Chapter 3. Recent (mainly 200 years) and current climate change
3.1. Introduction and summary

3.2. Atmosphere
Leader author: Anna Rutgersson
Contributing authors: Jaak Jaagus, Frederik Schenk, Martin Stendel, also additional co-authors
Structure agreed upon at the meeting in Uppsala 16 May 2011

3.2.1. Large scale circulation

Number of deep cyclones (<980 hPa) in the North Atlantic/European sector in winter (DJFM) counted by 20 periods has increased from 1968/69-1987/88 to 1988/89-2007/08. Thereby, the area of maximum number of cyclones located in the North Atlantic between Greenland and Iceland has extended to the north-east towards the Barents Sea (Fig. 3.2.12). Its influence on the Baltic Sea area has increased. At the same time, a weak increase of SLP in winter and spring during 1961–2005 is recorded in the Czech Republic located on the southern border of the Baltic Sea Basin.
3.2.2. Surface pressure and winds

A detail analysis of trends and regime shifts was performed for upper wind components on 850 and 500 hPa level measured at the Tallinn Aerological Station during 1955-2007. An increasing trend in time series of the zonal component was earlier detected in February and of the meridional component in March for 1955-1999. Using the updated series these trends did not persist. At the same time, multiple regime shifts were clearly detected
3.2.3. Temperature

Earlier studies have detected quite a significant surface air temperature increase in the Baltic Sea region during 1871-2004 (BACC 2008). The 20th century was divided into three main phases: warming in the beginning of the century until the 1930s, later cooling until 1960s and another distinct warming during the last decades of the time series. Linear trend of the annual mean temperature was 0.10 K per decade north of 60°N and 0.07 K per decade south of 60°N in the Baltic Sea Basin. It can be seen that the warming trend has continued during last the years with an exception in winter. Two last cold winters (2009/2010 and 2010/2011) have caused the smoothed curve to turn downward.
3.2.4 Precipitation

Precipitation trends in the Baltic Sea Basin have not been such uniform as the temperature changes. There have been regions and seasons of precipitation increase as well as of decrease (BACC 2008). Nevertheless, a general increase in precipitation during the cold half-year has been typical for the northern Europe during the last decades. During the short period 1979-2008 less precipitation was observed in northern and central, and more precipitation in southern Baltic Sea region (Lehmann et al. 2011). Trend patterns for single seasons were rather different.
3.2.5 Cloudiness and radiation
Mean cloudiness and sunshine duration have had remarkable long-term fluctuations over the Baltic Sea Basin during the 20th century. Thereby, the trends were of nearly opposite sign between the northern (Estonia) and southern (Poland) parts of the study region (BACC 2008). There is a trend to less cloud cover over the Baltic Sea basin by -1% per decade with seasonal contribution in 1970–2008 during spring and autumn. Increasing cloud cover was detected for those parts of Scandinavia exposed to westerlies, the Kola Peninsula and southeast from the Gulf of Finland (Fig. 3.2.10), which is mostly contributed during winter and summer. Negative trend revealed in the Bothnian Sea and Kattegat.
3.3. Land
3.3.1. Hydrology

Leader author: Jukka Käyhkö
Contributing authors (still partially unsettled, unfortunately):
Denmark: ClausKern-Hansen (CKH@dmi.dk)

Estonia: Kovalenko Olga (Olga.Kovalenko@emhi.ee) / AlvinaReihan (alvina.reihan@ttu.ee)

Finland: Esko Kuusisto (esko.kuusisto@ymparisto.fi) / Johanna Korhonen (johanna.korhonen@ymparisto.fi)

Germany: Johannes Cullmann (cullmann@bafg.de)

Latvia: ElgaApsite (eapsite@lu.lv)

Lithuania: JurateKriauciunienė (hydro@mail.lei.lt) / ArvydasPovilaitis (arvis@hidro.lzuu.lt)

Poland: MarzennaSztobryn(marzenna.Sztobryn@imgw.pl)

Russia: still unsettled; have contacted  Valery Vuglinsky (vvuglins@vv4218.spb.edu);member of SSC plus previous LA, hence not possible as contributing author

Sweden: Cristina Edlund (cristina.edlund@smhi.se)
Background:

The hydrology author team is in the process of going through lately (since 2006) published papers dealing with current and past hydrology of the Baltic Basin. In addition, national and wider databases (e.g., Nordic version of the European Water Archive (EWA) of the Flow Regimes from International Experimental and Network Data Project [FRIEND]) are being browsed for a (potentially) harmonised view of the changes, although these have been published in various reports, too. The original BACC Hydrology appears somewhat biased towards information from the Nordic countries, whereas Russia, specifically, was under-represented given that it hosts the largest of the catchments (Neva). We therefore aim at putting a strong emphasis on ironing out the bias where possible. The planned new Annex “Physioraphic Nature of the Baltic Sea drainage basin”is suggested to include a coherent description of catchments of the Baltic Sea basin listed by country, for example, as follows:
•
number

•
size

•
land use (perhaps with a general overview of “anthropogenic  factor”)

•
drainage density (perhaps with a connection to bedrock and sediment properties + topography)

•
regulation (dams etc.)

•
lakes (%)

•
mean runoff
plus:
•
sources of data and uncertainties

•
national& other data (cf.  App. 4.3 in BACC I) 

•
knowns and unknowns per country/region

So far analysed papers mostly confirm the findings reported in BACC (2008). There are ca. half-a-dozen new papers where discharge and runoff has been studied in a broad context, plus more numerous papers dealing with single catchments or small regions in various countries.A much larger selection of papers has been published lately on projected future changes in hydrology.  There is a need to adjust the ‘grey zone’ between chapters 3.3.1 and 4.3.2.

Below, some key publications are briefly introduced.  

For long-term (century time-scale) changes, Hansson at al. (2010) report - based on temperature and atmospheric circulation indicesfrom year 1500 onwards- that runoff to the Baltic appears to be strongly linked to temperature, wind and rotational circulation components in the northern region and Gulf of Finland. On the contrary, in the south runoffis more associated with rotational and deformation circulation components. Although decadal and regional variability is large, no significant long-term change has been detected in total river runoff to the Baltic Sea during 500 years. Analysis of runoff sensitivity to temperature suggests that southern regions may become drier with rising air temperatures, whereas in the north and around Gulf of Finland, warmer temperatures are associated with larger river runoff. Over the past 500 years, the total river runoff to the Baltic Sea has decreased in response to temperature increase by 3%, or 450 m3/s, per C°.

Regarding decadal changes, Hisdal et al. (2009) have revised and extended their earlier analysis (Hisdal et. al. 2003) included in BACC. Currently, the data consists of more than 160 streamflow records.The Mann-Kendall trend test was applied to study changes in annual and seasonal streamflow as well as floods and droughts for three periods (Fig. 1):
•
1961-2000

•
1941-2002

•
1920-2002
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Figure 1.Trends in annual stream flow for the periods 1920-2002 (left), 1941-2002 (middle) and 1961-2000 (right). Hisdal et al 2009.

Regional patterns detected by Hisdal et al. (2009) were influenced by the analysed period and the selection of stations. However, generally trends towards increased streamflow dominated annual values plus winter and spring seasons. Trends in summer flow were highly depended on the analysed period whereas no trend was found for the autumn season. A signal towards earlier snowmelt floods was clear. Comparison of the findings to various streamflow scenarios demonstrated that the strongest detected trends are coherent with changes expected in the scenario period, for example increased winter discharge and earlier snowmelt floods. However, there are also expected changes that are not reflected in the trends, such as an increase in autumn discharge in Norway. 

As a conclusion,Hisdal et al. (2009) suggest that the observed temperature increase has clearly affected the streamflow in the Nordic countries. These changes correspond well with the estimated consequences of a projected temperature increase, whereas the impact of the observed and projected precipitation increase on streamflow is somewhat ambiguous.

An example of a recent regional study is one by Klavins et al. (2009), where ice and discharge regimes were studied in 17 rivers in the Baltic countries and Belarus.  Both ice regime and seasonal river discharge werr demonstrated to be strongly influenced by large-scale atmospheric circulation processes over North Atlantic manifesting through close correlation with North Atlantic Oscillation (NAO) index.

Anticipated contents of the Hydrology chapter, 15 pages(chapter structures ought to be in harmony, hence exact order as well as contents subject to alterations):

1 Introduction (1 page)

[more detailed catchment information will be given in the Appendix “General Physiography…”]

2 Briefing of BACC I findingsfor background (1 page; perhaps largely in table format) 

3 Basin-scale broad changes in discharge patterns(4-5 pages)

•
Long term (century)

•
Short term (decadal)

4 Regional and seasonal variations, and trends (4-5 pages)

•
Recent and present changes in regional discharge patterns

•
Recent and present changes in seasonal discharge patterns

5 Extreme events; floods and droughts (1-2 pages)

6 Conclusions plus synthesis of the findings (1-2 pages)

•
Discussion on the reasons for changes (climatic and non-climatic)

•
Discussion on the effects on and interactions with biotic and other abiotic systems (with reference to other relevant sections)
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Content 

1. Background 

- Roles and importance of the terrestrial cryosphere components 

- Terrestrial cryosphere of the Baltic Sea watershed area 

(Short description of the mean cryospheric conditions, regional variation and extremes; based on the BACC I Appendix A.1.3.5) 

- Sources of data and uncertainties 

- Summary and analysis of the BACC I finding 

- Summary and analysis of the findings in other large assessments since 2007 

2. Recent and present changes in seasonal snow cover 

2.1 Snow cover formation, duration and melt 

2.2 Snow depth and snow water equivalent 

2.3 Snow cover extent 

2.4 Snow structure and properties 

2.5 Extreme events 

3. Recent and present changes in glacier mass balances 

4. Recent and present changes in ground frost 

4.1 Seasonal ground frost 

- Formation, duration and melt 

- Depth and extent 

4.2 Permafrost 

- Depth and extent 

5. Discussion and conclusions 

- Synthesis of the findings. 

- Possible reasons for changes (climatic and non-climatic) 

- Effects on and interactions with other biotic and abiotic systems
Summary (version 1.9.2011)

Terrestrial cryosphere of the Baltic Sea watershed area includes seasonal snow cover, Swedish glaciers and frozen ground (some permafrost areas and seasonally frozen soils). Components of terrestrial cryosphere are affected by seasonal weather, especially winter air temperature and form of precipitation, and by long-term changes in climate. Changes in seasonal snow cover (amount, extent and duration), glacier mass balance and ground frost have several climatological, ecological and socio-economical consequences.

According the published literature up to preparation of the first BACC report (2007), several climate related changes had been observed in the snow cover in the Baltic Sea watershed area. In whole of the northern Eurasia, winter air temperatures had been observed to rise. In the southwestern regions of the watershed area a decrease had been seen in the snow depth due to this and to an increase in the liquid proportion of precipitation during wintertime, while an increase in snow storage and in duration of snow cover had been observed in the north-eastern regions. In Finland and in Sweden the risen temperatures had led to intensified wintertime snow melt in some parts of the country, and a recent decrease in snow cover duration and water equivalent had been observed in the southern parts of all the Fennoscandian countries. On the other hand, total snow storage had increased in east and north. In the Scandic mountains there had been enhancement of precipitation and, according to that, thicker snow covers. In Estonia a recent negative trend had been observed in duration of the snow cover, snow depth and in snow water equivalent. Decrease in snow cover days had been observed also in Latvia. Same kinds of trends were found also in Lithuania and in Poland. In the northwest of the eastern European plain, snow storage had increased in accordance with the winter temperatures and precipitation.

Since publication of the first BACC report (2007), other significant assessments have been published, with some emphasis on Northern European cryospheric conditions.

The Global outlook for snow and ice (UNEP, 2007) reports that the Northern Hemisphere mean monthly snow-cover extent has declined at a rate of 1.3 % per decade during the recent 40 years. It also reports the long-term increase in snow depth and duration of snow cover in some parts of the northern Eurasia. A decreasing trend in winter time northern hemisphere snow covered area is also reported by Lemke and Ren (2007) in the Fourth Assessment Report of the Intergovernmental Panel on Climate Change (AR4). They conclude that lowlands in central Europe have seen recent reductions in annual snow cover duration, but greater snow depth but shorter snow season has been observed in Finland and in the former Soviet Union area. In an assessment by Voight et al. (2010), decreasing trends in European snow depth, snow cover extent and length of the snow season are reported, except in the northern parts of Scandinavia. This assessment also points out the observed cumulative loss in glacier ice thickness in inland Scandinavia during period of 1967-2008.

In this chapter the knowledge described in the previous paragraphs will be updated based on the recent literature on the observed recent (up to 200 years) and current change in the snow cover, and also in other components of the terrestrial cryospheric regime. When appropriate, findings are divided according the countries. Some findings are valid for the whole Baltic Sea watershed area, and for some cryospheric components the perspective has to be restricted to limited areas only - glaciers are found only in Sweden in the Baltic Sea watershed area, and also permafrost is a marginal phenomenon.
3.4. Baltic Sea
3.4.1. Marine circulation and stratification
Lead author: Jüri Elken
Chapter summary pending

3.4.2. Sea Ice
Lead author: Jari Haapala
Chapter summary pending
3.4.3. Sea level and wind waves
Lead author: Birgit Hünicke (Helmholtz-Zentrum Geesthacht, Germany)
Contributing Authors: 
Milla Johansson (Finnish Meteorological Institute, Helsinki), Kristine

Skovgaard Madsen (Danish Meteorological Institute, Copenhagen), Ülo

Suursaar (Estonian Marine Institute, University of Tartu) and Tarmo

Soomere (Institute of Cybernetics at Tallinn, University of Technology)

The chapter ‘Sea level and wind waves’ will give a comprehensive overview of the state of the art of sea-level related research in the Baltic Sea on recent and current time scales. It will be structured into three main sections, focusing on mean sea-levels, extreme sea-levels and wind waves. 

A general introduction will describe the importance of studying sea-level within the context of anthropogenic climate change on global to regional scales by briefly describing possible impacts and explaining the role of global versus regional sea-level values. The relationship between studies of mean and extreme sea-levels and their connection to studies of wind waves will be outlined.  After the three main sections, a conclusion will summarise the findings.

Mean Baltic Sea-level change 

The first Section will focus on the main factors affecting mean Baltic sea-level change, considering global, regional and local scales. Short definitions of existing classifications of these factors will be given and discussed. At global scales, the brief discussion will include factors such as the thermal expansion of the water column, melting and flow of land ice masses, land movement due to GIA effect and other technical effects, but also gravitational effects of ice disappearance and uncertainties in terrestrial water storage.

At regional to local scales, meteorological influences (e.g. the influence of atmospheric forcing factors or changes in the water balance, salinity changes or circulation changes), and land movement effects due to the glacio-isostatic Adjustment or other tectonic influences will be outlined in more detail. Although land movement effects (e.g. GIA) do not stand in direct relation to the issue of anthropogenic climate change on time-scales of decades to centuries, these effects are a major driver of sea-level change in the Baltic Area and therefore need to be focused on in more detail.

As the study of sea-level changes would not be possible without observations, one subsection will focus on the up-to-date availability of sea-level observations, including tide gauge records, and available datasets of satellite altimetry and other advanced geodetic techniques (GPS measurements). The homogeneity of these datasets will be briefly discussed, also in terms of availability due to different data sources (e.g. Permanent Service for Mean Sea Level, national Data Sources) and the role of absolute versus relative sea-level measurements. Also, the role of Baltic Sea level observations within the context of global mean sea-level studies will be pointed out, as the Baltic Sea is one of the world’s most investigated areas in terms of long-term sea-level measurements at tide-gauges.

Following, the available knowledge of Baltic Sea level variability within the observational period (around 1800-today) will be presented with focus on mean observed sea-level trends. The outcome of the different research studies will be mapped for the whole Baltic area (probably for each country, if available), labeling the relative (to land) and absolute values calculated from the different studies, including uncertainties. As the relative values are the important ones for regional impact studies, absolute values allow for a comparison with global mean sea-level values. The question of accelerating Baltic sea-level rise will also be discussed. Finally, a closer look at uncertainties and caveats due to several reasons (e.g. different national height and measurement systems, different used data sources), and also due to different applied statistical methods to analyse the datasets will be presented. This is also necessary to understand the uncertainties of a global mean sea-level value in relation to a regional value.

Extreme Baltic Sea levels 

Physical factors for extreme sea-level events in the Baltic Sea will be briefly discussed, including the travel of meteorologically forced positive-negative surge zones along the Baltic Sea, components and typical courses of (local) storm surges and the development of minimum sea-level events (negative surges). Statistics and long-term trends of extreme sea-level will be discussed based on the available literature, focusing on return periods and return values and long-term variations in annual extremes and their connections with storm climatology. A short overview of prominent events will be given and storm surge prone areas in the Baltic Sea will be named. A map of a collection of observed historical water level maxima in the Baltic Sea will be compiled. Finally, results out of hydrodynamic modelling approaches will be compared and discussed.

Wind waves

Sources of wind wave climatologies will be discussed with focus on visual observations and instrumental measurements, regional and basic-wide simulations as well as long-term wave properties (including average and extreme heights, occurrence distributions, height-period combinations). A map will be compiled showing all up-to-date available long-term wave observations (visual and instrumental). Spatial-temporal patterns of variations will be described by focusing on inter-annual to (multi)-decadal changes and spatial patterns of variations. Consequences to safety, coastal evolution and ice cover length will be briefly issued.
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