
coarser parent model. Chan et al. (2018) advise choosing predictors that are easy to diagnose from coarse-resolution models

and consistent with meteorological knowledge of precipitation extremes, e.g. circulation and stability metrics. Guidance may

also be sought from statistical downscaling techniques which have been successfully applied in the region. For the Wupper

catchment in summer (JJA) and winter (DJF) we select daily maxima (0600-0559 UTC) of relative humidity (700 hPa JJA,

300 hPa DJF) as an indicator of (near-)saturated air masses in the troposphere, 500 hPa horizontal divergence (JJA, DJF) as5

an indicator of tropospheric vertical ascent (of a frontal or convective nature), convective available potential energy (CAPE;

JJA) as an indicator of atmospheric instability, and daily accumulated coarse-model precipitation (JJA, DJF). As with the

Z500 data, variables are extracted from ERA-Interim on a Gaussian N128 grid (∼0.7◦). To account for the transient nature

of many extreme weather systems and the often low temporal resolution of reanalysis/model data (e.g. 6-hourly in the case

of ERA-Interim), it is not only the nearest ERA-Interim grid cell to the catchment centre which is considered, but an entire10

7x7 cells around it (3x3 in the case of coarse-model precipitation). With the guiding aim of ‘catching’ the highest number of

observed precipitation extremes (i.e. P ≥ P99D) while excluding as many other days as possible, exceedance thresholds for each

variable are empirically chosen, either as exceedances of a given percentile (divergence, CAPE, coarse-model precipitation) or

as absolute values (relative humidity). The thresholds used for the Wupper catchment are summarized in Table 1. To account

for different model climatologies and thus facilitate transferability to other models, the (absolute) relative humidity threshold15

(RHthresh) determined from the training data can be redefined as a function of the model’s climatological mean (RH), i.e.

RHthresh =A·RH , with A a constant; this function can be applied to another model’s RH to get RHthresh for that model.

In order to be classified as a PED, each threshold must be exceeded at any one of the grid cells (not necessarily the same

cell) around the catchment. A schematic summarizes the full two-step selection algorithm (Algorithm 1). Extremal patterns

identified for the Wupper catchment are presented in Sect. 3.1.20

Algorithm 1 Schematic of the classification algorithm for identifying PEDs in summer. Example for a single day i.

ρi,j is the Pearson pattern correlation between day i and extremal pattern j, RH700 is relative humidity at 700 hPa,

DIV500 is horizontal divergence at 500 hPa, CAPE is convective available potential energy, P is accumulated daily precip-

itation. ρjt (i.e. ρ thresholds) are determined as described in Sect. 2.1. if tests of local-scale meteorological variables are

performed using the thresholds and grids described in Table 1. If any of the cells in the grid pass the test, then the next test is

applied. For winter the algorithm is the same, except that CAPE is excluded and relative humidity is at 300 hPa.

for j in (1, . . .,K) do // Extremal patterns 1 to K

if (ρi,j ≥ ρjt) then // Synoptic-scale tests

if (RH700i ≥RH700thresh) then // Local-scale tests

if (DIV 500i ≥DIV 500thresh .OR. CAPEi ≥ CAPEthresh) then

if (Pi ≥ P95D) then

DAYi classified as PED

end if

end if

end if

end if

end for
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