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Abstract

The effects of large-scale changes to the natural environmental are often
uncertain. In many cases, it is only possible to learn these effects by allowing
for some change. However, this can induce a risk of losing control over such
an “experiment”; processes might be initiated that drive the system towards a
new equilibrium, irrespective of whether this is desirable or not. In this paper,
we analyze a simple model of experimenting with change that captures these
points: the explorative argument (benefits of learning) as well as the “slippery
slope” argument (losing control). Our study thereby extends the literature
on (quasi-) option values by considering a setting where information is not
gained by waiting but only by acting. We show that in such a setting, it
is surprisingly often optimal either to abstain from initiating change or to
only experiment on a small scale. Large-scale “experiments” with the natural
environment also can be optimal, but under much more stringent conditions
than a conventional analysis would suggest.
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1 Introduction

Since a long time, mankind has caused substantial changes to the natural and cul-
tural environment in which it exists. Even in the fifth century B.C., Herodotus
comments on large scale changes to the natural environment caused by human ac-
tivity. More recently, the french revolution, industrialization, and advances in ICT
have altered the conditions of human existence profoundly. Climate change, the
introduction of GMOs in agricultural systems, or European integration provide ex-
amples of ongoing experiments with large-scale changes.

Many of the above changes have turned out to be beneficial. However, a com-
mon trait of all these examples is that at the time where change has been initiated,
its eventual effects have not been predictable. The people starting the french rev-
olution could not possibly have known how they would fare under the changed
societal conditions, nor can we foresee today what the eventual effects of an un-
mitigated climate change might be. For such large-scale changes, it is even fair
to argue that the effects can only be learned by experience. We cannot possibly
predict how ecosystems and human societies will respond to a drastically changed
climate; if we want to know for sure, we have to experience climate change at least
to some extent.

However, experimenting with large-scale changes involves substantial risks. If
climate change turns out to have drastic or even catastrophic consequences, it might
have been better not to conduct such a global experiment. Furthermore, it might
well be that, by allowing for some change to happen, we might lose control of the
experiment. Positive feedback effects in the climate system might accelerate the
change to an extent, where it becomes impossible to go back to the present state
of our natural environment even on a very long time-scale. Similarly, GMOs intro-
duced into the natural environment might spread in a way that makes it impossible
to limit their geographic range.

In a social or cultural context, the latter problem is often referred to as stepping
onto a slippery slope; we might initiate a process that we cannot stop and that leads
to a state where we do not want to be. In fact, the “slippery slope argument” is
pervasive in discussions on major social or environmental changes. Conservatives
frequently argue that it is better not to experiment with such changes, because even
a small step might entrap us in a detrimental but unstoppable process; we risk
skidding down a slippery slope to an unpleasant end.

Surprisingly, economists have not fully taken up these points in their analysis
of environmental change. The essence of both arguments, the explorative view of
change and the danger of losing control, is not captured in most of economic stud-
ies of this problem. Since the seminal contribution of Arrow and Fisher (1974),
uncertainty has received considerable attention in the analysis of environmental
change. But most studies assume that uncertainty is resolved over time, irrespec-
tive of whether change is initiated or not. This is a “become wise by waiting”
perspective that offers no incentives for experimenting with change. Furthermore,
once better information is available, change can be stopped (albeit not always re-
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versed), which does not allow for a “slippery slope” type of argument. Thus the
trade-off between learning from an “experiment” and the risk that this experiment
might run out of control is not covered.

Seen from this perspective, existing studies that use the Arrow and Fisher set-
ting are useful for understanding and assessing the effects of uncertainty and irre-
versibility in small- and medium-scale projects. In such a setting, the consequences
of comparable projects can be observed, so that uncertainty is indeed reduced
by waiting. However, they are not applicable to fundamental or global changes
whose novelty of scope exclude such a “learning by waiting” approach. But with
the advent of global environmental changes, such as climate change, the question
whether risky experiments should be undertaken has become increasingly relevant.

In this paper, we study this question in a simple and highly stylized setting that
is strongly inspired by Arrow and Fisher (1974). We consider a setup where a so-
cial planner has to choose between an existing and well-known equilibrium state
and a second feasible equilibrium that has unknown properties. To gain informa-
tion about the second equilibrium, the social planner can initiate a change towards
this equilibrium. However, this carries a risk of not being able to return to the orig-
inal state, if this information indicates that a change to the second equilibrium is
detrimental to social welfare.

We show that it will often not be optimal to experiment with such changes or to
keep the experiment as small as possible, thereby reducing the costs of returning to
the original state. Only if the second equilibrium is expected to have very attractive
properties, large-scale experiments are worthwhile. In such cases it will usually
be optimal to move directly to the second equilibrium, foregoing any chances of
returning.

As we assume risk-neutrality, as in Arrow and Fisher (1974), these results are
probably biased towards risking change. Thus our results suggest that experiment-
ing with global changes will often not be a bright idea.

In the following, we briefly discuss how our work relates to existing studies.
Then we present our model and deduce its implications. Finally, we relate our
results to the well-known (quasi-) option value of avoiding irreversibility.

2 Review of the Literature

Our paper most closely relates to the ideas and results discussed in the classical
quasi-option value literature. The origin of this branch is usually associated with
Arrow and Fisher (1974). Other prominent authors in the field are Henry (1974)
and Dixit and Pindyck (1994). A comprehensive overview of concepts can be
found in Mäler and Fisher (2005).

The model presented by Arrow and Fisher (1974) discusses the decision prob-
lem of making an investment at the cost of irreversibly giving away another asset.
While the current valuations of the asset and the investment are known, the future
valuations are uncertain. The authors then show that an agent with linear utility
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function, from today’s point of view, turns to exhibit “risk-averse” preferences re-
garding this sort of investment. Hence, the agent shows more conservatism than
within an equivalent problem where irreversibility is absent.

Henry (1974) analyzes a similar setting with more than two periods. Analo-
gously to Arrow and Fisher (1974), he shows that if the social planer simply re-
places random variables by their expected values in a dynamic optimization prob-
lem, she gets more inclined to take irreversible decisions. The reason is that future
(optimal) reactions to newly arriving information are not fully accounted for. Both
observations are two sides of the same coin and for them the term “irreversibility
effect” became prominent in the literature.

The two “classical” contributions mentioned above have a pronounced focus
on investment decisions in a public good and environmental context. On the other
hand Dixit and Pindyck (1994) focus on investments made in a private sector. They
use a continuous time setup, so that their investment problem slightly differs from
Arrow and Fisher (1974); Henry (1974) but sticks to the same basic idea.

The “value of waiting”, “real option”, or “quasi-option” value, which is de-
duced in all these models, is equivalent to the value of newly arriving information
as shown by Conrad (1980). It only exists when flexibility is preserved. Hence it
promotes conservatism. As is shown in Mensink and Requate (2003), there are,
however, conceptual differences in the definitions of the quasi-option between Ar-
row, Fisher, Henry and Hanemann (also referring to Hanemann (1989)) and Dixit
and Pindyck (1994).

Related to this literature, Epstein (1980) advances a definition of “informative-
ness”. In Epstein’s model the agent can wait for a “scientific” signal and will up-
date his beliefs about the true state of the world following Bayesian rules. Epstein
then shows that when a certain functional assumption is met and the distribution
over all possible scientific signals is regarded as more informative, the agent is
more inclined to take decisions today that leave more flexibility tomorrow. Simply
put, if more information is expected to be gained through waiting, more waiting
is promoted. However, in comparison to Arrow and Fisher (1974) and our work
the utility function is assumed to be non-linear. Connecting to Epstein (1980),
Jones and Ostroy (1984), Gollier et al. (2000) as well as Salanié and Treich (2009)
analyze the relation between expected information and flexibility.

What is common to these studies is that, ultima ratio, all new future infor-
mation will be received independently of the agents decisions. Decisions only
influence the way one can react to new information. In that sense there is no need
to “try to see” in these models. Our model differs in that the only way to learn
is to conduct an experiment. Additionally, the expected amount of newly gained
information depends on today’s decision.

Furthermore, in the above studies, the degree of irreversibility of a certain ac-
tion is deterministic. In contrast, our model treats irreversibility as not a priori. It
sets in as soon as the agent steps on the slippery slope. The probability for this
event is endogenous: Being too curious can be dangerous.

Especially in the context of climate change, some authors stress the existence
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of “endogenous risk” such as Chichilnisky and Heal (1993); Fisher and Narain
(2003). They argue that the probabilities for catastrophic events are often falsely
considered as exogenous. Fisher and Narain (2003) provides a model incorporating
endogenous catastrophic risks but not endogenous information.

A conceptually different approach is used in Nævdal (2006) and Nævdal and
Vislie (2012). Here, the controlling agent is faced with the risk of a catastrophic and
irreversible environmental or social change. The change sets in immediately when
the amount of an agent-controlled stock crosses an uncertain threshold. In Nævdal
and Vislie (2012) a “precautionary tax on current resource extraction” is derived
which can be levied upon the stock pollutant generating economic activity. This
tax prices the externality generated by nearing the stochastic bound and thereby
spurring the risk of a catastrophe and associated social costs. At the same time,
it is optimal to build up more reversible capital to insure against possible future
losses. These models incorporate high endogeneity with respect to the probability
of catastrophic events. But they also do not include the “try to see” component.

From the newer literature the work of Attanasi and Montesano (2011) comes
most close to our approach. They analyze a model where development increases
the probability for disclosure of the true state of the world. Hence, there both
exists exogenous and endogenous information. Therefore, development promises
an additional “testing value” to the agent. The agent is assumed to be risk-neutral
as in Arrow and Fisher (1974) and our model. One result is that the presence
of endogenous information not necessarily spurs development but can also lead to
more conservatism. In our paper all information is endogenous. However, our work
differs from the contribution of Attanasi and Montesano (2011) by the slippery
slope argument.

3 The Model

We use a highly stylized model to describe the decision whether to experiment
with change when there is a danger of losing control. Assume that there is a so-
ciety, represented by a social planner, that lives in a given setting of natural and
cultural conditions. This setting is assumed to be an equilibrium, that is, it does
not change without action being taken by this society. There is a second possible
equilibrium, which the society can reach via taking some action. However, it is
unknown whether this second equilibrium is better or worse in terms of achievable
well-being than the current one. To get an idea about the quality of the second equi-
librium, the society has to move towards this equilibrium. Thereby, it will learn the
more about this equilibrium, the closer it moves towards it.

However, once a change towards the second equilibrium is initiated, there is an
inherent dynamic that drives the system towards this second equilibrium. If these
dynamic forces are not too strong, society can overcome them and return to the
original equilibrium. But as the strength of these forces are also unknown in the
beginning, there is a risk that once a change is initiated, it will lead to the second
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equilibrium regardless of whether this is desired or not.
To keep the model tractable, we use a very simple temporal setup to describe

this situation. There are three periods. In period 0, society is in its current equi-
librium and decides whether to initiate a change or not. The quality of the existing
equilibrium is known, but that of the second equilibrium as well as the strength of
the inherent dynamics of the system are unknown. In the second period, society
learns the strength of the dynamics and gets some information regarding the qual-
ity of the second equilibrium, but only if change has been initiated. Otherwise, no
information is gained. In this second period, society also decides whether to move
towards the new equilibrium, return to the old one (if this is feasible), or stay in
the current disequilibrium (at some costs, as the system has to be kept artificially
in this state). In the third period, the consequences of this decision are played out;
no further action can be taken.

This is a simple but convenient depiction of the problem of learning on a slip-
pery slope. Information can be gained only by experimenting with change, but such
an experiment always includes the danger of running out of control; once initiated,
a change might turn out to be both highly undesirable and unstoppable. The setting
is a stylized description of current problems of social or environmental change.
For example, we do not know whether a world with widely distributed GMOs is
better or worse than our present world. To learn this, we have to introduce GMOs
into natural systems but this includes the risk that they spread beyond our control.
Similarly, we do not know the consequences of climate change for human well-
being and cannot learn these consequences without experiencing climate change at
least to some extent. However, climate change might be irreversible. Finally, so-
cial changes, such as enhanced political and economic integration in Europe, have
uncertain consequences that cannot be predicted. However, starting those changes
might lead to dynamics (such as change of trade patterns and migration) that cannot
be simply reversed.

In line with Arrow and Fisher (1974), we use a very simple formal structure to
model and analyze this setting. In particular, we also use a linear model and very
simple “dynamics” to highlight the effects of learning by experimenting and of the
risk of losing control. Assume that human well-being depends both on an aggregate
“state of nature” x and actions taken that change this state h. In each of the three
periods, temporal well-being is given by a weighted sum of these variables:

wt = α xt + ht. (1)

Thus we model a risk-neutral society that receives an instantaneous reward from
altering its conditions (via ht) with the consequences being accounted for in a later
period. We normalize our setting by assuming x0 = 0. If the society decides not
to initiate change, its well-being equals zero in all periods.

The second equilibrium is characterized by

xeq = β − η, (2)
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with β > 0 being known and η ≥ 0 being a random variable that is unbounded
above and has the expected value η̂ > 0. This describes a situation, where the
effects of changing to the new equilibrium have a known upper limit but no lower
limit. It captures the idea that we are already in a rather good situation, so that
maximal possible losses are far greater than maximal possible gains. Note, how-
ever, that we do not impose a probability distribution on η, so that large losses may
or may not be rather unlikely.

A change to the second equilibrium is initiated by choosing an h0 ∈ [ε, 1],
with 0 < ε � 1, whereas h0 = 0 implies that the society stays in the current
equilibrium. In the latter case, the process is finished; society remains at x0 for all
periods.1 In contrast, if an h0 ≥ ε is chosen, the system moves to an intermediate
state. The parameter ε describes the minimal change that is necessary to learn
something about the second state.

The intermediate state is characterized by

x1 = x0 + h0 (β − η0) . (3)

This intermediate state thus represents an interpolation between the original and the
second equilibrium. The larger the initial change h0 is, the closer this intermediate
state is to the second equilibrium. For h0 = 1, the new equilibrium is reached
immediately.

When moving to this intermediate state, society observes the random variable
η0 which provides information both regarding the quality of the second equilibrium
and regarding the strength of the inherent dynamics. We assume that η0 has the
same properties as η, in particular, we have η0 ≥ 0 and η0 is unbounded above.

However, for h0 < 1, the information regarding the quality of the second equi-
librium is imperfect; some uncertainty remains. To model this, we assume that the
second equilibrium is characterized by

xeq2 = x0 + β − (η0 h0 + η1 (1− h0)) , (4)

where η1 is a random variable with the same distribution as η0. Thus the η in Eq.
(2) is a convex combination of two random variables with the same distribution.
The more change society risks, the more it gets to know about the second equilib-
rium.

But more change implies a higher risk of losing control. We assume that the
inherent dynamics are given η0 h0, that is, if society wants to stay at x1, it has
to choose h1 = −η0 h0. If it wants to return to the original equilibrium, it has
also to undo the original change, that is, to set h1 = − (1 + η0) h0. To model
a loss of control, we assume that h1 ∈ [−1, (1 − h0)]. Thus society can at most
affect an accumulated change of 1 (which suffices to get into the new equilibrium).
Furthermore, its ability to reverse the initial change is limited. If η0 turns out to be

1This is a necessary assumption in a model with finite number of periods. It ensures that if a
change is initiated, all costs of the change occur within the modeled periods.
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large, it can be impossible to return to the initial equilibrium or even to stay at the
intermediate state. This models the slippery slope.2

To close the model, we need some additional assumptions. First, we assume
that if society wants to stay at the intermediate state, it has to set not only h1 =
−η0 h0 but also h2 = −η0 h0. This captures the idea that it is costly to prevent
the system from moving according to its inherent dynamics. In our above exam-
ples, these costs might represent the costs of limiting the spread of GMOs to a
certain number of locations or the costs of climate engineering, that is, of techni-
cally removing GHGs from the atmosphere. In contrast, if society moves to either
equilibrium, we have h2 = 0.

Second, we assume that whenever h1 > −η0h0, the system reaches the second
equilibrium in period 2. This is a strong simplification, as we neglect the duration
of the adjustment process. However, all that is lost content-wise is the option to
delay an inescapable decline to an undesired state of nature. Similarly, we neglect
the option to move the system to a state in-between the original and the interme-
diate state; if society wants to return to the original state but cannot achieve this,
it can only choose between artificially keeping the system in the intermediate state
and going forward to the new equilibrium. Again, this is a strong simplification,
but it does not remove substantial content from the analysis.3

Furthermore, we assume that the social planner uses a discount factor δ when
aggregating the expected welfare over periods. We assume 0 < δ < 1 and αδ > 1.
The first condition is standard. The second one excludes cases where a change
is solely undertaken because of the direct positive effect of the change on current
welfare (h) and not because society sees a chance to switch to a better state. It is
thus a helpful condition to focus the model on the essence of the problem.

Finally, we assume that ε is sufficiently small, so that the risk of losing control
if negligible, if h0 = ε is chosen. This implies that Prob(η ≥ (1− ε)/ε) ≈ 0.

Altogether, our model has five parameters: The parameter α > 0 describes
the welfare attached to the state of nature relative to the immediate benefits of
changes. A higher α thus places more weight on the outcome of a change than on
the benefits acquired during the transition process. The discount factor δ describes
the weight given to future periods. Finally, β and η̂ capture the current knowledge
regarding the quality of the second equilibrium. Note that, by our assumptions, we
have η̂ = η̂0 = η̂1 > 0. Finally, ε describes the minimal amount of change that is
necessary to gain any information about the quality of the unknown equilibrium.

2In addition, we assume that it is impossible to move back further than to the original state.
3In fact, if we assume that all h1 < −η0 h0 directly lead to the original equilibrium, which would

be the other extreme assumption that is feasible in a three-period setup, we get the same qualitative
results; only the boundaries reported in the next section shift somewhat.

8



4 Learning on a Slippery Slope

Although the model appears to be simple, it admits rather complex optimal behav-
ior. The reason is that optimal behavior in period 1 depends both on the information
received in period 1 and on what has been done in period 0. In fact, there are five
different possible actions in period 1, if change has been initiated: (i) Society might
decide to move on to the new equilibrium; (ii) it may stay at the intermediate state;
(iii) it may return to the original equilibrium; (iv) it might want to return but cannot;
(v) it might want to stay at the intermediate state but cannot. This will lead to three
outcomes, namely moving to the second equilibrium, staying at the intermediate
state, or returning to the original equilibrium. We will refer to these outcomes as
moving on, staying, and returning.

Before we formally analyze the model, it is helpful to discuss some of the
incentives for choosing among these different outcomes. It is obvious that if η is
small in comparison to β, society will want to move on to the second equilibrium.
Thus depending on the relative size of η̂ and β, we can expect different patterns of
optimal behavior.

However, expecting a small η and observing a small η0 in the first period can
have very different effects. If we observe a small η0 without moving far, this might
turn out to be misleading information about the second equilibrium (cf. Eq. (4)).
Thus it might be a good idea to stay where we are, despite the inherent costs of
staying in a disequilibrium described in the preceding section.

Finally, the observed η0 provides not only information about the second equi-
librium but also about the costs of staying or returning. Thus depending on the h0
that has been initially chosen, it might be a good idea to respond to a high η0 by
returning (if h0 is small, so that the costs of returning are small) or to move on to
the second equilibrium (for a high h0, as the costs of returning or staying might be
too high).

Due to the action-dependent revelation of information, none of the standard
solution concepts of dynamic optimization can be directly applied. Rather, we have
to solve the model via backward-induction. We thus first characterize the choices
in the first period, taking into account their implications for the second period.
Then we combine this information to see under which conditions it is optimal to
experiment with change and under which conditions conservatism is rational.

Assume that society has chosen an h0 ≥ ε and thus observed η0. Then, from
the perspective of and with the information available at period 1, expected dis-
counted welfare (periods 1 and 2) equals

E (won1 ) = α δ(β − η̂) + h0 (α (β − (1 + δ) η0 + δ η̂)− 1) + 1, (5)

if society moves on;

E
(
wstay1

)
= h0 (1 + δ) (α β − (1 + α) η0) , (6)
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if society stays;

E
(
wret1

)
= h0 (α β − 1− (1 + α) η0) , (7)

if society returns to the original equilibrium.
Comparing these welfare levels shows which behavior is optimal in period 1.

Due to the complexity of possible settings, we will do this comparison separately
for four intervals of β. We will start out with the case where the new equilibrium is
expected to be worse than the current one. All proofs are provided in the appendix.

Lemma 1. Assume 0 ≤ β ≤ η̂ − 1
α −

2
α δ . Under this condition, there are two

intervals of h0 that differ regarding the optimal choices in period 1:

(a) For ε < h0 ≤ (1+α) δ
1+δ (1+α β+α) , it is optimal to

(1) stay, if η0 ≤ 1+α δ β
(1+α) δ ,

(2) return, if 1+α δ β
(1+α) δ < η0 ≤ 1−h0

h0
,

(3) stay, if 1−h0
h0

< η0 ≤ min[ 1
h0
, (1+α δ (β−η̂)) (h0−1)h0 (1+δ) ],

(4) and to move on in all other cases.

(b) For h0 >
(1+α) δ

1+δ (1+α β+α) , it is optimal to

(1) stay, if 0 < η0 ≤ min[ 1
h0
, (1+α δ (β−η̂)) (h0−1)h0 (1+δ) ],

(2) and to move on otherwise.

The setting of Lemma 1 is depicted in Figure 1. The figure shows the two
intervals for h0 and the corresponding regions where it is optimal to move on, stay,
or return, as well as the regions where there is a loss of control.

With Lemma 2 we describe optimal period 1 behavior in a world where β
is slightly bigger than in the world of Lemma 1. The prospects about the final
equilibrium have become a little bit more promising, but still are not exceptionally
good.

Lemma 2. Assume 0 ≤ η̂ − 1
α −

2
α δ < β ≤ η̂ − 1

α δ (or η̂ − 1
α −

2
α δ ≤ 0 ≤ β ≤

η̂ − 1
α δ ). Under this condition, there are three intervals of h0 that differ regarding

the optimal choices in period 1:

(a) For ε < h0 ≤ (1+α) δ (1+α δ (β−η̂))
α δ (1+β (α δ−1)−(1+α) δ η̂)−1 , it is optimal to

(1) stay, if η0 ≤ 1+α δ β
(1+α) δ ,

(2) return, if 1+α δ β
(1+α) δ < η0 ≤ 1−h0

h0
,

(3) and to move on in all other cases.

(b) For (1+α) δ (1+δ α (β−η̂))
α δ (1+β (α δ−1)−(1+α) δ η̂)−1 < h0 ≤ 1− 1+α δ β

α δ (1+η̂)−1 , it is optimal to
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move on*
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move on*
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return

stay*

move on*

Part 1 Part 2

(*slipping)

Figure 1: Case 0 ≤ β ≤ η̂ − 1
α −

2
α δ . Regions in which it is optimal to move on,

return, or to stay, as well as regions in which control is lost. All regions depicted as
a function of h0 and η0. Part 1 and 2 refer to the intervals of h0 identified in Lemma
1. Here, for example, stay* refers to a region where society wants to return, but
cannot and, hence, stays.

(1) stay, if η0 ≤ (1+α δ (β−η̂)) (h0−1)
h0 (1+δ) ,

(2) move on, if (1+α δ (β−η̂)) (h0−1)
h0 (1+δ) < η0 ≤ 1+α δ (β−η̂ (1−h0))

h0 (α δ−1) ,

(3) return, if 1+α δ (β−η̂ (1−h0))
h0 (α δ−1) < η0 ≤ 1−h0

h0
,

(4) move on, if η0 > 1−h0
h0

.

(c) For h0 > 1− 1+α δ β
α δ (1+η̂)−1 , it is optimal to

(1) stay, if η0 ≤ (1+α δ (β−η̂)) (h0−1)
h0 (1+δ) ,

(2) and to move on otherwise.

The situation of Lemma 2 is depicted in Figure 2. Analogously, the intervals
for h0 given in the figure correspond to the intervals identified by Lemma 2.

The settings of Lemmata 1 and 2 are qualitatively very similar. In the setting
of Lemma 1 society regards move on as optimal only in a very small h0-η0 region;
staying or returning usually are considered as the better options. Therefrom this
setting includes the risk of slipping in the sense of wanting but not being able to

11



h0

η0

move on

stay

move on*

return

retu
rn

move on

stay

move on move on

Part 1 Part 2 Part 3

1 0

0
 

(*slipping)

Figure 2: Case η̂ − 1
α −

2
α δ < β ≤ η̂ − 1

α δ . Regions in which it is optimal to
move on, return, or to stay, as well as regions in which control is lost. All regions
depicted as a function of h0 and η0. Part 1,2,3 refer to the intervals of h0 identified
in Lemma 2. Here move on* indicates an area where it would be optimal to return
but, since this is not possible, move on becomes the preferred action.

stay. Lemma 2 on the other hand describes a world where this risk is not present by
the fact that society is rather wants to finish a started experiment instead of staying.
Hence the 1/h0 bound does not play a role.

Note that it is usually optimal to stay, if the observed η0 is small. The reason is
that in these worlds, where β tends to be small, society expects that another “draw”
of the random variable will lead to an outcome that is so much worse than staying
that it pays to endure the costs of staying in the intermediate state. However, the
larger the initial h0 has been, the smaller becomes the region in which it is optimal
to stay, as the observed η0 gets more predictive power regarding the quality of the
second equilibrium. Thus a large-scale experiment (h0 close to one), should either
be totally abandoned (i.e., returning to the second equilibrium) or followed through
completely.

In contrast, a small-scale experiment (h0 close to zero) will never be finished
voluntarily in the settings of Lemma 1 and 2; society will stay or return to the
original equilibrium. It will only move on, if it loses control over the experiment.
The reason is that a small-scale experiment has not much predictive power.

Next, we consider the case of a slightly larger β and thus a somewhat higher
incentive to move to the second equilibrium.
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Lemma 3. Assume η̂ − 1/(α δ) < β ≤ η̂ + 1 − 2/(α δ). Now, there are two
intervals of h0 that differ regarding the optimal choices in period 1:

(a) For ε < h0 ≤ 1− 1+α δ β
α δ (1+η̂)−1 , it is optimal to

(1) move on, if 0 < η0 ≤ 1+α δ (β−η̂ (1−h0))
h0 (α δ−1) ,

(2) return, if 1+α δ (β−η̂ (1−h0))
h0 (α δ−1) < η0 ≤ 1−h0

h0
,

(3) move on, if η0 > 1−h0
h0

.

(b) For h0 > 1− 1+α δ β
α δ (1+η̂)−1 , it is always optimal to move on.

Thus for larger values of β, there are less different outcomes in period 1. In
particular, it is never optimal to stay. Compared to the settings of Lemmata 1 and 2,
the second equilibrium is expected to have sufficient quality that, even if a small η0
has been observed, it is never optimal to bear the costs of staying at the intermediate
state. Consequently, the first cases of Lemma 1 or Lemma 2 disappear, as this cases
have been based on staying/returning always dominating moving on.

Finally, we examine the case of a large β, which corresponds to a setting where
there are strong incentives to move to the second equilibrium.

Lemma 4. Assume that β > η̂ + 1 − 2/(α δ). Then it is always optimal to move
on.

In this case, behavior in the second period is simple. Again, it is never optimal
to stay. In addition, for this range of β, society only wants to return, if it cannot
do so. Thus it always moves on, either because it wants to or because it has lost
control.

Together, these four lemmata fully describe the optimal behavior in period 1.
We now use this information to assess what is optimal in period 0, that is, before η0
has been observed. Should society start an experiment where it might lose control
or not? The following proposition partly answers this question.

Proposition 1. Assume that α ≤ 1+η̂
δ η̂ . For the following intervals of β, optimal

behavior in period 0 can be characterized as follows:

(a) For β ∈
[
0, η̂ − 1

α δ

]
, it is never optimal to experiment, that is, it is optimal

to set h0 = 0.

(b) For β ∈
[
η̂ − δ (1−ε)+ε

α δ2+α δ ε
, η̂ + 1

α −
1
α δ

[
, it is optimal to conduct an experi-

ment ε ≤ h0 ≤ 1− 1+α δ β
α δ (1+η̂)−1 .

(c) For β ≥ max
[
η̂ + 1− 2

α δ , η̂ + 1
α −

1
α δ

]
, it is optimal to go directly to the

unknown equilibrium, that is, to set h0 = 1.
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It is important to note that these results hold for all distributions of η that con-
form to our assumptions; we have not used a particular distributional assumption.
For this reason, Proposition 1 does not cover all possible cases in terms of β. There
is a gap between Part 1 and Part 2 (which vanishes for ε→ 0) and, if α < 1 + 1/δ,
there is a gap between Part 2 and Part 3. In these gaps, optimal behavior depends
on the particular distribution of η.

When we drop the assumption of α ≤ 1+η̂
δ η̂ , we cannot exclude interior op-

timal solutions under Part 1 of the proposition, and accordingly results become
distribution dependent. A natural question then is: Is the condition α ≤ 1+η̂

δ η̂ in
proposition 1 restrictive? The answer is: It depends. We would naturally assume
that 0 < δ ≤ 1. This says that in the most stringent case – namely when δ = 1
– we restrict to α ≤ 1 + 1

η̂ . In that case α is still allowed to be bigger than 1.
Therefore, if we think that current generations probably are not that much affected
by stocks but more by flows, this assumption is not particularly restrictive. But if
we think otherwise, proposition 1 may not give us the answer we hoped for.

Furthermore, assume that we place more emphasis on the wellbeing enjoyed in
the last period than in the second period. Meaning we introduce a different, smaller
discount factor for the second period. Then the needed upper bound on α, to ex-
clude interior solutions, will become more restrictive. Since we want to account
for these possibilities will show some numerical examples in the next section.

Even without covering all possible cases, Proposition 1 provides substantial
insight into the problem of experimenting with large-scale changes. To interpret
this result, it is helpful to put it into perspective by comparing it to alternative
settings.

As a first comparison, assume that learning is impossible before the new equi-
librium is reached. As the model is linear, society will thus either not initiate
change at all or switch completely to the new equilibrium. The latter is optimal if
and only if

β ≥ η̂ − 1

α δ (1 + δ)
. (8)

This boundary (from which on change should be initiated in the comparison case)
is strictly larger than the upper boundary of Part 1 of Proposition 1 and strictly
smaller than the upper boundary of Part 2. Thus compared to a case where learning
is impossible, learning on a slippery slope should be initiated in more cases.

Equation (8) is the boundary from which on a full change is better than no
change at all, given the information available in period 0. That this boundary lies
below the level where a full change is optimal in our setting, highlights the rele-
vance of learning. Even if we expect a full change to be beneficial, it can be optimal
to “test and see”, that is, to induce a small change and base further change on the
observed effects.

This effect goes into a similar direction as the “wait-and-see” effect derived
in Arrow and Fisher (1974). It is thus instructive to compare our results to those
derived from a setting, where society can learn the complete property of the second
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equilibrium by waiting for one period. In this case, an immediate change (i.e., to
forego learning by not waiting) is only optimal if

1 + α δ (1 + δ) (β − η̂) > α δ2 E
(

max

[
0,

1

α δ
+ β − η

])
. (9)

The implied boundary is greater than that in Eq. (8) and (depending on the distri-
bution of η) will often fall into the range of Part 3 of Proposition 1. Thus compared
to a “wait-and-see” setting, our setup implies a higher propensity for experiment-
ing with change and, in many cases, even a higher propensity to go directly to the
unknown equilibrium.

Thus our result clearly shows the benefits of experimenting with change to gain
knowledge. Compared both to a “wait-and-see” setting and a setting without the
option of gathering information, change should be initiated more often. Although,
its is optimal in some cases to keep change as small as possible while still allowing
for learning.

However, our result also highlights that there are many cases, where experi-
menting with change is not a good idea. Given our assumptions, this is not trivial
but rather a somewhat surprising result. We have assumed that the minimal experi-
ment can always be undone and that, due the linearity of our setting, the net costs of
revoking a change are rather small, if the change has been small. Furthermore, we
have assumed risk neutrality. All these assumptions obviously favor experimenting
with change. Indeed, one might expect that in our setting it will usually be optimal
to conduct at least limited experiments.

However, this is not the case for two reasons. First, observing the effects of
small changes provides only limited predictive power regarding the properties of
the unknown equilibrium. If we want to gain substantial knowledge, we have to
risk larger changes. But as Lemmata 1 and 2 show, larger changes will not be
revoked in many cases, either because the costs are to high or because it turns out
that reversing the change is impossible. As society anticipates that larger changes
will often not be undone, even if they turn out to have detrimental effects, it will
not initiate such changes in many cases.

This captures the idea of a typical slippery slope argument: We should not
experiment with substantial changes, as we know that they might not be undone,
even if they turn out not to be beneficial. Our results show that this argument
has indeed merit. If the expected outcome of changes is not much better than the
present state (which would be the case in Part 3 of Prop. 1), we should either
not experiment at all or do an experiment that is small enough to avoid the risk of
inducing irreversible dynamics.

In fact, the boundary set in Part 3 of Proposition 1 implies that an immediate
all-out change is only optimal, if β − η > 0, that is, if the unknown equilibrium is
expected to be strictly better than the current one. Given that the change by itself
induces a welfare gain (via h0), this indicates a surprisingly strong tendency to
being conservative regarding large-scale changes.
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Finally, our results provide one additional insight. Assume that society has
started a change although this is not optimal. Then Lemmata 1–4 indicate that
it is often not optimal to undo such a change. For instance, assume that actual
conditions conform to the setting of Lemma 1 or Lemma 2. From Proposition 1
we know that it is not optimal to start experimenting in this case. However, once
the experiment has been started, it will often be optimal either to stay or even
to continue to the new equilibrium; only in a rather small set of conditions, it is
optimal to undo the initial error.

5 Numerical Analysis

This section discusses some numerical simulations to our slippery slope model.
We focus on giving some deeper intuition about the optimal choice of h0 outside
the restrictions of Proposition 1. The main results are presented in figure 3.

In increasing order of β, the figures 3a-3d show optimal period 0 behavior for
different values of α and δ. Naturally, the maximum value considered for δ is unity.
The simulations all are carried out with η being exponentially distributed and η̂ =
1. Accordingly, in the last figure 3d society takes decisions under the promising
condition of β > η̂. We consider the examined range of 0.79 ≤ β ≤ 1.01 as
sufficient to outline all relevant changes to the solution driven by β.

Generally, we present optimal behavior by demarcating the δ − α plane into
different zones where society optimally does not experiment, conducts a minimal
experiment, h0 = ε, conducts a “bigger than minimal” experiment, ε < h0 < 1, or
directly goes to the new equilibrium.

Irrespective of the size of β, we observe that for simultaneously low δ and α
society always finds it optimal to directly move to the new equilibrium. In the
identified area society obeys either Lemma 3 or 4.

The dashed lines as given in figures 3a and 3c accordingly correspond with part
3 of Proposition 1. For the cases we consider here, inside the zone of indeterminacy
between part 2 and part 3 of the Proposition usually it is optimal to set h0 = 1.
Otherwise we observe ε < h0 < 1 as optimal.

Only for the cases where β < η̂ the zone where h0 = ε is optimal appears.
Here society always finds itself in Lemma 3. The zone forms a tongue which
will always origin from the south-east corner where δ is big and α is low. The
tongue bends into north-west direction and is enclosed by the the h0 = 1 and the
ε < h0 < 1 zones. With increasing β the zone shrinks in size.

When we follow the changes to the solution over figures 3a-3c, we observe that
there are two distinct zones wherein ε < h0 < 1 is optimal. Originally these two
zones are separated by a zone where h0 = 0 is optimal. One of the two zones lies
far out north-east. The other forms a belt lying closer to the origin and connecting
to the h0 = 1 zone. Then with increasing β these two zones merge.

We conjecture that the society’s underlying motivation to conduct an experi-
ment ε < h0 < 1 is different between the two zones. The outer zone fully lies in
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Figure 3: Numerical results under the exponential distribution η ∼ λ exp[−λη],
λ = 1. The angular shaped lines demarcate different zones where h0 = 0, h0 = 1,
h0 = ε or ε < h0 < 1 may be optimal.

a δ − α area where society’s optimal second period behavior is described by Lem-
mata 1 and 2. The inner zone on the other hand primarily emerges under Lemma
3 and, very thin on its outer bound, under Lemma 2. Hence, if our conjecture is
true, even after the fusion of the two zones there must occur a change in the main
motivation to experiment, when we move out north-east in δ − α space.

With β > η̂, the area where minimal h0 = ε experiments are optimal disap-
pears. Society will always either want to directly move to the new equilibrium or
to conduct an intermediately sized experiment. Again it are Lemmata 1, 2 and 3
which underly the ε < h0 < 1 zone. The h0 = 1 zone includes cases of Lemmata
3 and 4.
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For our interpretation we start with noting that in our model the motivation to
set h0 > 0 may come from three different factors. The first incentive stems from
the state xt and sets in when society hopes that the newly reached equilibrium is
actually better than the current one. Obviously, this factor also can work on the
negative side, when the new equilibrium is expected to be inferior. The second
factor is ht itself and is just the benefit from current actions. This may concern
actions undertaken today as well as undertaken by future generations. The third
factor is the learning effect. This effect is important if society expects to extract
benefit from new knowledge about the true shape of the veiled equilibrium. For
this last factor it is particularly important how second period society is expected to
react to newly gained information.

Within the different δ − α zones we identified so far, these three factors take
different influence on the decision about h0.

Start out with the h0 = 1 zone. Here, with low δ and low α, the main incen-
tive must stem from current actions ht. This is especially true when β < η̂ since
not much improvement through xt is to be expected. Finally, the agent of period 0,
since he cares so little for future generations and the state, does not want to procras-
tinate any enjoyment of welfare from ht. When β > η̂ the decision to set h0 = 1
is motivated by both ht and the prospect of reaching a favorable equilibrium.

In the h0 = ε zone the interaction of forces is more interesting: Remem-
ber here that society will only conduct a minimal experiment under, first, the bad
prospect of β < η̂ and, second, Lemma 3. Observe as well that a minimal ex-
periment will not provide any new information to which the next generation could
react. In particular, the probability that in the second period society will simply
move on and finish the experiment is close to one since, referring to Lemma 3,
limh0→0

1+α δ (β−η̂ (1−h0))
h0 (α δ−1) = ∞. Hence, we cannot properly term h0 = ε an

“experiment” and, equivalently, learning cannot be society’s objective.
Therefore, we interpret the decision to set h0 = ε as a forwarding of enjoy-

ment through ht to the second generation. The intention to do this emerges from
the fact that δ is big and α is low; even though society does not care exceedingly
for the state and prioritizes welfare coming from current actions, it does not want
expected damage which is running through the state to be carried by two consec-
utive generations. This is a very non-standard form of showing affection towards
future generations. Mostly it is an artifact which stems from the three period world
we created.

With increasing β the h0 = ε zone accordingly shrinks since the expected
damage from the state variable becomes lower. Also, with increasing α it cannot
remain optimal to conduct a minimal experiment. The damage that will be, almost
surely, carried by the third generation gets more weight with a larger α. Hence,
society may want to never experiment at all, meaning also to prevent future gener-
ations from acting. Or it may want to conduct an experiment which actually will
generate new knowledge to which the second generation can react. For very low β
we observe that indeed h0 = 0 becomes optimal with increasing α. For the values
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of β presented here, it usually becomes optimal to conduct an intermediately sized
experiment.

This last observation directly leads us to an interpretation for the inner belt-
like ε < h0 < 1 zone, as presented in figure 3b, where δ and α are both at an
intermediate level: This is the zone where the main incentive to set h0 > 0 stems
from enjoyment through ht in period 1, but where society additionally wants to
insure against very bad final equilibria which may finally hit the third generation.
Hence, mainly emerging under Lemma 3, the agent, besides the possibility to finish
the experiment, wants to bequest knowledge to the second generation so that it
could decide to return, if necessary. Note that the low number of points emerging
from Lemma 2 may be motivated by the fact that for β very close to η̂ − 1/(α δ)
the behavioral structure of Lemma 2 gets very close to that of Lemma 3.

For even bigger α society would never experiment when β is not to large. The
expected damage to third period society, which happens in the case of slipping,
deters period 0 society from any experiment.

What then is behind the ominous ε < h0 < 1 zone lying far north-east where
both δ and α are big? We conjecture that here behavior is mainly influenced by
considerations about xt and learning. Note that we must be in Lemmata 1 or 2
and, hence, for low realizations of η0 the second and every following generation
will want to stay at an intermediate state. For low h0 finishing of the experiment
mostly will only happen involuntarily through slipping. Now, by the high emphasis
put on the state and wellbeing of future generations the consideration becomes to
bequeath a “better world”. Therefore, by setting h0 > 0 period 0 society gives
future generations the possibility to maintain an intermediate state between original
and finial equilibrium in the case η0 should turn out to be low. Note that when
β > η̂ we can never be in Lemmata 1 or 2.

Observe that the simulations show that indeed any positive expected benefit
must lie in the η0 range where the second generation decides to either stay or to, in
the case of Lemma 2, voluntarily move on4. Additionally, it can be shown that h0
will never be set so enter part 2 of Lemma 1 or part 3 of Lemma 2, a result which
also can be shown analytically.

The interpretation for the last observation is that only small to medium sized
experiments truly can generate useful information. Very large scaled experiments
only take away decision power from the second generation, mainly through slip-
ping.

The main result from this section then exactly is the fact that there are two
different motives for experimentation in a slippery slope world. One motive is
to gain new knowledge, which then at a later stage justifies the conducting of a
certain, potentially harmful action.

The other motive is the hope for a “good change” resulting from the experi-
ment.

4It is actually easy to show that E
(
wret

1

)
is always negative under Lemmata 1 and 2.

19



6 Conclusions

In this paper, we have analyzed the question whether it is good idea to experiment
with a large-scale change of our natural or cultural conditions if, on the one hand,
this is the only way to gain knowledge about the effects of such a change, but, on
the other hand, we might lose control of the experiment. In contrast to the literature
on assessing environmental change under uncertainty, we assume that information
is not gained by waiting but only by enacting change. Furthermore, we assume that
there is not only the danger of irreversibility (we cannot undo a change) but also
the risk of skidding down a slippery slope; we might not be able to stop the change
that we have initiated.

Our analysis thus reflects two arguments that often surface in the debate on
social or environmental change. First, the exploratory argument that we cannot
know whether a change is beneficial unless we have tested it. Second, the slippery
slope argument that we might start a process that we cannot or will not reverse,
even if it leads to a highly undesirable state.

Our results show that both arguments have merit. Compared to a setting where
information cannot be gained and to a setting where information always becomes
available over time, it is optimal to experiment with change in more cases in our
setup. This highlights the benefits of experimenting. However, despite using as-
sumptions that strongly favor experiments, our setting yields an optimal solution
that is surprisingly conservative in prescribing no or very limited experiments un-
der many conditions. The reason is that minor changes are often not worthwhile
(as they do not yield much information), but major changes will not be undone in
many cases, even if they turn out to be devastating (either because undoing them
is too costly or because it is infeasible). Anticipating this, it is often better not to
initiate a change at all. This is indeed a typical slippery slope argument.

Although our setting is highly stylized, it captures the essential aspects of many
current environmental problems. Should we experiment with climate change (as
we are currently doing)? Should we introduce GMOs into the natural environment?
In both cases, we cannot know the costs or benefits of such a change without ex-
periencing at least some of the change. Furthermore, in both cases there is a clear
risk that a change cannot be stopped once it has been initiated.

Our results indicate that an assessment of such policies based on expected val-
ues is misleading, as it does not take into account the option to alter decisions
once information is gained. It will therefore recommend a full change too often.
However, an analysis in the tradition of the option value literature will be too con-
servative. It assumes that we will get wise by waiting and thus neglects the benefits
of experimenting with change.

However, our results are based on very simple model and can thus only indi-
cate which arguments might have merit but cannot assess the relative strengths of
these arguments in specific settings. An adequate assessment of these arguments
in the context of specific applications will require a much more detailed model of
the change, its dynamics and effects, and more specific assumptions on the distri-
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bution of the unknown parameters. Given that even our simple setting has resulted
in a rather complex set of possible outcomes, such a detailed assessment will al-
most surely require a numerical approach. Our results simply show that capturing
both the idea of gaining information via experimenting with change and the risk
of losing control over such an experiment might be interesting and might lead to a
substantial shift in conclusions.

A Proof of Lemma 1

First assume away the risk of slipping. Comparing the different expressions for
expected welfare from Eqs. (5)–(7) pairwise shows that, under the parameter con-
straints set in the lemma, a small value of η0 favors staying, whereas a high value
of η0 favors returning. Moving on can be optimal in between:

We have the boundaries

• E (won1 ) = E
(
wstay1

)
: ηo/s(h0) = (1+α δ (β−η̂)) (h0−1)

h0 (1+δ) .

• E (won1 ) = E
(
wreturn1

)
: ηo/r(h0) = 1+α δ (β−η̂ (1−h0))

h0 (α δ−1) .

• E
(
wstay1

)
= E

(
wreturn1

)
: ηs/r(h0) = 1+α δ β

(1+α) δ (= const.).

Given the assumption α δ ≥ 1,

• for η0 ≤ ηo/s(h0): E
(
wstay1

)
≥ E (won1 ),

• for η0 ≤ ηo/r(h0): E (won1 ) ≥ E
(
wreturn1

)
and

• for η0 ≤ ηs/r(h0): E
(
wstay1

)
≥ E

(
wreturn1

)
.

Accordingly, at the boundaries the domination relationships switch.
The three boundaries will all meet at h0 = (1+α) δ (1+α δ (β−η̂))

α δ (1+β (α δ−1)−(1+α) δ η̂)−1 ≡ h̃.

Given the assumptions of Lemma 1, 0 < h̃ < 1.
For h0 < h̃: We have that ηo/r(h0) < ηs/r(h0) < ηo/s(h0) and moving on is

always dominated either by staying or returning. Optimal actions are staying for
0 ≤ η0 < ηs/r(h0) and returning for ηs/r(h0) ≤ η0.

For h̃ ≤ h0: We will have ηo/s(h0) < ηs/r(h0) < ηo/r(h0) and the in-
termediate region between ηo/s(h0) and ηo/r(h0) where moving on dominating
staying and returning appears. Accordingly, optimal actions are staying for 0 ≤
η0 < ηo/s(h0), moving on for ηo/s(h0) ≤ η0 < ηo/r(h0) and returning for
ηo/r(h0) ≤ η0.

We bring now back the risk of slipping: For 1−h0
h0

< η0 ≤ 1
h0

staying and
moving on is possible but returning is not. For 1

h0
< η0 only moving on is possible.

These restrictions may interfere with the optimal – call it “first best” – actions
identified so far and force the agent to choose “second best” or “third best”.
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The boundary ηo/s(h0) crosses 1−h0
h0

at h0 = 1. Given the assumptions of the
Lemma ηo/s(h0) will always lie above 1−h0

h0
for any h0 < 1.

Furthermore, there is an intersection between the boundary 1−h0
h0

and the bound-

ary ηs/r(h0) at ȟ = (1+α)δ
1+δ(1+αβ+α) , with 0 < ȟ < h̃ < 1. For ȟ < h0 we have

that 1−h0
h0

must lie below ηs/r(h0) and hence every time the agent sees returning as
“first best” he will be forced to choose some other action. On the other hand, when
h0 ≤ ȟ there is a positive region where the agent wants to return and is able to do
so.

Assuming h0 ≤ ȟ: For values of η0 above 1−h0
h0

the agent will optimally stay
— in the “second best” sense — as long as η0 is still below ηo/s(h0). But he can
only do so if also η0 ≤ 1

h0
. For any bigger value of η0 only the option to move on

remains. This proves part 1 of the Lemma.
In the case of ȟ < h0 ≤ h̃: For values of η0 above ηs/r(h0) returning is not

possible and, again, the agent will take the “second best” action staying if η0 is
below ηo/s(h0) and simultaneously below 1

h0
. Correspondingly, for any bigger

value of η0 it must be optimal to move on.
In the case h̃ < h0: For any η0 which lies above the boundary ηo/r(h0) the op-

tion to return has already died because η0 > 1−h0
h0

. Hence the agent will optimally
stay if η0 is simultaneously smaller than the boundary ηo/s(h0) and 1

h0
and for any

η0 value above moving on must be optimal.
The last two observations prove part 2 of the Lemma.

B Proof of Lemma 2

Proceeds in the same fashion as the proof of Lemma 1. The major difference in the
setting is that the boundary ηo/s(h0) will always lie below 1−h0

h0
for h0 < 1 and,

hence, it will always lie below 1
h0

. Therefore the event of not being able to stay is
not important.

C Proof of Lemma 3

The proof proceeds in the same way as that of Lemma 1. However for η̂−1/(αδ) <
β ≤ η̂ + 1 − 2/(α δ), the first case of Lemma 1 ceases to exist (there is always
some value of η0 for which it is optimal to move on) and the option to stay is always
dominated by the option to move on.

D Proof of Lemma 4

Again, the proof proceeds in the same way as that of Lemma 1. However now, the
first and second case of Lemma 1 cease to exist and it is never optimal to stay.
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E Proof of Proposition 1

We first have to calculate expected welfare from the perspective of period 0, taking
into account the optimal response derived above to the observation of η0. What we
get is an extensive list:

(a) For the cases where it is always optimal to move on (Lemma 4 and Lemma
3, Part 2) we get

E (wa0) = α δ2 (β − η̂) + δ + h0 (δ (α (β − η̂)− 1) + 1).

(b) Lemma 3, Part 1:

E
(
wb0

)
= h0 + δ

(
1 + h0 (α (β − η̂)− 1) + α δ (β − η̂)

+ h0 (α δ − 1) E
(

max

[
η0 −

1 + α δ (β − η̂ (1− h0))
h0 (α δ − 1)

, 0

])
+ E∗

(
h0 (1 + h0 η0 + α δ (β − h0 η0 + (h0 − 1) η̂))

h0 (1 + η0)− 1

·max

[
η0 −

1 + h0
h0

, 0

]))

(c) Lemma 2, Part 3, and Lemma 1, Part 2 (when min
[

1
h0
, (1+α δ (β−η̂)) (h0−1)h0 (1+δ)

]
=

(1+α δ (β−η̂)) (h0−1)
h0 (1+δ) ):

E (wc0) = h0 + δ

(
h0 (α β − (1 + α) η̂) (1 + δ)

+ h0 (1 + δ) E
(

max

[
η0 −

(1 + α δ (β − η̂)) (h0 − 1)

h0 (1 + δ)
, 0

]))

(d) Lemma 1, Part 2 (when min
[

1
h0
, (1+α δ (β−η̂)) (h0−1)h0 (1+δ)

]
= 1

h0
):

E
(
wd0

)
= h0 + δ

(
h0 (α β − (1 + α) η̂) (1 + δ)

+ E∗
(
h20 (1 + δ)

1− h0 η0

·max

[
η0 −

1

h0
, 0

]
·max

[
(1 + α δ (β − η̂)) (h0 − 1)

h0 (1 + δ)
− η0, 0

])

+ h0 (1 + δ) E
(

max

[
η0 −

(1 + α δ (β − η̂)) (h0 − 1)

h0 (1 + δ)
, 0

]))

23



(e) Lemma 2, Part 2:

E (we0) = h0 + δ

(
h0 (α β − (1 + α) η̂) (1 + δ)

+ h0 (1 + δ) E
(

max

[
η0 −

(1 + α δ (β − η̂)) (h0 − 1)

h0 (1 + δ)
, 0

])
+ h0 (α δ − 1) E

(
max

[
η0 −

1 + α δ (β − η̂ (1− h0))
h0 (α δ − 1)

, 0

])
+ E∗

(
h0 (1 + h0 η0 + α δ (β − h0 η0 + (h0 − 1) η̂))

h0(1 + η0)− 1

·max

[
η0 −

1 + h0
h0

, 0

]))

(f) Lemma 2, Part 1:

E
(
wf0

)
= h0 + δ

(
h0 (α β − 1− (1 + α) η̂)

+ h0 δ (1 + α) E
(

max

[
1 + α δ β

(1 + α) δ
− η0, 0

])
+ E∗

(
h0 (1 + h0 η0 + α δ (β − h0 η0 + (h0 − 1) η̂))

h0 (1 + η0)− 1

·max

[
η0 −

1 + h0
h0

, 0

]))

(g) Lemma 1, Part1 (min
[

1
h0
, (1+α δ (β−η̂)) (h0−1)h0 (1+δ)

]
= (1+α δ (β−η̂)) (h0−1)

h0 (1+δ) ):

E
(
wh0

)
= h0 + δ

(
h0(α β − 1− (1 + α) η̂)

+ h0 δ (1 + α) E
(

max

[
1 + α δ β

(1 + α)δ
− η0, 0

])
+ E∗

(
h20 (1 + δ (α β − (1 + α) η0))

h0 (1 + η0)− 1
max

[
η0 −

1− h0
h0

, 0

]

+ h0 (1 + δ) max

[
η0 −

(1 + α δ (β − η̂)) (h0 − 1)

h0 (1 + δ)
, 0

]))
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(h) Lemma 1, Part 1 (min
[

1
h0
, (1+α δ (β−η̂)) (h0−1)h0 (1+δ)

]
= 1

h0
):

E (wg0) = h0 + δ

(
h0 (α β − 1− (1 + α) η̂)

+ h0 δ(1 + α)E
(

max

[
1 + α δ β

(1 + α)δ
− η0, 0

])
+ E∗

(
h20 (1 + δ (α β − (1 + α) η0))

h0 (1 + η0)− 1
max

[
η0 −

1− h0
h0

, 0

])

+ E∗
(
h0 (1 + α δ (β − η̂) + h0 (η0 − 1 + δ (η0 + α (η̂ − β))))

h0 η0 − 1

·max

[
η0 −

1

h0
, 0

]))

Observe that above all expectation operators work on at least one maximum
operator. Expected value terms which are associated with η0-regions where society
slips are indicated with an asterisk. These terms must be negative.

E.1 Part 1 of Proposition 1

We start with Part 1 of the proposition and consider the case β ≤ η̂ − 1/(α δ).
We want to show that, given the parameter restrictions, society never experiments.
Since we are either in Lemma 1 or Lemma 2 we accordingly need to examine the
corresponding expected welfare functions. This is (c)-(h) above.

The procedure of the proof is the following: Construct upper bounds for the
expected welfare functions (c)-(h) by, (i), replacing all expectation operators which
refer to slipping with zero. (ii), replace the expectation operator E

(
max

[
1+α δ β
(1+α) δ − η0, 0

])
with 1+α δ β

(1+α) δ and, (iii), replace any other expectation operator with η̂.
These upper bounds are all linear in h0. It is then easy to show that under the

assumptions made they induce h0 = 0 as optimal.

E.2 Part 2 of Proposition 1

Part 2 of the Proposition concerns either Lemma 3 or Lemma 4.
Consider Lemma 3, Part 1. A lower bound to E

(
wb0
)

for arbitrary values of h0
is given by αδ2 (β− η̂)+δ+h0 (δ (α(β− η̂)−1)+1) = E (wa0). This is true since
the agent, as a baseline option, could always move on in period 1. But then he has
the possibility of optimize welfare by choosing to return for some intermediate η0
values.

Using this lower bound, if we set h0 = ε for Lemma 3, Part1 this yields a
minimal expected welfare of α δ2 (β − η̂) + ε (δ (α (β − η̂) − 1) + 1) + δ. For
β ≥ η̂ − δ (1−ε)+ε

α δ2+α δ ε
, this expression is positive. Hence, in this case, it is better to
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conduct a minimal experiment than to not experiment at all. This, obviously, must
also be true for Lemma 4.

Observe that for β < η̂+ 1
α −

1
α δ the value function E (wa0) is declining in h0.

On the other hand an upper bound for E
(
wb0
)

is given by setting the slip term
to zero and replace the other expectation operator with η̂. For the given parameter
restrictions we cannot exclude that this bound is an increasing function of h0.

Hence, interior solutions may be optimal under Lemma 3, Part 1. But by the
fact that, as shown, E (wa0) is declining in h0 we can exclude that it is optimal to
enter Part 2 of Lemma 3.

E.3 Part 3 of Proposition 1

Obvious. As already shown, the derivative of E (wa0) with respect to h0 must be
nonnegative when β ≥ η̂+ 1

α −
1
α δ . By β ≥ max

[
η̂ + 1− 2

α δ , η̂ + 1
α −

1
α δ

]
it is

assured that we are in Lemma 4 (observe that under Lemma 3 an interior solution
under Part 1 of the Lemma may be optimal even for β ≥ η̂ + 1

α −
1
α δ ).
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