planner will
want to choose time paths for both mitigation and adaptation which are optimal,

1See IPCC (1996), Pielke (1998).



and in a broad sense all the results for the static model carry over to a dynamic
model, including the notion that mitigation and adaptation are substitutes. Then
we consider in section 5 whether making adaptation costs depend on the amount of
mitigation makes a difference, and show that this can allow for the possibility of a
complementary relationship in the precise economic sense.

In all of sections 2 to 5 the models considered are ones of certainty. Section 6
considers a model which includes uncertainty. It is straightforward to show that if
one introduces an exogenous risk of climate change damages into the simple models
of the previous sections, then the main results go through in a straightforward way:
an increase in the risk of climate change will cause the optimal levels of mitigation
and adaptation to rise, but adaptation and mitigation remain substitutes. So we
then look at introducing uncertainty as an endogenous factor. This is done by using
a simplified version of the Kane-Shogren (2000) model. They obtain slightly different
results by using a static model in which adaptation and mitigation play asymmetric
roles: the level of damage costs can be reduced by adaptation, but mitigation reduces
the risk of climate change, so risk is now endogenous. They show that an exogenous
increase in risk has an ambiguous effect - it always leads to an increase in adaptation
but the effect on mitigation depends on whether an exogenous increase in risk causes
an increase or decrease in the marginal effectiveness of mitigation in reducing risk,
and they give examples of how this effect could go either way.

2 Single Time Period, No Uncertainty, Single So-
cial Planner

We consider a model of climate change in which the costs of climate change depend
on how much we either mitigate or adapt. But mitigation and adaptation both also
incur costs, and we set out below a simple model of the specification of this.

Let m be the level of mitigation, a be the level of adaptation. Total damage costs
from Climate Change are 6D (m,a) where § is a parameter affecting the severity of
damage costs’>. We make the following assumptions about damage costs. The first
four are those for concavity of the damage function. Assumption A1.5 ensures that
we obtain appropriate comparative static results

D < O,DQ < 0. (All)
D > 0, Doy > 0. (A12)
Do = Dy > 0. (A13)

2In this specification of the problem, one factor which could affect the severity of damage costs
is the level of Business-as-Usual emissions, i.e. emissions when both m and a are zero.
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A1.1 says simply that increasing mitigation or adaptation reduces damage costs,
while A1.2 says that there are diminishing returns to mitigation and adaptation. A1.3
says that increasing adaptation reduces in absolute terms the marginal reduction in
damage by the last unit of mitigation and wvice versa. Al.4 and A1.5 simply say that
the own effects of an increase in mitigation and adaptation have a bigger effect on
own marginal reduction in damage costs than the cross effects both in absolute (A1.4)
and in relative terms (A1.5).

We denote by M (m) total mitigation costs, and A (a; «) total adaptation costs,
where « is a parameter reflecting how costly it is to carry out adaptation. We assume
that mitigation and adaptation costs are strictly convex.

M >0, M">0, A >0, A”>0

The social planner’s problem is to choose m and a to minimize total costs arising
from climate change damage costs, adaptation costs, and mitigation costs

C(m,a|d,a) =6D(m,a) + M(m) + aA(a).
For which the first order conditions are

0155D1+M/:0, (1)

02 = 6D2 + OCA, = 0. (2)

These are just the usual conditions that marginal costs of mitigation should equal
saving in reduced damage cost from mitigation, and similarly for adaptation. Denote
the optimal solution to the cost minimization problem by m*(é, a) and a*(8, «).

We now turn to comparative statics of how m*and a* change as § and « vary.®

Consider first the effect of an increase in damage costs, represented by an increase in
0. Then

om* _ C12C5s — C2Chs (3)
06 A ’

3Notice that Cj; = 6Dyq + M" > 0, Co0 = 6Doy + aA” > 0.
Finally note that

Ci1s = D1 <0, Cas = D2 <0,

Cia =0, Oy = A > 0.
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where

A= C(11(722 - C(126’21-

We have A > 0 by A1.2, A1.4, and the assumptions on M and A.

By A1.5, it is straightforward to show that % > 0, % > 0. So an increase in
damage costs increases both mitigation and adaptation.

Now come to the effect of an increase in adaptation costs, represented by an
increase in «. Then we will have since Ci9 = d D19, and D7 > 0, D19 >0

8m* . 01214./
Ba = a0 (5)
5&* . CHA,
0 - A <0 (6)

So making adaptation more expensive reduces the amount of adaptation and increases
the amount of mitigation. In this sense, adaptation and mitigation are substitutes.
This follows from the assumption on the damage cost function that an increase in
mitigation, say, reduces the marginal reduction in damages that can be achieved by
the marginal unit of adaptation.

Of course, this model is extremely simple and it is worth noting a number of ways
in which the result may not be robust before extending the model in more substantial
ways.

(a) In the above analysis we assume an interior solution and this will certainly be
the case if

§D1(0,-) < 0, M'(0) =0, 6Ds(-,0) <0, aA'(0) =0,

as is often assumed (i.e. at first, the cost of mitigation or adaptation is effectively
costless). Of course if M'(0) > 6D1(0,a*) then it is optimal only to adapt, when
aA'(0) > 6Dy(m*,0) it is optimal only to mitigate. However, whilst these corner
solutions are theoretically possible, they do not seem to be empirically relevant.

(b) The model assumes that Assumption 1 holds, which ensures that there is a
unique solution to the first order conditions and that the comparative statics exercise
is appropriate. It is possible that damage costs are not as well behaved as this, and
that there are significant non-convexities. It is well known that such non-convexities
pose difficulties for the conventional analysis of optimal externality policies (see Das-
gupta and Miler (2003)) and the problem of Thermohaline circulation may be just
such an issue of non-convexities (though related to dynamics). For the purposes of



this survey, we shall continue to assume that the second derivatives of the damage
cost function have the signs shown in Assumption 1.

(c) The model is a very simple partial equilibrium model, and it is well known
that goods or activities which are substitutes in partial equilibrium analysis may
not be substitutes in a general equilibrium analysis. Thus increasing mitigation may
affect other prices in the economy, especially factor prices, which could cause the
costs of adaptation to fall. So, increasing mitigation of emissions could cause energy
prices to fall causing some forms of adaptation which uses energy intensively (e.g.
Air Conditioning) to become cheaper and so more use is made of adaptation, so
making adaptation and mitigation complements at the general equilibrium level. We
are not aware that such general equilibrium effects are strong enough to overturn the
conclusion of the simple model that mitigation and adaptation are substitutes.

(d) There is a slightly different aspect to the previous example. Suppose that we
ignore general equilibrium effects. Nevertheless the kind of link between adaptation
and mitigation is sometimes suggested to possibly cause the problem of “maladapta-
tion”*. Suppose one form of adaptation requires use of energy (e.g. Air Conditioning),
is it possible that the additional emissions caused by use of air conditioning could
cause additional damage sufficient to outweigh the direct adaptation benefit of using
Air Conditioning?® To examine this in the context of the model, suppose that the
damage function is written as:

6D(m — p(a), a),

where p(a) captures offsets to mitigation caused by the use of a particular adaptation
strategy.
The first order conditions are:

5Dy + M' =0, (7)

6D2 — 6D1,M/ + OéAI =0. (8)

Now suppose that aA captures all of the direct cost of the adaptation strategy,
including the cost of any energy used by the adaptation strategy, but excluding the
social cost of the emissions generated by the adaptation. Then from (8) it is possible
that

6D2(€*, 0) > OéAI(O),

4This has been recognised as a problem for a very long time. For example, Huntington (1917)
discusses climate change in the context of the decline of the Roman Empire and suggests that
changes in rainfall patterns led to changes in agricultural practices that exacerbated those.

3Other possible causes of maladaptation are through competition for resources between mitigation
and facilitative adaptation, Tol (2003), international trade effects on health in developing countries,
Babiker et al. (2000). Scheraga and Grambsch (1998) refer to maladaptation due to suboptimal
private decisions, but this is more a case of mal-regulation.



so it looks as if it is privately desirable to use the adaptation strategy based on the
marginal costs at zero level of adaptation.
But it may also be true that

6D2(6*,0) < |6D1(e*70)/’6/(0)| + OéA/(O),

so that when one takes account of the damage cost of the extra emissions, it would
not be worth using the adaptation strategy, again at zero level of adaptation based
on marginal costs but now including the social costs of the adaptation strategy.

So it looks as if there is potential maladaptation. However, this results from
assuming that the damage cost of the emissions, which will arise from the adaptation
emissions, have not been factored into the private costs of adaptation. But provided
mitigation is optimally regulated, at the adaptation stage we do not need to factor
into the adaptation costs the social costs of adaptation emissions because these will
have been taken account of in the mitigation strategy. So, it should not be the case
that the social costs of the additional emissions, associated with adaptation, have
to be reflected in the user cost of adaptation. This is a case of an optimal corner
solution where adaptation is not employed. It reflects again the fact that mitigation
and adaptation need to be jointly determined.

3 Multi-Agents

Although the formal model is written down as the problem of a social planner choos-
ing optimal regulation of adaptation and mitigation it is worth asking how such
optimal policies could be implemented. Implicit in the discussion in part (d) is an
important distinction sometimes made between mitigation and adaptation, namely
that mitigation will call for some form of government regulation to reflect the prob-
lems of externalities and the public good nature of mitigation, whilst the adaptation
decision can be “decentralized”, i.e. left to individual agents to weigh the costs and
benefits of adapting. We have argued in part (d) that this remains the case as long
as mitigation is optimally regulated. But there is another important aspect of this
public good/private good distinction. For mitigation is a global public good activity
since what affects the damage on any one country is the global level of mitigation.
However it is reasonable to suppose that adaptation is a private benefit — as each
country’s adaptation affects only that country.® We can capture this distinction by
supposing that there are N countries, 7 = 1, ..., N, where for country ¢ the appropriate
cost function is

Ci(Ml, ceey MN, a; | 61', Oéi) = 6ZDZ (Z‘;V:l mj, CLZ') + MZ (mz) + OéiAi (CLZ) .

We can then distinguish formal outcomes where the countries act non-cooperatively
(i.e. no Climate Change Protocol) and where they act cooperatively (i.e. a globally
binding agreement). The first order conditions for the two cases are

6See Hanemann (2000), Kane and Shogren (2000), Mendelson (2000), Klein et al. (2003).
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e Non-Cooperative:

8DV + M" =0, (9)
8: D% + a; AY = 0. (10)
e Cooperative:
> 6;D1+ M =0, (11)
J
8: D% + a; A” = 0. (12)

(9) and (10) are just the analogue of (1) and (2) for each country, and says
that each country will choose to mitigate at the point where the marginal cost of
an additional unit of mitigation equals its own private benefit from mitigation, and
similarly for adaptation. The difference in (11) and (12) is that in the mitigation
decision what is relevant for each country is the marginal reduction in global damage
costs from an extra unit of mitigation. If we denote the optimal solution to the

non-cooperative case by (m¥,al¥) and to the cooperative case by (m{,al), then

et} 17
it is straightforward to see that > m < Y- m{, so there will be too little global
mitigation if countries do not cooperate — the standard free-rider problem. Although
(10) and (12) look the same, because the level of mitigation will be different, it
is straightforward to see that al¥ > af. So the failure to get global agreement on
mitigation means that there will be too little mitigation, and countries respond by
carrying out too much adaptation.

Of course, it must be clear that the fact that countries increase adaptation from
ad to al¥ where there is a failure to reach an international agreement does not mean
that this adaptation response is imposing additional costs on countries compared to
what they would face if they left adaptation at level a. Because the move from a¢
to a is the best response of each country to the failure to agree on mitigation. If
countries just left adaptation at levels a® they would be even worse off if there is no

agreement on mitigation, because they would incur even greater damage costs.

4 Two-Period Models, No Uncertainty

An obvious weakness of the previous model is that it lacks any dynamic features, and
climate change is inherently dynamic.” Here we extend the model in the simplest

"For example, Klein et al. (2003) discuss the different temporal aspects of mitigation and adap-
tation.



possible way to allow for dynamics to see what differences this makes to the previous
conclusions. Suppose now that there are two time periods, t = 1,2, and mitigation
and adaptation in period ¢ are denoted by m;, a;. Damages occur at the end of period
2, and depend on cumulative mitigation m = m; + ms, and cumulative adaptation
a = a; + ag, and are 6D (m, a). Costs of mitigation and adaptation in period ¢ are
given by M, (m¢), ayA; (a;) . For simplicity we shall ignore any depreciation to the
stock of mitigation and adaptation and also discounting.
The social planner now chooses m;, a; to minimize in period 2,

02(m1,m2, ar,as | 6,a0) = 6D(m,a) + My(ms) + anAs(as)
with first order conditions

C?= 6D, + My =0, (13)

C3 = 6Dy + anAly = 0. (14)

These are just the analogue of (1) and (2) for the one period problem. Denoting the
solution by mi(my,ay,6,as), aj(mq,a1,6,as), we have the normal results
Oas

06

* *
oms om;

06

8*
2

> 0, B, .

> 0, >0,

8&2

Turning to the effects of a change in first period mitigation and adaptation, note
that

02 = 6D11 > O, CQle = (5D21 > O,

1ma

C12a1 = 6Dy > 0, 022(11 = 0Dgy > 0.

A = C'1210222 - 0122031 > 0,

It is straightforward to show that

oms M (6Dgo + Ong’Q’)7
8m1 A2
so —1 < gf < 0.
8&3 . 5D21M£/
8m1 N A2 ’
so —1< gfl <0,and -1 < g—:ﬁ gfl < 0.



So increasing mitigation by 1 unit in period 1 reduces mitigation and adaptation

in period 2, but by less than 1 unit in total. Similar results apply for an increase in
om3

adaptation of 1 unit, —1 < Jar T g;f < 0.
Let

C*(my,a1,6,a3) = 6D(my +m3, ay + a3) + Ma(m}) + azAs(al).

Turning to the first period, the problem of the social planner is determine mq, a; to
minimize

Cl = CQ* + Ml(ml) + alAl(al).
For which the first order conditions are:

Cl =0+ M| =6D,+ M, =0,

021 = 022* + OélAll = 6D2 + alAll = 0.

Let the solution to the above two equations be denoted by mj (6, a1, as), aj(6, a1, as).
To assess the properties of these functions note that:

om}
(9m1

a ES
> 46D 12+ MY > 0,
8m1

Clll == 6D11 (]. —+

* *

0 0
Cly = 6D T2 + 6D1s (1 + 8%) > 0,

8@1 ai
om} oal
0211 = 6Dy <1 + aZ?) + 6Dy 8;:;1 > 0,
oms oal
C212 = (51)21 8@12 -+ 6D22 <1 + aZj) + OélAlll > O,

Al = C'1110212 - 01120211 > 0,

oms Oa’

1 2 2
om? oak

1 2 2
026—D2+5D21 86 +6D22 66 )



Cci =0,

lag

Cia, = A} > 0.

It is straightforward if tedious to show that

*
om;

8041

*
om;

Oa; Oaj
% >0 <0

66 ’ 80&1 ’

> 0, >0,

So again the results for the one period model carry over. In summary, all the
results from the one-period model carry over to the dynamic model.

Again a few comments about robustness are in order. These models assume
damage costs occur only in the second period. In this sense we can think of adaptation
in period 1 as being “pro-active” whilst adaptation in period 2 might be thought as
“reactive”. However, the results are robust to including damage costs in each time
period, although in this case it is more difficult to distinguish between adaptation as
reactive or pro-active. Adaptation in any one period will reflect both the damage that
occurs in that period as a result of the current stock of greenhouse gas emissions (so
clearly on past changes), but to the extent that current adaptation builds a stock of
future adaptation capital it also helps to adapt to future climate change. Of course,
part of this blurring just reflects the fact that we use a simple variable and it plays a
stock and flow role.

Much of the flavor of these results also carries over if we extend the model to an
infinite-horizon model. None of this should be very surprising. Even in the one-period
model, using a single variable to capture “mitigation” and a single variable to capture
“adaptation” is a gross simplification. There will be many forms of mitigation and
adaptation. But if damages increase the general efficiency argument would suggest we
should increase all forms of adaptation and mitigation while if all forms of adaptation
become more expensive then we would expect to see less adaptation of all kinds and
more mitigation of all kinds. Adaptation and mitigation in different time periods are
just different ways of adapting and mitigating.

5 When Cost of Adaptation Depends on Amount
of Mitigation

To get a more interesting outcome we need to introduce dynamic considerations in a
more interesting way. One argument sometimes advanced is that adaptation may be
harder to implement if the rate of change of climate is fast.® Now it is not clear what
underlies this belief. Part of it might reflect issues to do with the ability to learn, but
that cannot be captured in the model so far which assumes certainty. Partly this could

8See IPCC (2001), Salathé (2003).
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just reflect the fact that it takes time to accumulate a stock of adaptive capital — if
one has many decades available then the costs of moving a coastal city inland will be
relatively small compared to the costs of doing this within a few decades, essentially
because the former can rely on the natural process of replacing obsolescent capital to
achieve adaptation, whereas in the latter one has to retire capital early. This effect
is already captured, albeit crudely, by assuming increasing cost of adding to the new
stock of capital in any one period, so any increase in those costs will already be
captured by the shift parameter «;. The increased difficulty of adaptation the faster
the change in climate can also reflect problems for non-human agents where over time
species might be able to migrate or mutate to adapt to climate change, but if it is too
rapid they could be wiped out. However, what we are concerned with here is how the
speed of climate change might affect human adaptation. Whatever the underlying
explanation, a crude way of capturing this in our model might be to assume that in
period 2 (we consider period 2 just for simplicity) the costs of adaptation also depend
on the level of mitigation in period 2, with more mitigation in period 2 (slower rate
of change of climate in period 2) reducing the cost of adaptation. So we could write
adaptation costs in period 2 as

A?(ay, my), with A5 <0, A3, >0, A, <0,

so more mitigation reduces both total and marginal costs of adaptation. For simplicity
we put the cost shift parameter onto the mitigation cost. Then the period 2 problem
can now be written as choose mq, as to minimize

C? = §D(m, a) + pM>(ms) + A*(ay, ms),
with first order conditions:

C? = 6Dy + uM? + A2 =0,

C2=6Dy+ A? = 0.
Now

C? = 6Dy + pM?* + A%, >0,
—~ s~ —~ 2
A= 303, — (Ch)

C%, = My >0,

11



C3, =0,

But as A%, < 0, Dy > 0.we are unable to definitely sign

C% = 6Dy + Ay,

SO as
am; _6222012;1, 0
op A2 ’
aa; o 6221612,u
op Az
then

sign (%Cf) = sign (622 ) .

which may be positive or negative depending on the relative magnitudes of A%,
and Dlg.

So if the effects of mitigation on marginal adaptation cost is strong enough, mit-
igation leads to lower marginal damage costs from adaptation, so C2, < 0, hence
increasing mitigation costs will reduce both mitigation and adaptation.

The conclusion is obvious — lowering costs of mitigation increases mitigation which
slows Climate Change and makes adaptation more effective. So now mitigation and
adaptation would be complements.

6 Endogenising Risk

We now allow for uncertainty about damage costs. Let 7 be the probability of positive
damage costs, 1 — 7 the probability of no damage costs. We assume that 7 depends
on a parameter, p. In this section we also allow for 7 to depend endogenously on
the level of mitigation. This yields a model similar to the previous section but with
endogenous risk along the lines suggested by Kane and Shogren (2000). However
mitigation only affects the probability of damage and not its level which depends
solely on the amount of adaptation. The analysis provided here shows that we obtain
the same general conclusion that mitigation and adaptation will be substitutes, and
so that our result from the previous section is robust to extension to endogenous
probability.

12



The objective function is now as follows:
mnin 7 (p;m) D (a) + M (m) + aA(a),

where we have 2% < 0, 22 > 0, £% > 0, and 525 < 0; D' < 0, D" > 0, A’ > 0,

A">0 M >0, M" > 0.
The first order conditions which determine the optimal mix of mitigation and

adaptation are as follows:

on
M +—D = 1
to 0. (15)
aA '+ 7 (p,m)D =0 (16)

Next we do comparative statics analysis. First the first order conditions differentiate
with respect to p, we have

da om o

o0 o T oy
Oa om 0*n

n—tu—-—=-—
Sap ‘ dp dpom
where we have z; = 7D" +aA” >0, 29 = 23 = g—;D’ >0, z4 =
A = z124 — 2923 > 0. It proves that

Oa 1 on 0*r
53 (-57) = (5em?)]

om 1 0*m or _,
5 =5 2 (-ma) = (57)]

So We obtain the result that if the “cross effects” are negligible, i.e., 20 = 23 = 0,
then <> (), and > (), so increasing risk of damages increases both mltlgatlon and
adaptatlon

Next differentiating the first order conditions with respect to «, we have

=D+ M" >0, and

8m2

da om ,
21% + 223_ =—-A,
z % +z om =0
38 178 Do ;
This proves that
Oa 1,
% —ZZ4A <0
om 1 ,
a—a = ZZ;J,A > 0.

and so that we have the result that mitigation and adaptation are substitutes. which
is what we obtained in section 1.

13



7 Conclusions

In general, we show that adaptation and mitigation will be substitutes. This just
reflects the rather mild assumption that an increase in mitigation reduces the marginal
reduction in damage costs that can be achieved by adaptation. When is it possible
for complementarity to occur? We found that it is possible for such complementarity
in the case that adaptation costs depend on the amount of mitigation. The case of
maladaptation is often suggested as another reason why mitigation and adaptation
could be complements. However, it is only possible if there were sub-optimal policies
in other parts of the economy, and a clear policy recommendation emerges that the
causes of this sub-optimality should be removed. But clearly, special requirements
may be needed for this to happen.

The fact that adaptation and mitigation will be substitutes confirms the view of
Kane and Yohe (2000) and Parry et al. (2000) that we need to have an integrated
approach to adaptation and mitigation, and we cannot rely on either mitigation
alone or adaptation alone to deal with climate change. This result does not change
if we introduce endogenous risk into the model. It only changes when we make the
adaptation cost depend on the amount of mitigation.

Only in the case where the effects of mitigation on marginal adaptation cost is
strong do we get that increasing mitigation costs will reduce both mitigation and
adaptation. So that lowering the costs of mitigation increases mitigation which slows
Climate Change and makes adaptation more effective. Here mitigation and adapta-
tion would be complements.
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