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Abstract 
 

While the economic debate on climate policy focuses on discounting, we do not 
know yet what to discount. The potential (non-discounted) socio-economic cost 
of climate change, indeed, is still unknown. Only a few studies have tried to 
estimate socio-economic costs of climate change. Most of them concluded that, 
for a warming of a few degrees, damages will be limited to a few percent of 
GDP. All these studies, however, have disregarded important mechanisms and 
have only considered the cost of a stabilized new climate. This article claims 
that the climate change issue should instead be framed in terms of the adaptation 
of socio-economic systems to a changing climate. Doing so, it calls for the 
taking into account of (1) the interaction between the uncertainty on future 
climate and the inertia of important economic sectors; (2) the short-term 
economic constraints that will be key in the response to climate shocks. Finally, 
the impacts of climate change cannot be estimated assuming that societies will 
always be able to manage in a perfect way the subsequent change in risks, as 
past experiences demonstrate our poor ability to do so. These mechanisms 
suggest that the uncertainty on future climate change damages is even larger 
than it is usually acknowledged, and calls for additional research on climate 
change impacts.  

 
 

1. Introduction 
 

The publication of the Stern Review (2006) has triggered heated debates, especially 
concerning its assessment of the cost of an unabated climate change. The discounting scheme, 
in particular, has drawn numerous criticisms and answers from the authors (e.g., Nordhaus, 
2006; Yohe, 2006; Tol and Yohe, 2006; Dietz et al., 2007). There are evidences, however, 
that discount rate may not be the most important parameter in the design of climate policies. It 
seems, indeed, that the level and spatial and temporal distributions of climate change damages 
is much more crucial (e.g., Ambrosi et al., 2003). Nevertheless, in spite of their importance, 
only a few assessments of future economic damages due to climate change have been 
published so far (e.g., Nordhaus and Boyer, 2000; Nordhaus, 2006; Tol, 2002a,b; Mendelsohn 
et al., 2000, 2004; Stern et al., 2006). Most importantly, these assessments are based on an 



even more limited number of sectoral studies, and even their authors attribute a low level of 
confidence to their results and acknowledge the urgent need for improved methodologies. 
These sectoral studies use either statistical relationships between climate conditions and 
economic performance calibrated on the present situation (e.g., Nordhaus, 2006; Mendelsohn 
et al., 2004), or simple process-oriented models (e.g., Tol 2002a). 
 
From there, most assessments have concluded that damages will be limited, around a few 
percent of gross world product for a few degree of temperature rise, and some have even 
predicted net economic benefits from climate change. The Stern Review, from this 
perspective, may look like an outlier, but its pessimistic results are in fact explained by a 
difference in approach. The Stern Review, indeed, assumes approximately the same level of 
damages than Nordhaus and others for a given level of warming. But, instead of considering 
only one warming level, the Stern review is based on a “risk-management” approach that 
considers a probability distribution function of possible changes (including high climate 
sensitivity and abrupt climate shifts). Unsurprisingly, but it is an essential point, the inclusion 
of the most pessimistic climate scenarios in the analysis raises the expected value of climate-
change damages. Moreover, the Stern Review considers a longer time horizon (up to 2200) 
and a (much-discussed) low discount rate (1.4 percent), which explain why its estimate of the 
net present value of climate damages is very high.  
 
Being very innovative, these first assessments of climate change economic damages have had 
a large influence on the climate change community, in spite of their shortcomings. But 
essential features of the sectoral studies they are based on are questionable. For instance, they 
are based on a set of questionable assumptions on the functioning of the economy (e.g., 
regarding expectations and adaptation). And most importantly, most of them consider the 
impact of a new stabilized climate, while climate will be far from any equilibrium during the 
next centuries. Even the Stern Review, which considers climate change as a dynamic and 
uncertain process, calibrated the economic impact parameters from static sectoral analyses 
that disregard uncertainty. Interestingly, both in the Stern Review and in their response to 
their critics (Dietz et al., 2007), the authors discuss various valuation methods and justify in a 
compelling manner their new approach, but they do not question in detail the sectoral studies 
that are the basis of their numerical assessment. In Dietz et al. (2007), they even use the 
consistency, for a given level of warming, between their own benchmark estimates and 
previous publications to reject the accusations of being biased. The studies that produced 
these estimates, though, do hardly take into account important mechanisms, among which 
those comprehensively described in the Chapters 3 to 5 of the Stern Review.  
 
Some of these mechanisms have already been described in some details by several authors; 
see for instance Smith et al. (2001), Watkiss et al. (2005) or Stern et al. (2006). This paper, 
however, aims at identifying and describing additional mechanisms that are also important but 
that drew less attention in the literature. In particular, this paper emphasizes the fact that 
climate change sectoral damages should be investigated in a dynamic framework, considering 
that climate will evolve in the future and that economic systems will have to experience a 
transition from the present situation – in which they are more or less adapted to their climate – 
to a new situation in which climate is not as stable as it was before. To do so, Section 2 shows 
the need to take into account the interaction between the uncertainty on future climate and the 
inertia of several economic sectors and their infrastructures. Then, Section 3 investigates the 
role of short-term mechanisms in the determination of the long-term consequences of climate 
change. These two processes could be responsible for significant damages in the future, and 



taking them into account might be more crucial for the outcome of climate-policy cost-benefit 
analyses than the choice of the discount rate.  
 
2. Uncertainty and inertia in a changing climate 
 
It is likely that the interaction between the inertia of some economic sectors and the 
uncertainty on future climate change will play an important role in the future. Of course, 
numerous papers dealing with this issue on the mitigation side have been published (e.g., 
Ambrosi, 2003; Yohe et al., 2004). But on the damage and adaptation side, this issue has been 
largely disregarded so far, in spite of its importance. 
 
There is a broad consensus to say that most socio-economic impacts we can expect from 
climate change will arise from transitional effects. Indeed, there is a priori no reason to favor 
the current climate over a different one, at least in the range of climates predicted by most 
climate models. Over the very long run, mankind is likely to be able to adapt its lifestyle and 
socio-economic systems to a climate warmer by a few degrees. So, we can assume that, 
whenever climate is stable enough for a long period (like it was during the last millenniums), 
socio-economic systems can adapt to it. This should be valid also for the warmer climate we 
can expect in the next centuries.  
 
However, one can be concerned about the next centuries, during which economic systems will 
have to cope with a climate that changes at a tremendous pace1. The question, therefore, is not 
to know if the future climate is “better” or “worse” than the current one, as there is probably 
no answer to this question, but to know how – and at what cost – we can adapt our life and 
economic systems to a changing climate. 
 
To do so, we have to consider the fact that the time scales of several economic sectors 
(housing and urbanism, energy production, flood management…) are so large that what they 
will look like at the end of the century will be for a large part decided in the next decades. So, 
investments currently being decided in these sectors should ideally be designed taking into 
account how climate will change during their lifetime. But, unfortunately, uncertainty on 
climate change is still very large and it is important to keep in mind (i) that uncertainty at the 
regional scale, on which adaptation has to be carried out, is at least one order of magnitude 
larger than the uncertainty at the global scale; and (ii) that local climate evolutions will be 
masked by natural variability in the next decades, making their detection particularly difficult. 
 

2.1 Case studies 
 
To take a few examples, the building turn-over time in France is about 150 years. It means 
that the buildings that are currently conceived should be designed to cope with the climate 
conditions up to the year 2150. These future climate conditions, however, are still unknown 
(see, e.g., Hallegatte et al., 2006a): according to the French climate model of Météo-France 
(Arpège-Climat), the climate of Paris in 2080 will be the current climate of Bordeaux 
(France), but according to the Hadley centre model (HadRM3H), it will rather be the current 
climate of Cordoba, in the south of Spain. For London, these models predict, respectively, the 
climate of Nantes (France) and the climate of Porto (Portugal). According to each of these 
models, therefore, the building norms that should be implemented now in Paris or in London 
are totally different (Roaf et al., 2005).  
                                                 
1 The same is true for ecosystems. Even though species migrations would – theoretically – allow ecosystems to 
cope with climate change, their ability to migrate fast enough is very questionable (e.g., Thomas et al., 2004).  



 
If we knew precisely, from now, the future climate characteristics, damages due to building 
ill-adaptation would be very small because a slow – and cheap – adaptation process could 
start immediately. Indeed, improving building norms to make buildings more resilient to heat 
waves and less expensive to air-condition would only increase construction costs by a limited 
amount (probably less than 10 percent2). New constructions represent between 2 and 3 
percent of GDP in most developed country, so improved building norms would cost less than 
0.3 percent of GDP. The energy savings that this measure would generate, moreover, would 
rapidly pay back, as it is well accepted that no-regret mitigation strategies exist in the housing 
sector. As an important co-benefit in the present context, this strategy would also reduce GHG 
emissions.  
 
But today, uncertainty makes it difficult to make any well-informed anticipated decision, 
especially because of the risk of large sunk costs. This situation might make delayed, 
accelerated, and expensive measures necessary in the future. The 2003 heat wave3 has shown 
that many French apartments would need to be retro-fitted to be inhabitable in a future world 
where more than half of the summers would be hotter than the 2003 one. And such a retro-
fitting of all apartments in France would cost about $300 billion, i.e. 25 percent of French 
GDP. If this retro-fit had to be done over a short period of time, say 25 years, and in response 
to the crisis generated by a series of extremes, its annual cost would reach 1 percent of GDP 
over 25 years, without taking into account the “demand surge” (price inflation) that the large 
demand would create4. This problem has not been accounted for in published assessments of 
climate change damages, in spite of the importance of housing both for lifestyle and as a 
major component of household assets. 
 
Another example is the flood protection system of New Orleans, which is currently under 
consideration and will shape New Orleans for more than one century. To design this system, 
we need to know what will be the probability of occurrence of a category 5 hurricane hit on 
New Orleans in 2080. But, nowadays, nobody can answer this question (see for instance 
Emanuel, 2005, 2006; Landsea, 2006; Trenberth, 2005; Webster et al., 2005), making the 
rational design of this protection system very difficult (see Hallegatte, 2006). Considering the 
cost of such a protection, maybe up to $30 billion, and the human and financial risks in case 
of landfall, more than $100 billion, the waste associated with an inadequate protection could 
be large. Of course, the case of New Orleans is not isolated and the same problem exists along 
all coastlines that are vulnerable to tropical or extra-tropical storms. Moreover, the inadequate 
manner hurricane risks have been managed in New Orleans before Katrina shows that, even 
when all parameters are well known, the rational decisions are not always made. When 
parameters are uncertain, ill-adaptation is even more likely. 
 
 2.2. Adaptation and expectations 
 
The consequence of the interaction between inertia and uncertainty is that a perfectly 
anticipated adaptation seems very unlikely. Even when anticipated strategies appear rational, 
improving building insulation norms for instance, the risk of sunk costs, balanced against 

                                                 
2 Interestingly, the construction-cost difference between low-quality and high-quality buildings is less than 50 
percent in France. 
3 This heat wave, which corresponds to the average summer in the late 21st century in most climate models, 
caused more than 30,000 deaths and $15 billion of economic losses in Europe. 
4 Natural disasters show the impact on prices of a large demand in the construction sector. As an example, prices 
in the construction sectors increased by up to 40 percent in response to the 2004 hurricane season in Florida. 



remote and uncertain benefits, makes them politically difficult to implement. For example, 
given the tension in the housing market in France, no government would implement measures 
that would increase construction costs, especially to reduce climate damages in 50 years... As 
a consequence, the French housing stock might be found ill-adapted at the end of the century. 
The subsequent loss of attractiveness of French cities5 may have large adverse consequences 
in a world where all cities are in fierce competition to attract tourists, businesses and 
professionals. 
 
An additional source of concern arises from the fact that large uncertainties make expectations 
extremely volatile. In particular, expectation revisions often occur through crises. Recently, in 
another domain where uncertainties are large, we saw how a couple of sick birds endangered 
a whole French economic sector (50.000 jobs in the poultry industry), because they created 
the expectation of a wide spreading of bird flu. In the same way, a couple of heat waves might 
easily create the impression that a large stock of apartments will become impossible to inhabit 
because of climate change. In the same way, the natural variability of hurricane activity 
makes it difficult to know if the recent increase arises from a natural climate oscillation (and 
is temporary) or from climate change (and is permanent). The expectation of a permanent 
increase in hurricane risks can reduce the attractiveness of Florida and cause a decrease in real 
estate price (as was observed after the Andrew’s landfall, see Hallstrom and Smith, 2005). 
Right or wrong, such shifts in expectations can make real estate prices drop, with 
propagations into the economic system. In presence of large uncertainties, expectations of 
adverse changes, therefore, can have negative consequence even if no actual change finally 
occurs. 
 
As a conclusion, imperfect anticipations in high-inertia sectors can lead to long phases of ill-
adaptation that can have widespread economic consequences. It can be estimated that 
infrastructure and housing represent about 300 percent of GDP6. If the changing climate 
forces us to replace only 1 percent of this capital every year, it would be equivalent to a 3 
percent decrease in annual GDP. This figure is larger than the consequence on GDP of the 
productivity decrease estimated by published damage assessments (e.g., Tol, 2002a,b; 
Nordhaus, 2006). It means that assessing the impact of climate change on infrastructure 
capital may be more important than assessing its effect on productivity, on which most 
authors have focused. 
 
3. The influence of short-term constraints: the case of natural disasters 
 
The second mechanism this paper wants to highlight is the role of short-term constraints in the 
determination of long-term costs, using the example of natural disasters.  
 

                                                 
5 This problem translates everywhere: for instance, how attractive will be Southern California if temperatures 
reach 120 degree Fahrenheit every summer and water scarcity leads to soaring water prices and water use 
restrictions? And what are the socio-economic consequences, for California and its neighbours, of a large loss of 
attractiveness of Southern California?   
6 In France, investment represents about 25 percent of GDP; investments in infrastructure (including housing) 
represents about 50 percent of total investment (Louvot, 1996); and the lifetime of infrastructure is about 55 
years (100 years for buildings, 30 years for roads, 60 years for electric plants, etc.). Assuming that capital 
increases by 2 percent a year, we have: 0.125*GDP – Kinfra/55 = Kinfra*0.02. Infrastructure capital, therefore, is 
approximately equal to 3.3 times GDP. As another way of estimating infrastructure value in France, one can add 
transportation infrastructure (several hundreds billion euros), energy infrastructure (about 400 billion euros), 
water management (200 billion euros), flood protection (a few tens of billion euros) and housing (about 2500 
billion euros). The total of this incomplete list already exceeds 3000 billion euros, i.e. 2 times French GDP. 



When investigating climate change consequences, it is particularly interesting to focus on 
extreme events for at least two reasons. The first one is the fact that climate change will not 
appear as a continuous and regular change in the mean climate conditions. Because of natural 
variability, it is likely that climate change will affect us mostly, at least during the next 
decades, through changes in the distribution of extreme events. So, it is worth looking 
precisely at their consequences, which are still poorly understood. Second, it is interesting to 
focus on extremes because we have data on the consequences of past disasters. The models 
used to predict future damages from disasters, therefore, can be validated against actual data, 
which makes their results much less uncertain than results from economic models of climate 
change impacts, which cannot be validated (so far). 
 
Working on disaster consequences, however, leads to several specific difficulties. In 
equilibrium economic models, which, by construction, cannot reproduce short timescales, 
extreme events can be taken into account only through decreases in mean productivity. But 
actual mechanisms are more complex. In particular, disasters suddenly destroy productive and 
housing capital, and the consequence of such shocks cannot be investigated in equilibrium 
models. In particular, disaster consequences cannot be modeled using one- or several-year 
time averages, as most of the impacts are very concentrated in time. This concentration leads 
to nonlinearity in the economic response, especially because the coping and adaptive capacity 
of the economy is limited over short periods of time (see e.g. RMS, 2005).  
 
Disregarding this nonlinearity amounts to disregarding most of the consequences of natural 
disasters. As a striking illustration, the $100 billion of damages from the Katrina’s landfall on 
New Orleans represent less than two weeks of U.S. investments. Therefore, integrated 
assessment models, based on equilibrium economic models, would represent such a disaster 
as a two-week loss of investments (because of the crowding-out effect of reconstruction 
expenditures), making the disaster quite benign. Hence, a climate change leading to the 
repetition, every year, of a Katrina-like disaster in the U.S. would be considered as harmless 
by the assessment methodology used in the climate change damage literature. Clearly, 
accounting for short-term effects, indirect economic losses, social consequences and 
distribution issues should be a priority.  
 
 3.1. Modeling natural disasters 
 
To account in a better way for disasters, they have to be modeled one-by-one, through 
destructions of productive capital, and using economic models able to capture short-term and 
out-of-equilibrium processes. In such a framework, Hallegatte et al. (2006b) show that 
introducing short-term constraints in the reconstruction pace is needed to reproduce the 
observed response to past disasters. Otherwise, reconstruction is carried out in a couple of 
months, even for large-scale disasters, which is at odd with past experience (e.g., 1999 winter 
storms in Europe; 2002 floods in Central Europe; 2004 Hurricane season in Florida). In most 
historical cases, indeed, reconstruction is carried out in 2 (e.g., 2002 floods in Central Europe) 
to 10 years (estimates for Katrina or the 2004 Tsunami in South Asia). These constraints arise 
from financial constraints, especially but not only in poor countries, and from technical 
constraints, like the lack of qualified workers and construction equipments. We have a lot of 
empirical evidences of the existence of these constraints, which are also responsible for the 
so-called demand surge, i.e. the inflation in the price of reconstruction-related goods and 
services in disaster aftermaths (see for instance, Benson and Clay, 2004 or RMS, 2005). 
 



These constraints can raise dramatically the cost of a single disaster by extending the duration 
of the reconstruction period. Basically, if a disaster destroys a plant, which can be 
instantaneously rebuilt, the cost of the disaster is only the replacement cost of the plant. But if 
the plant is destroyed and can be replaced only one year later, the total cost is its replacement 
cost plus the value of one year of production. For housing, the destruction of a house with a 
one-year delay before reconstruction has a total cost equal to the replacement cost of the 
house plus the value attributed to inhabiting the house during one year. The value of such 
production losses, in a broad sense, can be very high in some sectors, especially when basic 
needs are at stake (housing, health, employment, etc.). Applied to the whole economic system, 
this difference can be significant for large-scale disasters. For instance, if we assume that 
Katrina destroyed about $100 billion of productive and housing capital, that this capital will 
be replaced over 5 to 10 years, and if we use a mean capital productivity of 23 percent7, we 
can assess Katrina-related production losses between $58 and $117 billion. It means that 
production losses will increase the cost of this event by 58 to 117 percent.  
 
 3.2. Consequence on climate change impacts 
 
The reconstruction constraints also provide a clear illustration of why it is so important to 
consider extreme events one-by-one instead of considering only average values (like, e.g., 
Tol, 1995). Indeed, at least one hurricane model (see Emanuel, 2006) suggests that climate 
change could cause a 50-percent increase in the average economic losses due to hurricanes, 
from $8 billion a year to $12 billion a year (Hallegatte, 2007). Averaged over a long period, 
this expected increase in hurricane destructiveness looks rather manageable. Focusing on the 
strongest storms, however, tells a different story: according to the same model, the frequency 
of category-5 hurricane landfall could be multiplied by 4 during this century, from less than 
one in 20 years to one in 5 years. Managing a category-5 hurricane landfall every 5 years in 
the U.S. is considered by risk managers and insurers as a real challenge. Clearly, considering 
averaged values, as it has been done in published climate change assessments, leads to a 
dramatic underestimation of how disaster risks could evolve. 
 
Assuming that reconstruction duration increases linearly with direct losses (which is an 
optimistic assumption) means that total economic losses increases quadratically with direct 
losses. This property could have significant consequences on the future economic losses due 
to hurricanes. Indeed, a climate-change-induced increase in hurricanes intensity is likely to 
come from a large increase for strong hurricanes and a small increase or even decrease for 
weak hurricanes. If total damages are quadratic with respect to direct losses, an increase in 
annual mean direct losses could easily translate into much larger economic losses. To 
illustrate this point, assume that the $8 billion of direct losses due to hurricanes in the U.S. are 
due to two kinds of events: very frequent events, which cause every year $7 billion of direct 
losses; and very rare events, occurring once a century and leading to direct losses amounting 
to $100 billion. We also assume a simple relationship8 between direct and total losses, such 
                                                 
7 Since we are considering the destruction of an undetermined portion of capital and not the addition or removal 
of a chosen unit of capital, it makes sense to consider the mean productivity and not the marginal one. Taking 
into account the specific role of infrastructures in the economy, and the positive returns they often involve, this 
assumption is even optimistic. For details, see Hallegatte et al. (2006a). The marginal productivity of capital in 
the U.S. is approximately 7 percent. Assuming a Cobb-Douglas production function with a capital income/labor 
income distribution of 30 percent/70 percent, it means that the mean productivity of capital Y/K is 1/0.30 times 
the marginal productivity of capital dY/dK. Mean productivity of capital can, therefore, be estimated at about 23 
percent. 
8 As an illustration, we assume that total losses equal one tenth of the square of the direct losses. It means that 
total losses are lower than direct losses for small events, which is supported by empirical evidences: the 



that the total losses are equal to $15 billion: $5 billion from the frequent events and $10 
billion from the rare events. With this simple hypotheses, if climate change causes a 50 
percent increase in annual direct losses (from $8 billion to $12 billion) and if this increase 
arises from a 5-percent increase in the losses due to the frequent events combined with a 5-
fold increase in the frequency of the rare events, then simple calculations show that the 50-
percent increase translates into a 270% increase in total economic losses. Here, nonlinearity of 
disaster damages acts as a multiplier of total economic losses.  
 
 3.3 Natural disasters, climate change, and poverty traps 
 
We just mentioned that the cost of a natural disaster depends on the duration of the 
reconstruction period, and that this duration is function of the capacity of the economy to 
mobilize resources to carry out the reconstruction. The problem is that the poorest countries, 
which have less resource, cannot reconstruct as rapidly and efficiently as rich countries. This 
fact may help explain the existence of poverty traps in which some poor countries seem to be 
stuck: because they are poor, they have a low capacity to carry out the reconstruction after 
each disaster. Because of this low capacity and a large exposure to dangerous events (tropical 
cyclones, monsoon floods, droughts), series of disasters can prevent them from accumulating 
infrastructure and capital, and, therefore, from developing their economy and improving their 
capacity to reconstruct after a disaster. This “positive” feedback9 may maintain some 
countries at a reduced-development stage10. The experience of repeated disasters in some 
Central America countries in the late 90’s and early 00’s (e.g., Guatemala, Honduras) 
illustrate the consequences of such series of catastrophes on economic development. 
 
If climate change causes an increase in the frequency or intensity of extreme events, these 
poverty traps could grow, with a significant impact on economic development. Even a minor 
growth rate reduction in developing countries would have a much larger impact on global 
welfare and income that any productivity reduction. This risk has been very well described in 
the Stern Review and in other articles (e.g. Benson and Clay, 2004), but is not fully 
considered in quantified assessments. By neglecting this aspect of climate change impacts, 
nonetheless, we might disregard the major source of damages at the global scale. 
 
As a conclusion, the methodologies used to assess climate change damages are not able to 
capture disaster consequences, and would consider Katrina-like events as negligible, which is 
at odd with common sense. So, to produce reliable estimates of the economic damages from 
climate change, integrated assessment models will need additional modules, able to account 
for the non-equilibrium processes they do not explicitly represent. 
 
Of course, the cost of extreme events will depend heavily on how societies will be able to 
manage these changing natural risks by, for instance, upgrading flood defense, retreating from 
unsafe locations, creating and maintaining warning systems, or implementing adequate 
mitigation policies. If we adapt in a perfect way, climate change impacts might remain 
limited. Past experience shows, however, that risks are well managed mainly where a disaster 
has already had dramatic consequences (e.g., Netherlands after the 1953 floods and its 1,800 

                                                                                                                                                         
additional demand created by reconstruction needs promotes production in disaster aftermaths, when the disaster 
is not too large. 
9 Of course, “positive” should here be understood in a purely mathematical sense: this feedback is “self-
amplifying”. 
10 Today, supporting this idea, development agencies consider the management of catastrophic risks as an 
important component of development policies. 



deaths, France after the 2003 heat wave and its 5,000 deaths). And, sometimes, repeated 
disasters are even not enough (e.g., New Orleans and the floods of 1915, 1947, and 1965). 
Our ability to manage changing risks in an anticipated manner, i.e. without going through a 
catastrophe to become aware of the change, can – and must – be questioned. 
 
4. Conclusion 
 
This paper emphasizes our lack of understanding of climate change damages. Very little is 
known on the economic consequences of natural disasters, even though disasters occur 
regularly and provide us with a lot of data. So, it is not surprising that very little is known on 
the economic consequences of a climate change that has never been experienced before. It is 
also understandable that an unprecedented problem like climate change cannot be directly 
investigated using pre-existing concepts (e.g., growth theory) developed to study very 
different issues like demographics or technological change.  
 
This article emphasizes that, in any assessment of climate change damages, it is misleading to 
think of a stabilized climate; one has to frame the problem in terms of adaptation of socio-
economic systems to a changing climate, which is a very different question. And to 
investigate this adaptation problem, one has to make strong hypotheses on the functioning of 
future economies (e.g., expectations, detection and attribution, adaptation processes, short-
term economic mechanisms, institutional and technical constraints). These hypotheses create 
an additional layer of uncertainty that has been disregarded by published assessments. Back-
of-the-envelope calculations show that the additional cost due to the mechanisms identified in 
this article could easy exceed the cost of the temperature-related productivity decrease that is 
the basis of published impact assessments. Independently of the discounting scheme, 
therefore, a careful pessimism on climate change may be justified by these important 
mechanisms. 
  
In any case, it is difficult to support, as some do, that, on the one hand, the environmental 
constraints that climate change might bring to us cannot have significant consequences 
because they will trigger innovation and collaboration, and that, on the other hand, a 
$80/tCO2eq carbon tax11, would be an unbearable burden on our fragile economies. 
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