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This paper focuses principally on adaptation issues as relates to Europe. Issues relating to adaptation in other regions may be important to Europe (in terms of the impact on desirable European aid flows or on commodity prices or the feedback of political instability that might arise in some regions) but this is only dealt with peripherally in this note.

Some initial observations on climate change in Europe during the 21st century
It is well recognized that adaptation efforts may be needed to take advantage of the benefits and deal with the adverse consequences of climate change that is already in the pipeline as a consequence of stock of existing GHG concentrations. In contrast, the SRES scenarios highlight the likely climate change that will happen, under different population, economic, and technological assumptions (in the absence of mitigation efforts) in coming decades. One is first struck by the limited extent of the climate change that is projected by the IPCC to take place in Europe in the next twenty to thirty years, a time frame which is likely to far exceed that relevant for most (though not all) adaptation decisions. Moreover, at least for the next 20-30 years, a review of these alternative scenarios does not suggest quantitatively very significant differences in the extent of climate change effects (changes in: temperature, sea level rise, seasonal precipitation levels, frequency and intensity of extreme weather events) that would be observed for Europe. This reflects the gradualism in the pace of change of the scenario outcomes for various climate-related variables (which can be discerned in those IPCC figures and tables that show the intertemporal path of outcomes during the 21st century).
 Even by the end of the century, while there are certainly differences for Europe in SRES scenario outcomes, the magnitude of difference among the alternative scenarios is not that large for Europe.
,
 

It should be emphasized that these assertions reflect my reading of the various tables and charts provided in the IPCC reports of 2007 (on the physical science, on adaptation, and on mitigation). But what is striking from the IPCC volumes is how very little detail is provided on the range and magnitude of specific climate change characteristics, for different regions of Europe, for different decades looking forward within the 21st century. Most of the IPCC (2007) data gives you a sense of how things will evolve by the late part or the end of the century.  Also inevitably masked by much of the data that is presented is the degree of variability underlying some observed mean outcomes. An increase in precipitation that may seem not that large may still reflect a much higher probability of periods of intense precipitation that would significantly increase the probability of flooding (a phenomenon explicitly mentioned as likely for Northern Europe). The same observation arises with respect to the implications of storm surges when accompanied by sea-level rise.

But to really understand when and whether adaptation efforts are required, it would thus be desirable if one had far more detailed projections indicating when, where, and by how much (and with what probability) climate change effects will be experienced at different points throughout the century, under alternative SRES scenarios. There is a European-wide project, PRUDENCE, which is seeking to produce such dynamically downscaled high-resolution climate change scenarios for Europe, though again with projections only for the period after 2071-90. 

Thinking about the impact of adaptation and the tradeoffs with mitigation

Mitigation efforts, taken today and coming years, will modify these SRES scenario outcomes, but not by much until the very later decades of this century and certainly thereafter. In some respects, the time scale over which actions on mitigation and adaptation will have their impact is extraordinarily different. In other words, mitigation in the next several decades—which could be costly-- is necessary to reduce extreme costs of climate change toward the end of the century and beyond. 

In contrast, adaptation measures are of different kinds and potential impacts, and their overall costs will vary enormously, depending on the objective of the measure:


(i) Some adaptation measures can be considered as reactive, dealing with the costs and the damages imposed by some kinds of climate change events which are already in the pipeline or which would reflect the extent of future emissions (under alternative SRES scenarios) in coming years. Such events may occur now with more frequency than in the past but still with low frequency (extreme heat waves, major storms, involving heavy precipitation or storm surges). Such costs may relate to addressing the physical damage caused by storms or flooding; health and safety costs to those affected by the CC effects; or dealing with social safety net costs of unemployment or indigence that may arise.


(ii) Preventive or proactive adaptation measures seek to minimize the size of potential future damage or to respond to or facilitate shifts in investment and production across sectors. Much of the WGII report of the IPCC (2007) highlights how different species (fauna, flora), different economic sectors (particularly in agriculture, forestry and fishing), and communities will be affected by global warming—by the changes in the mean level and variability of temperature, precipitation, sea level rise, wind velocity, as well as the increased variability and intensity of extreme weather events and even abrupt climate change. Preventive adaptation measures reflect actions by economic agents (including government) that respond to such changes (or their expected occurrence) by seeking to either minimize any adverse effects or possibly even take advantage of their impact. The scope for adaptation measures in principle is very large, given the range of economic, physical, and ecological variables that would be affected by the various aspects of climate change. 

Conceptually, assessing the costs and benefits of pursuing adaptation measures in response to climate change requires an understanding of the following benefit and cost functions. Let us define ∆Qkt as the net present value of the loss of projected output over time associated with a vector of climate change characteristics ci (with i including such variables as a change in temperature, change in precipitation, level of sea level rise, change in ocean acidity, mean wind speed, frequency and intensity of extreme weather events and so on), as projected at time t (and with some assumption on the relevant social discount rate). 

The set of ci could be conceptually extended to include not only the expected change in a climate-related variable but also the associated change in the frequency or intensity or variability of the variable. This loss of output over time would reflect specific effects of these climate change characteristics on individual sectors, products, and the species (each denoted by k= 1, …, m). Implicit in the estimates of the impact is the understanding that there is an implicit assumed development of population and infrastructure (call it a vector F during the future period under consideration), which would interact with the climate change variables to measure the extent of the economic loss that would arise. Note that in some cases Q could be positive, to the extent that there are gains in output associated with a climate change effect. (Note that the lack of detail by the IPCC (2007) on how climate change will be manifested, decade by decade, also applies to the limited data that is available on the nature of the sensitivity of different sectors, fauna, and flora, etc to varying degrees and characteristics of climate change.)

Within Europe, there may also be significant regional differences in the nature of the loss function, given both the different climate effects that will be witnessed, differences in the sensitivity of the different European subregions and ecologies to climate change, and the differences in sectoral composition that one observes. Presumably, the higher the loss averted, the higher the cost of adaptation.

So ∆Qkt = Hkt(c1,…..,cn;F)   (for all k= 1, …, m)

Adaptation to a perceived ∆Qkt can be undertaken at a given cost at time t in a given sector k, Ckt, to reduce the amount of the ∆Qkt loss, Lkt, that would be incurred by the climate change effect i. So Ckt = Lkt[∆Qkt(c1,…..,cn; F)], where the cost of adaptation, as projected at time t is contingent on the amount of loss that one seeks to reduce for a given sector (or product or species) and the characteristics of climate change experienced (again subject to the implicit assumed development of population and infrastructure). Conceivably, these costs may also be sensitive to the development of population and infrastructure assumed for the future

To assess the appropriateness of adaptation measures in the event of a given vector of climate change, i, one would want to compare the benefit (in terms of reduced loss or greater gain) with the cost of the particular adaptation measure. 

In thinking about adaptation possibilities, the following factors would be important to gauge:

--the nature of the ∆Qkt functions:  a particular sector or crop or species may be able to cope and even benefit within a limited range of climate change effects. Beyond a certain point however, losses may be entailed or autonomous adaptation may occur (species adapting genetically or migrating). Economic agents may autonomously adapt through mobility or there may be shifts in investment or production or technology decisions. There is also a stochastic character to this function. As climate change becomes greater, it may be reflected in more frequent extreme weather events (heat waves, coastal storm surges; intense precipitation)

 There may also be enormously different sensitivities across sectors or species to different degrees of climate change. It also may be the case that the ∆Qkt function may imply very large losses beyond a certain threshold of climate change; in such cases, adaptation may be possible only at very high, perhaps prohibitive costs. There may thus be situations where adaptation measures would have only limited effect (e.g., Stern notes this in the case of protecting natural ecological systems).

In thinking today about the agenda for adaptation, particularly by the public sector, one probably would wish to focus on those areas of impact where the potential adverse effects are the largest, for the likely limited amount of climate change that is likely to be experienced by Europe in the next 30-50 years (recognizing that this may still entail an increased frequency of extreme weather events). 

--the range of potential adaptation measures possible: should—can-- one seek to prevent the adverse effects of climate change or respond by accepting that the costs of direct prevention or reaction will be sufficiently high that lower cost, alternative strategies—shifting a population, planting completely new crops, etc may be preferable?

--the time frame during which it is possible to undertake adaptation measures: do such measures require a long lead-time or can adaptation measures be undertaken within a relatively shorter time frame (a decade or less)? As the EC observes, for some very long-lived infrastructure projects (bridges, roads), their life span (80-90 years) may be such that new projects should take into account the potential range of climate change expected over the course of their lifetime. This may also be true for measures that would address the consequence of storm surges for coastlines or the likelihood of intense precipitation episodes creating a potential for substantial flooding—the IPCC (2007) notes that in the Northeast Atlantic, one might see a further increase in wind speed and storms during at least the early part of the 21st century (2010-2030). For many other projects (buildings etc), one may not need to adapt since the adverse climate change effects may occur only sometime past the expected life of the infrastructure.

--the time frame over which an adaptation measure is expected to be responsive in terms of minimizing the losses entailed by climate change: between the alternative SRES scenarios and the different possibilities for the degree of mitigation that will be implemented in coming years, it is certainly plausible that adaptation will be a continuing and evolving challenge. Those adaptation measures that may be successful in response to the climate change of the next 20-30 years may need to be further changed or even abandoned in the context of those climate changes that would occur in subsequent years. 

--the choice of which climate change scenario to use as the basis for making decisions: certainly beyond mid-century, the differences in outcomes between the various SRES scenarios and the effects of the degree of pursued mitigation will start to influence the outcome for many climate change variables, and the corresponding economic, physical, and ecological impacts. For adaptation decisions that require a relatively limited lead time or where the infrastructure is not especially long-lived, the choice can be made with reasonable assurance as to the climate change scenario that would prevail during the relevant time period. In contrast, for decisions for which a long lead time is required, where the infrastructure is especially long-lived, or where the infrastructure is specifically designed to limit damages from extreme weather events, it becomes particularly important to decide whether one should assume the more adverse of the possible SRES and mitigation scenarios. Assuming a more adverse scenario is likely of course to imply much higher costs in terms of the required design of the infrastructure or in the assumed scale of adaptation effort.


--the underlying model of climate change: implicit in the above discussion and most of the IPCC material is the assumption of gradual climate change throughout the century, with various climate change effects progressively evolving, depending on the region concerned. The costs and benefits of adaptation would need to be assessed very differently if one examined the potential effects of abrupt climate change (e.g., a THC reversal, or a loss of the Greenland or West Antarctic ice sheet). If such a reversal occurred, the effects on parts of Europe could be very large; the costs of “reacting” would certainly be large; the cost of seeking to limit such effects through preventive adaptation measures might also be high indeed, and unlikely to be politically acceptable, given the low probabilities involved. 

I raise these issues because as one reads the very detailed IPCC material on the multiple effects of climate change in Europe (drawn principally from the first part of the adaptation report, which relates to the economic or physical or ecological effects of climate change in this century), one becomes aware of significant nonlinearities. Some of the effects will be modest and possibly even beneficial at low levels of climate change. Such effects may turn more negative and become larger later in the period, but nevertheless with the material suggesting that there are ways for individual economic agents or species to adapt profitably, albeit at some cost. But equally the material in IPCC (also mentioned by Stern) seems to suggest that beyond a certain point, it becomes questionable whether the adverse effects of climate change can be reduced by feasible adaptation measures. At this point, adaptation measures would be costly and of low potential effect. In such cases, nonmarginal policies may be needed (forced migration, abandon territory, wholesale shift in crops).

In a similar vein, the material suggests that some positive effects from climate change of a certain magnitude in coming decades may be reversed if climate change occurs of a greater level (even with mitigation, one may observe this reversal effect).

Very different considerations are involved in judging the tradeoffs between mitigation and adaptation, not least among which is the time frame. One seeks to mitigate in the interests of those cohorts or future generations that will be alive at least a half century if not more in the future (assuming that one does not experience an abrupt climate change scenario before then), with the distribution of the benefits from mitigation unequally distributed in different regions of the globe. So discount rates dramatically matter (as evidenced by the controversy over the Stern Report). And mitigation involves extreme externalities. In the absence of mitigation measures by all potential emitters, actions by Europe to reduce emissions may simply be offset by higher emissions elsewhere.  

The benefits of adaptation measures should initially be seen as largely local or regional. However, one should also recognize that in some cases, the effects of poor adaptation in one region may be felt by other regions in the context of global commodity markets, global risk effects from political instability, global financial markets, and unrecognized ecological interaction effects (to the extent that failure to “save” some species through adaptation measures may give rise to unanticipated effects on other parts of the ecological chain).
  And of course, to the extent that the global community fails or is unable to address adaptation issues related to the health of the ocean and the global fisheries stock, this could also have important adverse effects.

The above discussion implicitly argues against putting too much emphasis on the beneficial effects of mitigation in terms of limiting the scale of adaptation costs, at least for the next several decades. The reason is simply that the benefits of a concerted global mitigation strategy are not likely to be felt for many decades. The issue of whether and how much adaptation will be relevant or necessary also will not be known for a number of decades at least. For new infrastructure that is likely to be extant at the end of the century, the challenge will be in the choice of social discount rate to apply and the decision as to how adverse the possible climate change could conceivably be (across alternative SRES and mitigation scenarios), and whether the cost of additional adaptation in the technical dimensions of the infrastructure would be beneficial under the most adverse of the alternative scenarios.

With a very long-term perspective, there is an obvious and important linkage between mitigation and adaptation. In the absence of mitigation, the SRES scenarios lay out alternative scenarios for how various climate-related variables will evolve through the end of the century and into succeeding centuries. Beyond 2050, the rate of change in these variables is increasing and the levels become more and more threatening in terms of their impact on economic and ecological variables. Adaptation measures that are sufficient to limit damage or to adjust to climate change would need to be reinforced or rethought and redone as climate-related variables reached new thresholds. Areas habitable under a certain level of climate change may be more tenuous with a higher level of change. Successful efforts at mitigation would not likely do away with the need for renewed or revised ways of adaptation, at least for the next 100-150 years, but the degree of change in the amount of adaptation required would be far less. And just as important, as one approaches the middle of this century, such successful mitigation would influence perceptions as to the expected amount of climate change that would be perceived as likely, and the associated implications for adaptation. Indeed, some approaches to adaptation may well prove impractical in many situations in the absence of successful mitigation efforts.

The public sector’s role in adaptation
Of obvious importance to this study is the extent of public sector involvement in the area of adaptation. Reviewing the IPCC material, it is clear that much adaptation in response to particular climate change effects (whether in reaction or anticipation) will take place autonomously, whether by economic agents (individuals, households, enterprises, and governments in their role as producers of public services) or by individual species (animals, insects, birds, flora). For the former group, this may entail investments in new crops, shifts in products of different sectors, shifts in regional demand for certain types of services, changes in location decisions by individuals and firms, changes in the technology used to make an investment, shifts in pattern of energy use). Governments would have a role here in terms of ensuring well- functioning markets and the provision of greater information on the likely pace and characteristics of climate change. 

These autonomous changes in response to climate change would not be without fiscal consequences. Governments, particularly at the local or sub federal level, may experience a loss of revenue that might compromise their fiscal position. Limits in the capacity of particular economic agents to adapt—particularly with an aging population in many European countries—may result in a need for fiscal outlays for unemployment compensation or welfare benefits. Equally, governments may be forced to increase spending more often to assist individuals or enterprises adversely affected by the impact of extreme weather events flooding, storm surge, prolonged drought, firestorms), even in the presence of insurance markets that in principle would cover some of these risks.  

European Governments may also find that there are fiscal consequences from adaptation (or the lack of it) in other parts of the world. If climate change led to significant sea level rise and the loss of territory in a number of low-income countries, one could envisage this leading to a substantial increase in migration to European countries. European (and other industrial countries) might also feel bound to provide significant relief assistance to countries adversely affected by climate change given the role of the former in creating the increased concentration of GHG). Europe would also have an interest in investing in initiatives to save parts of the global commons (the oceans)?

Specific adaptation actions by government can be envisioned for a number of reasons. To the extent that government needs to be involved (because of decreasing costs or significant externalities) in the construction of public infrastructure, climate change may entail obvious forms of adaptation. This may include building of levies or dikes, construction of flood reservoirs, and enhancement of infrastructure to render it robust under changed climatic conditions. Government may need to sponsor research and development to facilitate the development of climate-resistant technologies, particularly in the agriculture, livestock and forestry sectors. Government regulatory action may be needed to limit private economic agents assuming inappropriate risks (e.g., settling in areas especially prone to storm surges or flooding) and creating potential contingent fiscal risks. Government may need to provide forms of insurance in the event the private sector is unwilling to insure against certain types of climate-related risks. A stronger government fiscal position would certainly be needed in view of the uncertainty associated with when and how climate change will create a fiscal liability.

Concluding thoughts

1. Despite the exhaustive amount of material included in the IPCC exercise, there can be no substitute for more detailed modeling of how climate change variables are likely to evolve in such succeeding decades, under alternative scenarios, for the specific regions of Europe. An effort at promoting such research is an important governmental merit good. Equally, it is important to develop indicators that are robust as predictors of “which” among the alternative scenarios is proving to be most likely. This call for greater modeling must also be matched for funding of research on important feedback effects that are associated with given adaptive responses (e.g., the feedback effect of a reduction in farmland area on nutrient loadings in surface waters). Continued funding of research on how different species and sectors would deal with given levels of climate change (the heart of WGII work) will continue to be of great importance; in particular, it is important to recognize what might be the thresholds of climate change for which the adaptive capacity of many systems becomes highly limited. As noted by the IPCC, it is important to differentiate between “market and social systems,” for which there may be considerable adaptation potential, and “biological and geophysical systems,” where the adaptation potential might be much less.

2. Working within the framework of the limited evidence on the regional disaggregation of climate change effects that is available, there is an alternative to the above. This would be to focus on specific economic or ecological variables of interest that will be affected by climate change, and to examine the extent to which adaptation efforts are socially profitable in the event of the most adverse possible scenarios,. 

3. For governments, there is a question of focus. Certainly, the principal focus must relate to whether climate-related changes, including extreme weather events, could create serious losses as a consequence of sea level rise, or flooding due to intense precipitation events.
 Engineers have long recognized the need to build in design considerations for the one in X year’s meteorological phenomenon. Climate change has increased the frequency of such phenomena. Equally, in zoning and land regulations, minimizing the extent of exposure to damages by considering adverse scenarios for storm surges and flooding levels would appear necessary, as would ensuring that insurance premia adequately reflect the implied risks.

4. Another key focus in the coming decade must be to incorporate climate change considerations into decisions that are likely to have long-range ramifications, e.g., infrastructure that is projected to last for many decades or in terms of land settlement patterns that would be costly to reverse. Given the extent of the uncertainty on precisely how much climate change will be experienced in different European regions once one moves into the latter half of the century, there is a strong argument for not accelerating decisions on most other adaptation measures until a clearer picture is obtained, both about the likely state of the climate in the latter half of the century, and perhaps just as important, in the succeeding decades beyond that. This would be particularly the case for situations where the effects of climate change in Europe are likely to be so large that adaptation is infeasible and the associated losses or consequences must simply be accepted and dealt with.

5. A third focus for governments would relate to facilitating autonomous adaptation efforts. Greater efforts by the government to ensure full information as to the potential dimensions of climate change, looking ahead several decades, would be critical. Equally, efforts to clarify the potential impact of such changes on key economic variables would facilitate private sector investment decisions as to whether expand or contract or change in a given sector.

6. Governments also will need to recognize that climate change will further add to the contingent risks to which they are exposed—whether in terms of rehabilitation outlays in the context of a climate-related natural disaster or in terms of social safety net spending to facilitate the most vulnerable in society to adjust to climate change induced impacts. Along with many other prospective fiscal liabilities faced by governments looking to the long-term, this is another factor arguing for a strengthening of the overall fiscal balance sheet in anticipation of such potential claims.

7. The division of labor among governmental bodies—EU-level, central government, state or local levels—for the adaptation elements discussed in the previous paragraphs probably resides at the former two levels. Certainly, European-wide funding of research is appropriate. National funding of infrastructure-related outlays is appropriate, given the significant externalities likely to be involved. Adaptation measures at the state and local level (sub federal) would appear more appropriate as relates to measures to facilitate or address adaptation of the local economy to the highly specific effects relevant for the particular region or community.

8. Finally, governments cannot ignore the potential risks associated with abrupt climate change. The IPCC is very clear that such risks—in terms of a reversal of the thermohaline circulation, collapse of the West Antarctic ice sheet, or loss of Greenland ice sheet, are very unlikely to occur in this century. But they also note that such possibilities are “increasingly more likely as the perturbation of the climate system progresses. The reversal of the THC, they note, would be offset by the effects on Europe of higher temperatures from climate change. But the loss of the ice sheets in particular would have enormous implications for sea level rise (5-7 meters) that would dramatically change the pattern of settlement along major coastal zones of Europe. Considering an adaptive response to the latter two possibilities would become increasingly important by mid-century, when there is a clearer understanding of the economic and population scenario that the globe is dealing with, and the prospects for stabilizing greenhouse gas concentrations are assessed.  

� For example, Table 10.5 in the Fourth Annual Assessment Report of WG1 (on the physical science) projects a global warming increase ranging from 0.64°-0.89° during 2011-2030, essentially doubling to 1.29°-1.75° during 2045-65, and rising even further to 1.79° - 3.13° by 2080-99, where the range corresponds to three scenarios (SRES B1, A1B, and A2). The IPCC reports suggest that Europe would experience somewhat higher temperature increases than those of the global mean temperature rise. 


� Globally, by the end of the century, the difference in the change in mean temperatures projected for B1, A1B, and A2 scenarios are C1.6º (1.8º, 2.8º, and 3.4º respectively), with their ranges varying from 1.1º-2.9º; 1.7º-4.4º; and 2º- 5.4º). In terms of sea level rise, the three scenarios would project a rise in sea level of 0.18cm-0.38cm; 0.21cm-0.48cm; and 0.23cm-0.51cm. 


� It is also worth remembering that when one sees estimates of mean global temperature changes under different scenarios, that Europe’s mean change will typically be a greater change, particularly as one moves to higher latitudes. 








� See Chapter IV of IMF, World Economic Outlook (April 2008), for a discussion of a global model that seeks to measure these types of feedback effects.


� It is worth citing the IPCC WGII report (around p. 782): There is ‘wide agreement that it will be much more difficult for both human and natural systems to adapt to larger magnitude of global mean temperature change than to smaller ones and that adaptation will be more difficult and/or costly for faster warming rates than slower rates.”


� Note, for example, that the IPCC report suggests that in Europe, a 50% higher mean sea level rise is expected.


� See Heller, Who Will Pay? Coping with Aging Societies, Climate Change, and Other Long Term fiscal Challenges (IMF, 2003)).





