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Definitions

Global warming:
the increase in Earth’s 
average surface temperature 
due to rising levels of 
greenhouse gases.

Climate change:
a long-term change 
(min. 30 yrs) in the Earth’s 
climate (or of a region).





Ø Forecast climate change across Europe

• Projected change in 
annual mean temperature
(2080s under HadCM3/B2)

• Projected change in 
annual precipitation
(2080s under HadCM3/B2)



ØFuture climate across Europe (2070-2099)

HADCM3

Growing Season Warmth

1961-90



ØSpecies moving northward and uphill in UK

Hickling et al. 2006





Ø Average potential range centroid displacements
Biogeographic Element Median initial 

azimuth
(bearing in degrees)

Mean 
displacemen

t
(km)

Median 
displacemen

t
(km)

Maritime-Insular 0 448 443

Southern 24 632 577

Southern Nemoral 3 617 599

Sub-Continental Nemoral 357 500 458

Nemoral 357 392 377

European 352 282 264

Boreo-Nemoral 3 566 544

Continental Nemoral 6 574 565

Sub-Continental Boreo-Nemoral 9 782 789

Continental Boreo-Nemoral 20 573 563

Boreal 28 545 565

Northern Nemoral 4 483 384

Oceanic Boreal 12 555 442

Arctic–Boreal 15 579 567

Arctic 26 446 427

Northern 10 663 656

North European 347 336 298

Northern Maritime 4 573 438

Arctic–Maritime 43 588 557

Median bearings for these 
groups vary only between 
north and north-east

Mean displacement is 
approximately 500km!



We calculate a best case (all new area occupied) and a worst case 
(overlap only occupied) scenario of range shift for each species

Current 
suitable climate

Future 
suitable climate

Worst-case

Area occupied
by species

Best-case

Ø Best-case and worst-case scenarios



European birds and future climate

Best    58%
Worst 13.8%

Red Kite: Central European

Observed current distribution Simulated late 21st century distribution



European birds and future climate

Dotterel: Northern European

Best    42.5%
Worst 22.6%

Simulated late 21st century distributionObserved current distribution



Ø Potential impacts on species richness

(Mean obs = 120 spp.; mean sim = 123 spp.)

Observed current distribution

(Best case, mean = 115 spp.; worst = 76 spp.)

Simulated late 21st century distribution

Assuming perfect dispersal



Current range

Jackdaw

Predicted 2070 range

Recent trends across Europe

ØOther applications (1)To help explain trends



Martin Garner





White-winged Black Terns, Eilat


