Chapter 6. Attributing causes of regional climate change
6.1. Introduction and summary

6.2. Global warming
Leader author: Jonas Bhend
Summary

Most of the observed global warming over the second half of the twentieth century has been attributed to anthropogenic influence – mainly increasing atmospheric greenhouse gas concentrations. In this section, we assess whether the influence of the factors causing global warming can be identified as causing regional climate change in the Baltic Sea area as well. The last assessment of climate change in the Baltic Sea (the BACC author team, 2008) identified a lack of regional studies that can robustly attribute recent trends in climate to increased greenhouse gases. Since the last assessment, a few such studies have become available.

Summertime near-surface warming in northern Europe has been detected to exceed natural internal variability of the climate system and has been attributed to anthropogenic influences. Furthermore, there is evidence of an increasing likelihood of very warm seasons in northern Europe due to human influence in all seasons. The attribution of recent warming to anthropogenic influence is further supported by various studies using continental to global constraints and looking at different aspects of the warming such as extreme temperatures, growing-season length and the onset of spring. In addition, the observed warming in the Baltic Sea area is found to be consistent with the anthropogenic signal derived from model simulations.

Circulation in the northern hemisphere – the North Atlantic Oscillation in particular – strongly affect weather and climate in the Baltic Sea area. A human influence on global sea-level pressure changes has been detected, however, it is also found that models underestimate observed circulation changes especially in the northern hemisphere.

No formal detection and attribution study for regional precipitation in northern Europe is available so far. Anthropogenic influence on observed changes in precipitation has been successfully detected at the global scale, in the Arctic and in northern midlatitude precipitation extremes. Consistent with the assessments of circulation changes, climate models are found to underestimate observed precipitation changes as well. Correspondence of observed and simulated changes in precipitation increases after removing the effect of the major mode of circulation variability.

Attribution of changes in physical properties of the Baltic Sea such as changes in salinity or ocean heat content to human influence has not yet been achieved. Reconstructed salinity and integrated temperature changes for the past 500 years, however, suggest that the most recent changes are not exceptional in the light of historic variability.

The assessment of what caused recent observed change is obviously conditional on our understanding of the climate system. The deficiencies in reproducing observed changes in circulation and precipitation in present-day climate models point to gaps in our understanding. To what extent the lack of understanding of regional circulation changes affects attribution of recent warming to human influence is still a matter of debate, but evidence accumulated so far suggests that warming can be robustly attributed to human influence in summer. Furthermore, additional information on the effect of locally important forcing mechanisms such as aerosols and land-use changes will affect attribution results. Therefore, the here presented evidence for an emerging anthropogenic signal at the regional scale has to be revisited periodically in the light of new findings.
6.3. Aerosols (natural and pollutants)
Leader author: Hans-Christen Hansson

Intro 

It’s a little unclear to me but I think the intention that each of the subchapters should focus on the possible influence on the regional climate by their respective topic. The Intro should then probably be used to describe the structure and content of the chapter, i.e. subchapters, and give some of the major conclusions. I guess we also have to come up with some statement on the importance of Global warming, Aerosols and Land use in the development of the regional climate.
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Outline subchapter Aerosols
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Summary

The effects of atmospheric aerosols on climate are emphasized in the 4th assessment by IPCC (2007). The aerosols affect the present climate through a set of different processes. Aerosols both cool and heat the climate, direct cooling by scattering sun light back to space and indirectly by affecting the albedo and increasing the life time of clouds. Certain aerosols heat the climate, e.g. soot, by absorbing the sun light thus heating the surrounding atmosphere and through decreasing the life time of the clouds. However it is many different atmospheric processes involving particles that have a potential effect on climate. These processes and their influence on climate are in most cases not well known. 

This lacking knowledge gives not only a fairly large uncertainty in determining present climate influence of the aerosols but also the future climate effect of increasing greenhouse gases, e.g. CO2. The reason is the present uncertain influence of aerosols makes it difficult to estimate the influence of the present greenhouse gases. This information is crucial in determining how much increasing CO2, e.g. at a doubling of the natural CO2 concentrations, 550 ppm, will heat the future climate. The expected increase in global temperature at a doubling of the CO2 concentration will according to the IPCC most likely be in the range of +1.5 – +4.5⁰C.  The IPCC report further stated that it was ‘‘very unlikely’’ (less than 5% probability) that the climate sensitivity is less than 1.5 ⁰C, but was unable to recommend a corresponding very unlikely upper bound to the estimate, stating rather that on the basis of present understanding values greater than 4.5 ⁰C could not be excluded. This uncertainty is clearly dominated by the lacking knowledge of the influence of the aerosol on climate (Schwartz et al., 2010).

The natural atmospheric super micron aerosol originates mainly from sea spray and from the large arid areas and deserts while the submicron aerosol mainly is secondary originating from nucleation processes forming new particles that grow in size by condensable gases and in interaction with clouds and cloud water chemical processes. Anthropogenic emissions are mainly adding to the submicron aerosol and have increase the total submicron aerosol globally seen with a factor 2-3 (Kiehl and Rodhe, 1995). The submicron aerosol dominate climate influencing processes as light scattering and cloud formation processes implying a substantial influence of anthropogenic aerosols.

Airborne particles affect human health and is presently the major air pollution effect, e.g. from economical point of view. The magnitude of this is illustrated by the number of premature deaths which has been estimated to about 300 000 per year in the EU (WMO, 2002). The long distance transported share of particulate matter  reach often more than 50% in big cities in central Europe and dominate the mortality effects, e.g. long distance transported aerosols causes more than 2/3 of air pollution induced premature deaths in Sweden ( Forsberg et al, 2005). Other air pollutants as ozone has besides considerable health effects also damage crops and forests. 

Particles, including black carbon and ozone, are called Short Lived Climate Forcing components (SLCF) due to their relatively short life time in the atmosphere, thus affect the closest region, and are air pollutants and affects climate. Concerning these pollutants abatement will thus affect climate. Climate change mitigation will in turn affect air quality. This implies that an integrated air quality and climate change abatement policy is needed for a cost effective mitigation (Amann et al. 2008).

SLCFs impact the region where they are emitted or formed. Particles typically have a life time of up to a week giving them a transport distance of mostly less than 2000 km. Ozone is a hemispheric pollutant as it has a life time of about a month. If the global climatic influence of particles and ozone is as estimated by IPCC the regional climate effect probably is considerable to cause such global impact. The sulfur emissions in Europe was about 50 Mtons/y 1980, at that time estimated to about 20% the global anthropogenic sulfur emission. The European emission has decreased more than 80%. So far the only effect reported is decreased occasions of observed fog with more than 50% (Vautard et al., 2009). Still regional climate models are not able to describe the effect of regional SLCF’s.
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1. Introduction

This chapter seeks to review our current understanding of land cover changes, both in terms of land use and natural vegetation changes, and how these land surface dynamic processes influence regional climate change in the Baltic Sea Basin.

Understanding of land cover-climate feedbacks has increased over the last decade through sensitivity studies with global Earth System Models (ESMs) (IPCC, 2007). Since the mechanisms involved in, especially, biophysical feedbacks are governed by regional mechanisms, the use of regional climate and vegetation models could potentially identify feedbacks not captured at the course resolution of global models. For the Baltic Sea region such studies are few to non-existing, but within the scope of Europe some studies are available. These studies,however,address the role of potential natural vegetation changes but are important contributors to the understanding of the underlying terrestrial and atmospheric processes and are thus valuable in terms of exploring the climatic sensitivity to land cover changes. Natural ecosystem responses to climate are however comparably slow and the resulting feedbacks identified in available regional modelling experiments are often weaker than those feedbacks identified in global studies, many of which, however, are based on the assumption of extreme shifts in vegetation cover (e.g. Bala et al., 2007).A growing number of regional future land use scenarios (predominantly over Europe rather than purely focusing on the Baltic Sea region) enable a more realistic approach to explore the role of land cover changes in regional climate change. 

2. Feedbacks between land surface and atmosphere

Radiation and energy balance (Patrick Samuelsson):

Changes in land use and resource management are important contributors to regional climate change since they determine the land cover and thus influence the interaction between the land surface and the atmosphere both in terms of radiation and energy balance.In addition, climate induced natural vegetation changes may cause feedbacks to climate, especially in the boundary zones between the major biomes (e.g. the tundra-boreal forest ecotone). The physical properties of the land surface and the underlying terrestrial processes interact with the lower atmosphere according to the following principles:

Biophysical feedbacks (Anna Wramneby, Thomas Kleinen):

Vegetation related feedbacks to climate are categorized into two subgroups 1) biophysical feedbacks related to structural changes in the vegetation and 2) biogeochemical feedbacksrelated to terrestrial carbon sinks and sources (Findell et al., 2007). In terms of attributing causes to regional climate changes the biophysical feedbacks are of particular interest since these exert a direct measurable effect on regional climate. Biogeochemical feedbacks are more relevant for the global climate due to the quickly dissolving characteristics of CO2 in the atmosphere and can therefore be regarded as having an indirect effect on regional climate. Here we focus on our current understanding of the direct effect of biophysical feedbacks and future trends in these feedbacks associated with changes in land use and resource management. However, it is important to remember that many of the socio-economic factors controlling future land use policies take the indirect biogeochemical processes rather than the direct biophysical ones into consideration (Jackson et al., 2008). The reason for this is presumably the numerous research studies available on CO2 and its role in global climate and terrestrial change. In other words, our current understanding of land cover changes and their biophysical feedbacks in regional climate change is limited in comparison to the large scale carbon cycle feedbacks.

Albedo feedbacks

The albedo can be defined as the proportion of the incoming solar radiation reflected by a surface. As such the albedo influences the energy available at the land surface. The sharpest contrast in the albedo would be between open land and forested areas, especially in the presence of snow since snow would be completely exposed on open land but partly covered in a forested area (the snow masking effect).Since the albedo feedback under these circumstances has been shown to be of significant magnitude (Bala et al., 2007) even the slightest change in species composition or land management in terms of forest thinning could give rise to important albedo feedbacks (Vesala et al., 2005). 

Hydrological cycle feedbacks

Hydrological cycle feedbacks are related to structural changes in the vegetation in terms of changes in Leaf Area Index (LAI, the ratio of one-sided foliar area to the ground area covered), roughness length and rooting depth. Whereas LAI influences the amount of interceptive water and energy usage at the land surface partitioned into sensible and latent heat, the roughness length affects the turbulent mixing of the heat fluxes to the atmosphere. Rooting depth is important since a deeper and/or more extensive root system makes it easier to extract soil water. A comprehensive vegetation cover also reduces runoff.In environments where neither temperature nor water limits vegetation growth, the vegetation present tends to flourish, which increasesboth LAI and the roughness of the surface. Since the vegetation recycles or transpires water through the leaf stomata, increasing LAIs are also associated with an increasing evapotranspiration,which results in a larger fraction of the surface-atmosphere energy flux being partitioned into latent heat at the expense of sensible heat. Sensible heat warms the atmosphere close to the vegetation surface, whereas latent heat is stored in the released water vapour and warms the atmosphere first when condensation occurs, typically some distance away and further up in the atmosphere. The hydrological cycle feedback associated with a strong evapotranspiration is therefore a dampening effect on local to regional temperatures since more energy is needed in the process of vaporization.An increasing roughness length would then tend to emphasize the feedback through increased turbulent mixing in the atmosphere. 

3. Historical land cover changes and feedbacks

Natural changes (Mari-José Gaillard):

For obvious reasons current and future trends in vegetation-climate feedbacks are to a large extentcontrolled by/a consequence of human induced land use changes (). Pre-historic climate changes may however to a significant effect also have been attributed tonatural vegetation changes. Studies of historic and pre-historic vegetation related changes in regional climate also provide important evidence of the existence of a land cover-climate feedback system.

Land use changes (Anne-Birgitte Nielsen):

4. Potential future trends in land cover and associated feedbacks

Resource management (Johan Bergh):

Bindi and Olesen, 2011: The responses of agriculture in Europe to climate change

Anderson et al., 2011: Biophysical considerations in forestry for climate protection

Future land cover change scenarios and associated feedbacks (Anna Wramneby + Thomas Kleinen):

Globally, a number of future land use change scenarios have been explored and over the recent decades regional scenarios have emerged for different parts of the world (Alcamo et al., 2008). Regional studies pinpointing future changes in the Baltic Sea region arevery limited, but over the European domain a growing number of future land use scenarios are becoming available. The difficulty in moving focus from global to regional future land use scenarios lies in the variety of possible outcomes since more details and locally specific questions need to be considered at the regional scale (Carter et al., 2007; Alcamo et al., 2008; Metzger et al., 2010).

As concluded in the 1st Assessment Report of Climate Change for the Baltic Sea Basin - BACC I (Smith et al., 2008), future land use trends in Europe are associated with comparably rapid technological progress suggesting that the required food production will be sustained by a smaller agricultural land fraction. Abandoning agricultural land enables reforestation in large areas and this is also the current and future general trend according to available land use scenarios in Europe (e.g. Rounsevell et al.,2006).The general future land use trend in Europe could be assumed to be applicable also for the Baltic Sea region although a few studies conversely have indicated a sustained or even an expansion in the agricultural fractionfor some of the Baltic Sea countries (e.g. Denmark and Finland inAudsley et al., 2006). The feedbacks to climate from such regional land use changes are to a large extent relativelyunexplored. Biogeochemical feedbacks from regional land use changes have been discussed in the concept of global climate change in some studies (Carter et al., 2007; Rounsevell andReay, 2009) but the direct biophysical feedbacks in relation to expected land use changesare yet to be addressed.

A wide range of global land cover-atmosphere modelling experiments have been performed over the last decades to infer the role of land surface dynamics both in terms of CO2 exchange and biophysical factors. The majority of these studies have however either explored the role of extreme shifts in land cover (Bala et al., 2007) or investigated the role of potential natural vegetation changes (). Global modelling also implies a grid resolution far larger than the scale necessary to capture local to regional processes (Hibbard et al., 2007). Since the biophysical feedbacks are likely to play a more dominant role in regional rather than global climate change, our understanding of the underlying mechanisms and what to expect regionally in the future is only starting to emerge.

Biophysical feedbacks to the regional climate mean state

Studies of potential natural vegetation changes and their biophysical feedbacks to regional climate give some indications of what to expect in the future since the underlying mechanisms are likely to be similar for natural vegetation and land use vegetation. For the European domain such studies of future biophysical feedbacks from potential natural vegetation changes point in the direction towards a boreal tree line advance into the tundra regions in northerly regions (Barents Sea region: Göttel et al., 2008; Europe: Smith et al., 2010; Wramneby et al., 2010). The most significant feedback associated withthe forest expansionat these northerly latitudeswould be the well-known albedo feedback in terms of an albedo reduction, which also (at least according to a number of global studies (Betts, 2000; Bala et al., 2007))is presumed to be strong enough to offset the climate gains from increased carbon sequestration. The albedo effect would be most significant in winter and spring when forests mask snow causing an additional regional temperature rise. The feedback loop becomes strengthen as an even warmer climate and an extensive snowmelt also indicate an earlier and longer growing season, which in turn promotes further forest expansion. 

While the albedo feedback and its amplifying effect on climate warming is expected to be the most important biophysical feedback in boreal regions (Strengers et al., 2010) such as northern Europe, alarger forest fraction also implies a contrasting biophysical feedback mechanism in terms of enhanced evapotranspiration. This feedback may however be of minor importance for the boreal forests dominated by needleleaved evergreens since these forests are associated with a comparably weak evapotranspiration rate(Bonan et al., 2008). For the part of the Baltic Sea region that falls within the boundaries of a more temperate climate,the role of evapotranspiration might however be of greater importance because of the dominance of broadleaved deciduous forests although some disagreement prevails about the role of temperate forests in climate change (South et al., 2011).Significant feedbacks from such changes in thehydrological cycle were for example identified in Wramneby et al. (2010), who applied the regional climate-vegetation model RCA-GUESS (Smith et al., 2010) over Europe to investigate the role of long-term vegetation-climate feedbacks from future greenhouse forcing to changes in mean climate. In central Europe CO2 fertilization and increased water use efficiency caused vegetation to respond positively, increased leafiness (higher LAI) enhancing evapotranspiration and mitigating regional climate warming. The hydrological cycle feedback in central Europe sharply contrasted the response in southern Europe, where significant future warming and reduced precipitation restricted plant growth and survival. The drier future summers, predicted in southern Europe, were associated with a decline in LAI due to soil water limitation and reduced evapotranspiration amplifying regional climate warming.

Given that the majority ofavailable future land use scenarios at the European scale point in the direction towards increasing fractions of forested areas in parallel with a reduction in agricultural land, proposesthat the resulting feedback syndromes could be similar to those identified above. This would imply a positive (warmer climate) albedo mediated feedback in winter when previously snow covered agricultural land becomes replaced by snow masking forested areas and at least potentially a negative (colder climate) feedback from an enhanced hydrological cycling in summer due to higher LAIs.The biophysical feedback effects on precipitation and cloudiness over Europe are less clear. Wramneby et al. (2010)was for example not able to find any evidence that variations in cloudiness and precipitation over Europe could be attributed to vegetation dynamics. The lack of any established relationship between an increased/reduced evapotranspiration and precipitation and cloud formation over Europe could be attributed to the fact these are strongly determined by Atlantic convection. This may tend to overwhelm any feedback signal from vegetation-mediated changes in evapotranspiration. Also, the ratio between sensible and latent heat exerts strong local control on temperature, but effects on cloud formation and precipitation will take place at the site of condensation, further away and higher up in the atmosphere, diffusing the signal (Wramneby et al., 2010).Incorporating the role of likely land use scenarios might however strengthen the feedbacks identified so far and potentially also discover feedbacks syndromes in precipitation and cloudiness.

Biophysical feedbacks to regional climate variability

The long-term effects of biophysical feedbacks on regional climate change may very well go in line with the features suggested above. Future land cover changes are however not only interesting in terms of feedbacks to the regional mean climate state. Recent studies have emphasized the role of feedbacks in climate variability and have shown that thatland cover-climate feedbacks might behave very differently from those feedbacks expected in the long-term. Although changes in land use are often considered as non-climatic causes to increased climate variability, a growing number of studies have also been able to show that processes at the land surface may contribute to increased climate variability through direct land surface feedbacks. Such direct biophysical feedbacks to climate were for example shown in Seneviratne et al. (2006),who performed a suite of climate sensitivity model simulations with and without soil moisture responses to infer the role of the land surface, attributing a substantial fraction of the future temperature variability in Europe to land surface processes mediated by soil moisture feedbacks.In one aspect, climate variability gives us a better understanding of climate change, since the concrete consequences already have been observed through recent years extreme climate events in terms of floods and droughts. For the European domain, and certainly relevant also for the Baltic Sea countries, such events have already had severe consequences (Della-Marta et al. 2007).A subsequent study, about the role of land cover-atmosphere feedbacks as explanatory factors behind recent European climate variability, has recently revealed the possibility that the climate beneficial long-term cooling effects from forests maintaining a reasonable evapotranspiration rate as compared to open land could be reversed at least in the beginning of a heat wave (Teuling et al., 2011). By comparing eddy flux tower measurements from the European FLUXNETsites,Teuling et al. (2011) could show that the evapotranspiration from water conservative forests is significantly less in comparison to open land in the initial state of a heat wave. Conversely, as the heat wave continues soil moisture depletion prevents further cooling over open land whereas forests can continue to cool the atmosphere. 

Summary

This chapter sought to review our current understanding of land cover changes as a cause to regional climate change in the Baltic Sea Basin. The main findings are as follows:

Biophysical land cover-atmosphere feedbacks have been important contributors to regional climate changes in the past.

Studies of feedbacks to climate in response to potential natural vegetation changes and large-scale land use changes explore the sensitivity of climate to vegetation changes and have during the recent decades increased our understanding of the underlying mechanisms.

Studies of biophysical feedbacks in response toavailable future land use scenarios do not exist at the regional scale such as the Baltic Sea Region.

Regional future land use scenarios are emerging. The general future land use trend in Europe according to the majority of available scenarios points in the direction of a conversion of agricultural land into forests. 

Feedbacks associated with forest expansion in temperate, boreal and arctic regions are related to albedo reductions (warming) in winterand early spring. The role of hydrological cycle feedbacks in these climate zonesare less understood but could be relevant in spring and summer at least in temperate climate zones. 

It is expected that the outcomes from additional regional to local future land use scenarioswill widely diverge as more detailed information becomes incorporated into the models. This would in turnyield multiple possible outcomesrelated to the resulting biophysical feedbacks.

Climate policies of today barely reflect the consequences of biophysical land-atmosphere feedbacks.

Biophysical land cover feedbacks in a short-term perspective could contrast those feedbacks relevant in the long run.
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