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Supplementary material
This document contains three additional examples illustrating how the shifting strata can be combined with ancillary data to assess regional impacts of climate change.

 

Carpathian Mountains 

This sample region covers a large part of the Carpathian mountain range in Romania and the Transylvanian plain. The mountain range has peaks of over 2000m, with Alpine grasslands harbouring endemic species (e.g. Bruckenthalia spiculifolia). The slopes of the mountains are covered by spruce forests, and lower on the slopes mixed forests, and deciduous forests. The plain is covered by arable and grassland, the latter containing distinct Pannonian species (e.g. Ferula sadleriana).  However, these grasslands are largely a result of over-exploitation by man, and the Potential Natural Vegetation for this region is considered to be beech and mixed coniferous broad-leaved forests (Bohn et al. 2000).

 

Under the climate change scenarios, summers are projected to be much warmer and drier. The other seasons will also be warmer, but winter and spring are projected to be wetter. As Figure S1 shows, this translates into major environmental shifts. Most notably, the Carpathian environments have disappeared, with the exception of Mt. Moldoveanu (2544m). They are replaced by EnS stratum CON12 (currently low mountains and undulating plains in south-eastern Europe) and for the higher altitudes CON8 (currently the foothills of the South Carpathians). The plains also change in character: They are now covered by PAN3, the driest, steppic, Pannonian stratum.

 

Figure S1.
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Figure S1. Shifting environments and climate change in the Carpathian sample region and the Potential Natural Vegetation for the mountain range (Bohn et al. 2000)

 

The projected environmental shifts are likely to cause major changes in the vegetation of the mountain range, because the species restricted to high elevation will have no comparable environments into which they can disperse. Other effects can be deduced from current land cover and maps of potential vegetation (Figure S1). Deciduous tree species will be able to expand to higher altitudes as the climate becomes more mesic. Similarly, the spruce forests will regenerate in the Alpine grasslands, causing a loss of endemic species. This process could occur relatively rapidly, because there will be little competition for the colonising spruce trees in the grasslands. This would be comparable to the reported expansion of forests at high altitudes in Scandinavia (Austad et al. 2004). In the plains, the shifting environment will have less influence on biodiversity. The current Pannonian characteristics, maintained by human influence, are likely to be enhanced by the drier and warmer climate, and more pronounced steppic species are likely to expand at the expense of less extreme species. For arable crops the change will probably have serious consequences. Production is currently marginal and it seems unlikely that there will be significant investment in adaptation measures.

 
North-western Iberian Peninsula 

This sample region covers Galicia and the western Cantabrian mountains (Spain), and northern Portugal. Near the Atlantic coast, the region has a moist, Lusitanian climate. Towards the south-east, the region becomes drier and the character changes to Mediterranean, with associated species such as Q. ilex (see Figure S2). The Lusitanian region  is characterised by heathland vegetation, eucalyptus plantations, and a fine-scale mosaic of agricultural land uses including intensive pastures, cereal production, and some vineyards. This fine pattern is related to the variability in geomorphology and soils. The Mediterranean part of the region is covered mainly by arable land, dominated by low yielding cereal production, and grassland. 

 

The climate change scenario projects considerable warming, especially in the summer, which is also projected to be much drier. The winters are projected to be somewhat wetter. However, the moist, Lusitanian character is projected to change into more Mediterranean environments because of the drier summers (Figure S2). Only small fragments of the Lusitanian strata are likely to remain. Also, as in the Carpathians, the mountain environments of the Cantabrian Mountains will almost disappear. Finally, the southern part of the region changes from a comparatively moderate northern Mediterranean environment into very dry southern Mediterranean environments.
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Figure S2. Shifting environments and climate change in the sample region on the Iberian Peninsula and the current distribution of Quercus ilex – senso lato  (Köble & Seufert, 2001). 

 

The projected environmental shifts are likely to have large impacts on the vegetation in the region. True Mediterranean species, such as Q. ilex s.l. (Figure S2) will be able to rapidly expand into regions which are currently moist. While any future shifts will be limited by the geomorphology and soil characteristics, dispersal distances from the current species pool in the south are short, and species such as Cistus monspeliensis will be strong competitors for the Lusitanian species (e.g. Erica tetralix). Eucalyptus plantations are unlikely to be affected by a warmer climate. However, there is likely to be an increased risk of forest fires in the drier parts of the region, and these are also likely to be hotter because of the current build-up of organic matter. Rain fed agriculture will become a considerable challenge. 

 
South-west England and Wales 

The region is characterised by an Atlantic climate. In the east, EnS stratum ATC2 has a high proportion of intensive arable land (>65%) consisting mainly of wheat, barley, and forage plants (Eurostat NewCronos). The western part of the region contains uplands, with extensive grasslands, heathlands and small wetlands (ATN3: the Cambrian Mountains and southern Pennines) and a few alpine species at higher altitudes in Snowdonia (ATN1). The lower hills of Cornwall and South Wales (ATC3) are dominated by productive pastures, mainly of monocultures of Lolium perenne. Figure S3 illustrates the strong relationship between the EnS strata and land cover. 

 

The climate change scenario projects a relatively minor temperature rise compared to the three other sample regions because of buffering of the climate by the Atlantic Ocean. There are changes in precipitation patterns, with drier summers and wetter winters. Nevertheless, as shown in Figure S3, the EnS strata are relatively stable, with only a slight expansion of the warmer ATC4, and a slight decrease in upland environment. 
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Figure S3. Shifting environments and climate change in the English sample region and current land cover (PELCOM, Mücher et al. 2001). 

 

Although the impacts of the shifting environments are far less pronounced than in the other sample regions, some of the changes are still likely to have impacts. Warmer summers, and increased droughts could negatively affect agriculture. On the other hand, the changes could benefit productivity, especially of the grassland. Some adaptation to the new climate conditions will be required, but other socio-economic changes (e.g. changes in agricultural policy or increased tourism) are likely to be of greater consequence to the agricultural industry than climate change. Wetlands and south-facing slopes, currently areas of high biodiversity, may face declines in more northern species (e.g. Rubus chamaemorus) due to higher temperatures. Conversely, species with southern distribution patterns and currently restricted distributions (e.g. Erica vagans and Rubia peregrina) are likely to expand. The upland vegetation is likely to resist such minor changes, but bogs may dry-out causing loss of species such as Narthecium ossifragum which require high water levels. Migration of new species to the area is restricted, because invasive species will have to cover a significant distance across the Channel.

 

Table S1. Percentage of grid cells allocated to the same stratum as the published map of the Environmental Stratification of Europe (EnS) (Metzger et al., 2005). On average 75.2% of grouped cases were allocated to the same stratum as the published map. For six EnS strata, more than 50% of the grid cells were misplaced. On the next page the location of the EnS strata is described.
 

 
[image: image4.emf]EnS EnS name 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 Total

1 ALN1 89 6 2 3 100%

2 BOR1 3 90 4 3 100%

3 ALN2 2 1 88 3 6 100%

4 BOR2 1 1 4 87 6 100%

5 BOR3 6 1 76 18 100%

6 ALN3 2 86 2 3 7 1 100%

7 BOR4 2 90 8 100%

8 BOR5 11 75 14 100%

9 BOR6 8 84 1 8 100%

10 ALN4 14 83 3 100%

11 ALS1 88 10 2 100%

12 BOR7 6 78 11 4 100%

13 ATN1 90 10 100%

14 BOR8 1 6 87 6 100%

15 NEM1 8 5 74 2 10 2 100%

16 ALS2 77 8 1 3 5 2 4 100%

17 NEM2 1 1 95 3 100%

18 ALS3 5 90 1 4 1 100%

19 ATN2 19 8 3 70 100%

20 NEM3 9 87 4 100%

21 ATN3 2 92 3 1 1 100%

22 NEM5 1 2 8 74 1 14 100%

23 NEM6 2 98 100%

24 ALS4 16 59 2 1 15 7 100%

25 ATN4 10 56 3 7 22 2 100%

26 CON1 86 13 1 100%

27 CON2 7 12 2 1 1 2 38 6 9 1 1 19 100%

28 CON3 1 11 3 2 63 3 2 4 2 9 100%

29 ATN5 2 97 1 100%

30 CON4 1 2 5 2 15 9 2 48 5 4 3 4 1 100%

31 CON5 4 1 2 3 76 2 3 8 100%

32 ATC1 98 2 100%

33 CON6 1 3 63 1 11 8 4 2 8 100%

34 CON7 1 2 2 5 1 2 76 4 4 1 2 100%

35 ALS5 7 3 80 1 8 1 100%

36 ATC2 11 84 5 100%

37 CON8 12 16 65 7 100%

38 CON9 1 1 12 7 2 2 62 6 1 6 100%

39 CON10 8 5 2 83 2 100%

40 ATC3 22 2 72 3 1 100%

41 MDM1 3 75 3 15 2 2 100%

42 ATC4 1 4 10 76 8 100%

43 CON11 5 74 18 3 100%

44 PAN1 2 6 4 6 70 2 8 100%

45 ALS6 1 3 2 2 8 1 47 8 5 12 1 4 6 1 100%

46 PAN2 1 6 2 81 3 1 4 100%

47 ATC5 4 91 1 4 100%

48 CON12 4 13 78 4 100%

49 PAN3 3 13 3 8 71 1 100%

50 MDM2 5 5 4 69 4 3 4 4 1 1 100%

51 MDM3 2 1 3 71 3 2 4 6 3 3 1 100%

52 LUS1 5 14 71 2 1 5 2 100%

53 MDM4 76 3 16 3 2 100%

54 LUS2 8 4 1 88 100%

55 MDM5 8 7 2 5 47 4 3 7 2 2 12 3 100%

56 MDN1 3 6 46 8 6 5 2 16 1 6 100%

57 LUS3 19 54 9 19 100%

58 MDM6 2 9 6 73 6 5 1 100%

59 ANA1 88 11 1 100%

60 LUS4 11 17 28 38 1 4 100%

61 MDN2 22 75 3 100%

62 MDN3 2 2 3 9 4 4 2 59 7 5 2 100%

63 MDM7 3 3 4 1 63 1 1 7 10 6 2 100%

64 MDN4 8 8 1 2 8 3 54 6 5 5 100%

65 MDN5 11 8 1 68 6 2 4 100%

66 MDN6 1 8 1 2 4 6 64 7 6 2 100%

67 ANA2 7 93 100%

68 MDM8 1 11 2 2 57 23 4 1 100%

69 MDN7 2 2 14 3 1 72 2 0 1 3 2 100%

70 MDN8 5 1 1 2 74 1 15 1 1 100%

71 MDN9 7 4 18 1 52 8 1 8 1 100%

72 MDN10 1 99 100%

73 MDS1 1 6 9 10 64 2 6 3 100%

74 MDS2 1 1 1 15 1 1 67 2 3 7 3 100%

75 MDM9 16 68 1 6 8 2 100%

76 MDS3 4 8 7 4 1 23 50 1 3 100%

77 MDS4 2 1 7 2 4 2 69 1 9 2 100%

78 MDM10 5 6 11 3 60 1 3 9 1 100%

79 MDS5 1 5 12 4 22 49 1 7 1 100%

80 MDM11 9 1 86 3 1 100%

81 MDS6 4 1 12 2 77 2 2 100%

82 MDS7 3 1 0 16 15 63 3 100%

83 MDS8 3 1 5 3 10 1 3 67 7 100%

84 MDS9 3 97 100%


 
Description of the location of the EnS strata.

[image: image5.emf]ENS# ENSname Broad geographic description

1 ALN1 Swedish-Finnish Lappland

2 BOR1 Southern Finnish Lappland, Murmanskaya Oblast (Russia)

3 ALN2 Norwegian coast north of Lofoten, Swedish-Norwegian High Mountains (Jottunheimen)

4 BOR2 Västerbotten-Norbotten (Sweden), Soer- Froendelag Hedemark (Norway)

5 BOR3 Central Finland, North-Eastern Sweden, North-Western Russia

6 ALN3 Lofoten-Nordland Naerdale, Romsdal, Sogneflford Telemark (Norway)

7 BOR4 Central and Southern Finland, North-Western Russia

8 BOR5 Swedish Botnian coast, Jämtland Koppaberg, Soloer Halligdal (Norway)

9 BOR6 Turku-Pori, Salpauselkä (Finland), Ladoga Lake, Lovat valley (Russia)

10 ALN4 Norwegian fjords Alesund-Stavanger (Norway)

11 ALS1 High Alps (France, Switzerland, Austria)

12 BOR7 Novgorod (Russia), Eastern Latvia and Estonia

13 ATN1 Faroes, Shetlands, Orkneys, Western Isles, Scottish Highland, Grampian Mountians, Lake District, Snowdonia (UK)

14 BOR8 Westfold-Oestfolen (Norway), Vänern- Örebro, South Botnian coast (Sweden)

15 NEM1 Jönkoping (Sweden), Aland (Finland), Western Estonia, Pskov (Russia), Northern Belarus

16 ALS2 Southern and Eastern Carpathians (Czech Republic, Poland, Slovakia, Romania, Ukraine)

17 NEM2 Saarema (Estonia), Latvia, Lithuania

18 ALS3 Northen periphary of Alps (France, Switzerland, Germany, Austraia, Slovenia. 

19 ATN2 South-West Norwegian coast

20 NEM3 Oestfold (Norway), Skaraborg, Kalmar, Öster Gotland, Stockholm (Sweden)

21 ATN3 Northern Ireland, South-East Scotland, Pennines, Lancashire, East Wales (UK)

22 NEM5 Southern Lithuania, Southern Belarus, Gdansk (Poland)

23 NEM6 South-West Sweden

24 ALS4 Lower parts of Western and Eastern Carpatians (Germany, Czech Republic, Poland, Slvakia, Romania, Ukraine)

25 ATN4 Schleswig Holsten, Niedersachsen, Sachsen Anhalt, Sauerland (Germany), Tyne region, Edinburgh (UK)

26 CON1 Carpathian foothills and Transilvanian uplands (Romania)

27 CON2 Medium elevation mountains and foothills Germany, Switzerland, Austria, Czech republic, Poland, Slovenia, Croatia, Bosnia Herzegovina, Yugoslavia, Bulgaria, Greece, Albania, Macedonia.

28 CON3 Northeastern Poland, Northern Ukraine, central Czech Republic, Northeast Jutland (Denmark), Balitic Swedish coast.

29 ATN5 Jutland (Denmark), Groningen (Netherlands)

30 CON4 Northern Bavaria, Thüringen (Germany),Baltic coast (Lithuania, Latvia), Carpathian foothills (Czech Republic, Slovakia, Poland, Romania, Ukraine)

31 CON5 Brandenburg, Sachsen, Pfalz (Germany), Romanian Moldavia

32 ATC1 Central Ireland

33 CON6 Ardennes (Belgium), Vosges (France), Schwarzwald-Schwaben (Germany), Bosnian Plateau (Bosnia Herzegovina)

34 CON7 Bavarian Plateau (Germany), North-Eastern Alpine foothills (Germany, Austria). Foothill of Tartra (Czech Republic, Slovakia, Poland)

35 ALS5 Pyrenees (Spain, France), and South-Western Alps (France, Italy, Switzerland, Austria, Slovenia, Croatia)

36 ATC2 Sout Eastern England (UK), South-Western Dutch lowlands (Netherlands), Northrhine-Westphalia (Germany)

37 CON8 Foothills of Southern Carpathians (Romania, Bulgaria), Northern Balkan (Bulgaria)

38 CON9 North German plain (Germany, Poland), Middle Danube Plain (Hungary, Slovakia, Ukraine), Moldavian Plateau (Moldavia, Romania, Ukraine)

39 CON10 Great Polish plain, Lubland plateau, Silesian plateau (Poland), Western Ukraine

40 ATC3 Western Ireland, Southwest Wales, Cornwall (UK), Western Brittany, Dordogne (France)

41 MDM1 East Cantabrian Mountains (Spain), Kapela Mountains (Croatia, Bosnia-Herzegovina)

42 ATC4 Flanders (Belgium), Picardie, Champagne, Haute Marne (France)

43 CON11 Low mountains of South-Eastern Europe (Bosnia-Herzegovina, Yugoslavia, Bulgaria, Romania)

44 PAN1 Balkans (Romania), Foothils of the Carpahians (Romania, Moldavia), Vosges (France)

45 ALS6 Picos de Europa, Sierra de la Demanda (Spain), Massif Central (France), outer ranges of western Alps (Switzerland), Outer ranges of Eastern Alps (Austria, Slovenia, Croatia), Dinaric Alps (Croatia, Bosnia, Albania, Macedonia, Greece)

46 PAN2 Middle Danube Plain (Hungary, Slovakia, Austria, Yugoslavia), Black Sea Lowland (Moldavia, Ukraine), Valley of Struma (Bulgaria, Greece)

47 ATC5 Bassin de Paris, Normandy (France)

48 CON12 Low mountains and undulating plains of South-Eastern Europe (Croatia, Hungary, Yugoslavia, Bulgaria)

49 PAN3 Middle and Lower Danube Plain (Hungary, Yugoslavia, Romania, Bulgaria), Southern Ukraine lowlands 

50 MDM2 Cevennes, Turin, Valane, Grenoble (France), Meseta Burgos-Leon (Spain), Pohorje (Slovenia), Northern Croatia, Matra (Hungary), region Ohrid-Prespa (Macedonia), Kaïmakchalan (Greece, Macedonia)

51 MDM3 Ardeche, Drome, Alpes Maritime (France), Sierra cabrera, Gredos, de Molina, de Gudar (Spain), Abruzzo, Alto Adige, Appeninos liguros, Mountains Torino (Italy), Pindos (Greece) 

52 LUS1 Foothills of the Cantabrian Mountains and West Pyrenees (Spain)

53 MDM4 Foothills of Central and Eastern Alps (Italy, Slovenia, Croatia), and the western ranges of the Dinaric Alps (Croatia, Bosnia Herzegovina, Montenegro, Albania)

54 LUS2 Atlantic plains of France (Vendée, Saintonge, Médoc, Graves)

55 MDM5 Eastern Montes de Toledo, southern foothills of Cordillera Cantabrica and Pyrenees (Spain), Southern foothills of Massif Central (France), Appenines (Italy)

56 MDN1 Northern Sierra de la Demanda, Ppadua-Venetian Plain (Italy), Southern foothills of Cordillera Cantabrica (Spain), Paikon (Greece), East Rodopi (Bulgaria and Greece), low mountain of North Western Analtolia (Turkey) 

57 LUS3 Foothills and low mountains in Galicia and Cantabria (Spain) and Beira Litoral (Portugal)

58 MDM6 Western Montes de Toledo, Sierra de Albarrracin, Sierra de Guadar, southern periferee of the Pyranees (Spain), Olypus (Greece)

59 ANA1 West Anatolia (Turkey)

60 LUS4 Les Grandes Landes (France), West Cantabrian Coast (Spain), Minho-Beira Baixo (Portugal)

61 MDN2 Coastal plains of East adriatic coast (Croatia, Bosnia-Herzegovina, Montenegro, Albania)

62 MDN3 Middle Duoro (Portugal, Spain), Gascogne (France), coast of Maroc (Italy), Dinara coast (Croatia), Western Black Sea coast of Turkey.

63 MDM7 Peaks of the Sierra Nevada, Sierra de Segovia (Spain), Corsican mountains (France), Calabrian Apennines (Italy), South Pindos and Erymanthos (Greece)

64 MDN4 Eastern Beira Baixa (Portugal and Spain). Southern foothills of Massif Central (France), foothills of the Apennines (Italy), Tomorr and Ostrovice (Albania)

65 MDN5 Plains of the Castilla Léon (Spain), Po Valley (Italy), Northern Egean coast (Greece).

66 MDN6 Low mountains of Sierra de Guadarrama, Sistema Ibérica, and Southern Pyranees (Spain), Chalkidiki, Vermion, Oluympus, Ossa (Greece).

67 ANA2 Central Anatolia (Turkey)

68 MDM8 Rey Dalari, Bulgaz (Trurkey), Sierra Nevada, Sierra de Segura (Spain)

69 MDN7 Serra de Gata (Portugal), Sierra de Moncaya (Spain), Herault (France), Coast of Livorno-Roma Pescara Brindisi (Italy), Central Albania, South coast sea Marmara (Turkey)

70 MDN8 Coast of Corsica (France), Central Sardinia, Coast of Rome region (Italy), Ionian coast (Greece)

71 MDN9 Sierra de Toledo, Coastal mountains Catalunya, mountains Murcua, Albacete (Spain), Vaucluse, Aix en Provence (France), Low Dinarian Alps, Velebit (Hungary), Thessalin (Greece), Akhisar Usna (Turkey)

72 MDN10 Ribatejo, Alentejo (Portugal)

73 MDS1 Southern Meseta, Zaragoza-Tarragona (Spain), Tessaloniki, Tessalia (Greece), Turkish coast north of Lesbos, Balehesir (Turkey)

74 MDS2 South Peleponessos (Greece), North Sicily, Sardinian Lowlands (Italy), Majorca, Sierra de Frenegal, da Ronda, coast Barcelona Perpigan (Spain), Camargue (France)

75 MDM9 Gölgel Dag (Turkey)

76 MDS3 Central Albanian coast, South Italian coast, South Sardinian coast (Italy), Western Algarve, Eastern Alentejo (Portugal)

77 MDS4 Turkish valleys, Sierra Morena and coastal mountains Southern and Eastern Spain

78 MDM10 Sierra de Ronda (Spain), Massif de Maures (France), Ionian islands (Greece)

79 MDS5 Euboia-Attica -Nauplion (Greece), Southern Sicily (Italy), Estremadura-Quadalquivir, Cartagena-Valencia (Spain)

80 MDM11 Algeria

81 MDS6 Cadiz, Males-Crete, Zakinthos Kefalinia (Greece)

82 MDS7 Aegean Islands (Greece), South Sicily coast (Italy), Las Marismas (Coto Doñana) (Spain)

83 MDS8 Cabo de Gato (Spain), Turkish coast 

84 MDS9 Tunisia, Algeria
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