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Summary
The need for better understanding of climate change and its impact has led to an increasing
number of climate models and consequently hydro‐climatic projections. To what extent large
set of climate projections and their suitability in hydrological impact studies is discussed here
using two published papers as examples.
This deliverable summarizes two activities that took place in AQUACLEW for evaluating
climate model suitability for simulating hydrological impacts of climate change. Two
published papers are presented here; The first paper focuses on using an information theory
approach to identify a representative subset of hydro-climatic simulations for impact model
studies. The focus area is Sweden and the representative subsets are judged in terms of
different statistical properties of three essential climate variables. Using a large set of
projections, we present the information content and the redundant information when an
ensemble is considered, and hence demonstrate how representative projections can be
identified in order to overcome artifacts/biases introduced by a common hand‐picking
approach.
The second paper presents an evaluation of summertime precipitation extremes of a high
spatial and temporal resolution ensemble. The paper focuses on sub-daily data and
examining whether such data can simulate summertime precipitation extremes over central
Europe.
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1. An Information Theory Approach to identify a
representative subset of hydro-climatic simulations for
impact modeling studies (Pechlivanidis et al., 2018)
Uncertainties in hydro-climatic projections are (in part) related to various components of the
production chain. An ensemble of numerous projections is usually considered to characterize
the overall uncertainty; however, in practice a small set of scenario combinations are
constructed to provide users with a subset that is manageable for decision-making. Since
projections are unavoidably uncertain, and multiple projections are typically informationally
redundant to a considerable extent, it would be helpful to identify an informationally
representative subset in a large model ensemble.
Here a framework rooted in the information theoretic Maximum Information Minimum
Redundancy concept (Figure 1) is proposed for identifying a representative subset from an
available ensemble of hydro-climatic projections. In the paper, an ensemble of 16
precipitation and temperature projections for Sweden (Table 1) is analysed and used as
inputs to the HBV hydrological model to project river discharge until the mid of this century.
Representative subsets are judged in terms of different statistical properties of three
essential climate variables (precipitation, temperature and discharge), whilst the sensitivity of
the optimized subset for different seasons and future periods is further assessed.

Table 1: Projections used in the Larger Ensemble to produce hydrological climate impact projections.
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Figure 1: Scheme for the identification of representative subsets of hydro-climatic projections from a hydroclimate model ensemble.

The paper investigated the information content present in a number of hydro-climatic
projections and, consequently, the factors affecting the identification of a representative
subset in an available ensemble. Because large model ensembles will typically contain
redundant information, the authors propose that a subset be selected that maximizes
independence and minimizes redundancy. Via implementation of this multiobjective
information-based approach, representative hydro-climatic projections can be identified, and
artifacts/ biases introduced by hand-picking projections for climate change impact
assessments can be reduced.
Over Sweden’s hydro-climatic gradient, a subset of 20–35% of the total available
projections can represent a large fraction (>80% of total information) of the ensemble range
for changes in precipitation, temperature and discharge. The selection of subset is sensitive
to choice of variables and seasons (Figure 2). The spatiotemporal pattern of precipitation is
more variable compared to temperature and discharge, and this result in higher information
content provided by a single precipitation projection. It is found that the information content in
the hydro-climatic projections changes with time, and hence the representative set of
projections can vary depending on the period of interest. Results show that a representative
subset for the mid-century has fewer members compared to the identified subset for the
early-century, due to the similarity of change pattern (and hence information content) during
mid-century.
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Figure 2: Ranking (from 1 to 16 with 1 being the most important) of projection members for the mean statistic of
the hydro-climatic variables, and for different seasons, future periods, and regions in Sweden. Boxes with a red
dot indicate membership to a subset representing 80% of the total information from the large ensemble.

The size of the representative subset is also related to the hydro-climatic characteristics of
the river system. High variability in precipitation and temperature changes are observed in
the northern-central Sweden, resulting in a larger subset size compared to the southern part
of the country. However, this part of the country characterized from rain-driven flows is more
prone to change and hence a representative subset is larger than the subset for the snowfed northern-central river basins. It is concluded that identified representative subsets of
projections vary in both in space and time (i.e. regions, variables, seasons and future
periods). Accordingly climate change impact assessments should target the objective of the
user and/or investigation, and identification of subsets should not be solely based on climatic
information but should consider hydrological information as well.
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3. Summertime precipitation extremes in a EURO-CORDEX
0.11˚ ensemble at an hourly resolution (Berg et al., 2019)
The second paper presents an evaluation of summertime precipitation extremes of a high
spatial and temporal resolution ensemble. The paper focuses on sub-daily data and
examining whether such data can simulate summertime precipitation extremes over central
Europe. Regional climate model simulations have routinely been applied to assess changes
in precipitation extremes at daily time steps. However, shorter sub-daily extremes have not
received as much attention. This is likely because of the limited availability of high temporal
resolution data, both for observations and for model outputs. Here, summertime depth
duration frequencies of a subset of the EUROCORDEX 0.11˚ ensemble (Table 2) are
evaluated with observations for several European countries for durations of 1 to 12 h.
The model simulations are evaluated against gauge based on the depth-duration frequency
(DDF) curves as obtained from countries across Europe, namely Austria, Germany, Sweden,
the Netherlands, and France. The extremes are estimated using a Peak Over Threshold
approach with a General Pareto distribution, and the results are evaluated against national
information for several countries across Europe.
Table 1: The RCM–GCM simulations with hourly precipitation output that are included in the analysis.
The experiment code (“rip nomenclature”) from CMIP5 indicates the realization (r), the initialization (i),
and the physics set-up (p) used. Here, the code is listed due to differences in the realizations of the
EC-Earth model.

Most of the model simulations strongly underestimate 10-year depths for durations up to a
few hours but perform better at longer durations. The spatial patterns over Germany are
reproduced at least partly at a 12 h duration, but all models fail at shorter durations.
Projected changes are assessed by relating relative depth changes to mean temperature
changes. A strong relationship with temperature is found across different subregions of
Europe, emission scenarios and future time periods. However, the scaling varies
considerably between different combinations of global and regional climate models, with a
spread in scaling of around 1–10 % K−1 at a 12 h duration and generally higher values at
shorter durations (Figure 3).
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Figure 3: Summary of the relative change in precipitation extremes (5, 10, 50, 100-year depths) at various return
periods, against summertime temperature change between future and historical time periods for all PRUDENCE
regions and RCPs and time slices together. The displayed changes are calculated as the slope coefficient of
linear fit. The color scale is set relative the Clausius–Clapeyron prediction of about 7%K-1, with red (blue) showing
scaling below (above) that rate. The numbers in each box present the R2 value for the individual fits as a measure
of the goodness-of-fit.

From the evaluations, the following conclusions are made:
– All models perform poorly at an hourly duration, with increasing performance for longer
durations.
– Spatial patterns are reasonably well represented only at a 12 h duration, indicating a
disconnect between orography and extreme events at shorter durations.
– Both the GCM and RCM affect both magnitudes and spatial patterns across Europe, but
the RCM is most prominent in shaping the spatial structure at short durations. Future
projections are investigated through a connection with summer half-year mean temperature
and precipitation change for the time slice periods 2011–2040, 2041–2070, and 2071–2100.
The results are presented as %K-1 changes, and the following are concluded:
– The %K-1-scaling works well across subregions, time slices, and RCP scenarios, such that
all aligns practically linearly.
– The scaling displays a large spread between models, with about an equal impact of the
GCM and the RCM.
– Scaling of extreme precipitation with temperature is positive across the model ensemble,
resulting in an ensemble mean slightly below the Clausius-Clapeyron (CC) rate but ranging
from about half to about 2 times the CC-rate for different ensemble members. The concept of
relating extreme precipitation changes to temperature seems to be a valid and useful
approach to predict changes in extreme precipitation. However, this conclusion might be a bit
rash since the performance of the models is poor for short durations and does not inspire
trust in their application for future projections. The next generation of convection-permitting
models might perform better, but their improved performance in reproducing the spatial
pattern of extreme precipitation across domains should be investigated. For this, the authors
urge national authorities to openly and transparently share assessments of DDF statistics
from their high-resolution observations.
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