S1 Supporting Information. Supplementary Methods.

Environmental parameterisation

Evapotranspiration was calculated using the Hargreaves equation [1]:

Evapotranspiration = 0.0023 X (Tmean + 17.8) X (Tmax— Tmin) >° X Ra
where,

Ra= ((24 x 60)/1t) x Gsc X dr [(0s X sing x sind) + (cose x cosd x sinws)]) X 0.408

Gy = solar constant = 0.0820 MJ m-2 min-1

d, = inverse relative distance Earth-Sun =1 + 0.033 cos ((2n/365) x J)

s = sunset hour angle [rad] = arcos [-tan (¢) tan (8)]

¢ = latitude [radians] (grid file in decimal degrees converted to radians (multiply by 7/180))
& = solar decimation [rad] = 0.409 sin (((2/365) x J) — 1.39)

J = number of days in the year. J at the middle of the month is approximately given by J =
INTEGER (30.4 Month — 15) = 15 on average.

Annual evapotranspiration was taken as the sum of all monthly values. Annual water balance
was calculated by subtracting annual evapotranspiration from mean annual precipitation. The
number of months with a positive water balance was calculated by subtracting each monthly
evapotranspiration from its corresponding monthly precipitation, and then converting these
into a binary format, where a value greater than zero was given a value of one and a value
less than zero was kept at zero [2]. The twelve binary files were then summed to calculate the
number of months with a positive water balance.

Mean annual Normalised Difference Vegetation Index (NDVI) was calculated from
monthly values which were downloaded from the EDIT Geoplatform (http://edit.csic.es/Soil-
Vegetation-LandCover.html). NDVI is commonly used to measure the density of plant
growth and is obtained from NOAA AVHRR satellite images. A negative value indicates
snow or ice, a value around 0 indicates barren areas, values between 0.2 and 0.3 indicate
grassland, and values near 1 indicate rainforests [3]. Human influence index was downloaded
from the SEDAC website (http://sedac.ciesin.columbia.edu/data/set/wildareas-v2-human-
influence-index-geographic). This was a composite of human population density, railways,
roads, navigable rivers, coastlines, night-time lights, built-up areas and agricultural and urban
land cover. Values within the index range from 0 to 64, where zero equalled no human
influence and 64 represented maximum human influence [4]. Solar radiation was calculated
using the Spatial Analyst function in ArcGIS 10.1 (ESRI, California, USA). Solar radiation is
defined as the total amount of incoming solar insolation (direct and diffuse), or global
radiation, and was measured in watt hours per square meter or WH/m? [5]. An index of
surface roughness was also calculated by finding the difference between maximum and
minimum gradient values, based on a global Digital Elevation Model at 30 arc-second
resolution downloaded from WorldClim [6]. Altitude was not included as a variable



independently because organisms perceive climatic and habitat variables as proxies for
altitude [7].

Future climate data

Pierce et al. [8] report that using data averaged across five global circulation models (GCMs)
is substantially better than any one individual model and significantly reduces model error.
We averaged all variables for the following five GCMs: CCCma-CGCM3.1/T47, CNRM-
CM3, CSIRO-Mk3.0, HadCM3 and NASA-GISS-ER. Future projections adopted the time
periods: 2020s (2010-2039), 2050s (2040-2069) and 2080s (2070-2099). Data from the A2
future climate change scenario was used because although it was originally described as
“extreme climate change” it now appears to best represent the trend in observed climate.
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