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Figure 2. Illustration of ensemble-based resampling methodology. (a) Empirical cumulative density function of JJA mean temperatures
over Central Europe in ERA-Interim. The nonparametric fit to the cumulative density using a Gaussian kernel for observations and the
model ensemble are shown by the blue and red lines, respectively. (b) A transfer function between the observed and modelled distribution is
derived using Cubic Hermite splines. (c) Quantile–quantile plot for the original and resampled ensemble for the JJA temperature constraint.
(d) Fraction of original ensemble members in percentile bins of the observed distribution (blue line in (a)), i.e. “effective ensemble size”
after resampling.

3 Methods

In this section, we describe the different bias correction
methods deployed in this study. First, a bias correction
methodology for impact simulations that has been adopted
widely is summarized (Hempel et al., 2013). Second, we in-
troduce the novel resampling-based bias correction scheme
and lastly the methodologies for evaluation are described.

3.1 Statistical bias correction

Hempel et al. (2013) presented a bias correction that is de-
signed to preserve long-term trends in simulated impacts
and that has been used widely in simulating effects of cli-
matic changes in different sectors such as water, agriculture,
ecosystems, health, coastal infrastructure and agro-economy
(see Warszawski et al., 2014, for an overview).
The approach builds on earlier, conventional statistical

bias correction schemes (Piani et al., 2010; Haerter et al.,

2011) and is based on linear transfer functions of the form

xcor = a + bx. (1)

Here, x and xcor represent the simulated and corrected cli-
matic variable, a and b are coefficients to be calibrated.
In Hempel et al. (2013) the transfer function is applied ad-

ditively (for temperature, i.e. b = 1), such that

a = Tobs� Tmod, (2)

where Tmod and Tobs represent the means of simulated and
observed monthly temperatures, respectively.
To account for positivity constraints for precipitation and

radiation components, Hempel et al. (2013) suggested a mul-
tiplicative adjustment of those variables (i.e. a = 0), such that

b = xobs

xmod
. (3)
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