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Summary

The strong global warming of the last 150 years and the expected continuation at an even higher
level has raised the concern among decision makers. The political debate and decisions are, how-
ever, complicated by the large disagreements and ’deep’ uncertainties involved. The Intergov-
ernmental Panel on Climate Change (IPCC) has been established to provide a common frame to
streamline this process. This was originally done by periodic assessment of all scientific e↵orts.

In the course of time, the influence of the IPCC on scientific research and national assess-
ments has gradually grown and a common practice based on General Circulation Model simula-
tions has become dominant. Fully relying on this common practice does, however, not necessarily
support robust strategies and infrastructure that many decision makers aim for.

In this thesis, the tenability of this ’climate modelling paradigm’ is explored. In part I, it is
argued that a ’paradigm shift’ from scientific certainty to a full exploration of what might be pos-
sible better fits the objective of robust decisions without sacrificing on the scientific soundness.
In part II, four peer-reviewed articles are presented of which three (implicitly) rely on the above
mentioned climate modelling paradigm.

Part I: The climate modelling paradigm
Since the establishment of the IPCC in 1988, both attribution studies and climate projections
have been dominated by the use of General Circulation Models (GCM), which I refer to as the
’climate modelling paradigm’. This paradigm is especially reflected in the strong belief in GCMs
as the superior tools for assessing climate change, the application of GCM-based multi-model
ensembles as the way to explore epistemic uncertainty and the very persistent range of projected
Equilibrium Climate Sensitivity.

The strong confidence in simulated climate response results from the fact that GCMs are
largely based on physical principles and their ability to reproduce ’some aspects’ of the climate
system. GCMs are thought to be the tool to derive internally consistent response. Besides, the
repeated confirmation of earlier results by new multi-model ensembles is generally taken as an
additional ’line of evidence’ for their correctness.

This modelling paradigm, however, seems not particularly useful neither from scientific nor
from relevance perspective. Both attribution studies and climatic projections lack decisive em-
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pirical evidence. Therefore, the IPCC has embraced the principle of multiple ’lines of evidence’
that together might build up to a strong case. Yet, the di↵erent lines, notably the GCM based ev-
idence, can often not be proven independent and the danger of circular reasoning is lurking. This
is likely to result in overconfident future projections and complicates the uncertainty framing.

Often, climate change assessments obstinately keep up the climate change paradigms. The
omnipresent positivist presentations of GCM performance and circular reasoning are typical
characteristics of ’normal science’ as intended by Thomas Kuhn in his essay on ’Scientific Revo-
lutions’. Yet, contradictions are piling up, that become especially apparent when the assessments
are tailored to specific user needs and concerns. Most scientists are well aware of this and a feel-
ing of discomfort is taking possession of them. The climate change paradigm is in ’crisis’. It is
just a new paradigm we are waiting for.

Climate change assessments usually aim to provide a generally applicable framework to en-
able (robust) decision-making. In order to serve a wide range of users with divergent concerns
and divergent stakes, climate change assessments ideally span a wide range of well-framed fu-
ture possible climates. This asks for a paradigm shift from scientific certainty (or consensus) to a
focus on what might be possible. That means an acceptance of any theory that cannot be falsified,
e.g. by mechanistic reasoning.

A paradigm that accepts di↵erent theories to be potentially true does more justice to the state
of scientific knowledge on climate change and is better suited to enable robust decisions. The
elaboration of these theories and possibly their quantification may be inspired in many ways,
like by a hierarchy of models, by (paleo)climatic analogues or simply by mechanistic reasoning.
Also GCMs proved to be useful, but one should be very careful with GCM-based falsification
and confirmation of theories. Moreover, abandoning the dominant use of the expensive and time-
consuming GCM studies may provide time to better frame uncertainties an better support robust
decisions.

Part II: ’Tailoring climate information’

Persistence and trends in Northwest European wind climate
Wind climate in Northwest Europe is subject to long-term persistence (LTP), also called the
Hurst phenomenon. Ignorance of LTP causes underestimation of climatic variability. The quan-
tification of multi-year variability is important for the assessment of the uncertainty of future
multi-year wind yields. Estimating LTP requires long homogeneous time series. Such series of
wind observations are rare, but annual mean geostrophic wind speed can be used instead. This
study demonstrates a method to estimate the 10-yr aggregated mean geostrophic wind speed for
the near and the far future and its uncertainty in Northwest Europe.

Time series of geostrophic wind speed were derived from daily sea level pressure from the
European Climate Assessment (ECA) Dataset. Minor inhomogeneities cannot be ruled out, but
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were shown to hardly a↵ect the estimated Hurst exponent (Ĥ). A Maximum Likelihood method
was adjusted to remove the biases in Ĥ. The geostrophic wind speed over the North Sea, the
British Isles and along the Scandinavian coast are characterised by statistically significant H be-
tween 0.58 and 0.74, (H = 0.5 implies no LTP). The additional e↵ect of the parameter uncertainty
is estimated in a Bayesian way and is highly dependent on the record length.

An ensemble of seventeen simulations (ESSENCE) with one single coupled Ocean-Atmoshpere
General Circulation Model (ECHAM5/MPI-OM) was used to evaluate structural trends and LTP.
The estimated Ĥ in the ESSENCE simulations are generally close to 0.5 and not significant. Sig-
nificant trends in geostrophic wind speed are found over large parts of the investigated domain,
but the trends are small compared to the multi-year variability. Large decreasing trends are found
in the vicinity of Iceland and increasing trends near the Greenland coast. This is likely related
to the sea ice retreat within the ESSENCE simulations and the associated change in surface
temperature gradients.

Decomposition of the windiness index in the Netherlands for the assessment
of future long-term wind energy supply

The main windiness index in the Netherlands (Windex-CBS) has been subject to a decreasing
trend since the systematic recording started in 1988. This seriously complicates the estimation of
future long-term wind supply. Therefore, it is necessary to know the main causes of the reported
decline.

For this purpose Windex-CBS, derived from actual wind turbine yields, is compared to two
alternative windiness indices. The first index is based on wind speed observations Wland and the
second on geostrophic wind speed Gland. Similar indices are formulated for o↵shore wind supply
in the North Sea; Wo↵ and Go↵. High mutual correlations between the indices indicate that they do
e�ciently account for natural variability. Yet, the trends of the di↵erent indices do substantially
di↵er from each other.

The decrease of Windex-CBS is twice as large as (200%) the decrease of Wland. The trend of
the di↵erence between both indices is highly significant. This suggests that the Windex-CBS is
contaminated by operational or methodological factors. Wland does not su↵er from such factors
and is therefore the preferred measure of wind supply.

Exploring the e�ciency of bias corrections of regional climate model output
for the assessment of future crop yields in Europe

Excessive summer drying and reduced growing season length are expected to reduce European
crop yields in future. This may be partly compensated by adapted crop management, increased
CO2 concentration and technological development. For food security, changes in regional to
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continental crop yield variability may be more important than changes in mean yields. The as-
sessment of changes in regional and larger scale crop variability requires high resolution and
spatially consistent future weather, matching a specific climate scenario. Such data could be
derived from regional climate models (RCMs), which provide changes in weather patterns. In
general, RCM output is heavily biased with respect to observations. Due to the strong nonlinear
relation between meteorological input and crop yields, the application of this biased output may
result in large biases in the simulated crop yield changes. The use of RCM output only makes
sense after su�cient bias correction. This study explores how RCM output can be bias corrected
for the assessment of changes in European and subregional scale crop yield variability due to
climate change. For this, output of the RCM RACMO of the Royal Netherlands Meteorological
Institute was bias corrected and applied within the crop simulation model WOrld FOod STudies
to simulate potential and water limited yields of three divergent crops: winter wheat, maize and
sugar beets. The bias correction appeared necessary to successfully reproduce the mean yields as
simulated with observational data. It also substantially improved the year-to-year variability of
seasonal precipitation and radiation within RACMO, but some bias in the interannual variability
remained. This is caused by the fact that the applied correction focuses on mean and daily vari-
ability. The interannual variability of growing season length, and as a consequence the potential
yields too, appeared even deteriorated. Projected decrease in mean crop yields is well in line with
earlier studies. No significant change in crop yield variability was found. Yet, only one RCM is
analysed in this study, and it is recommended to extend this study with more climate models and
a slightly adjusted bias correction taking into account the variability of larger time scales as well.

Standard years for large scale hydrological scenario simulations

Scenario analyses are regularly characterised by a large number of degrees of freedom. It is
usually unfeasible to perform sophisticated hydrological simulations with continuous long-term
meteorological time series for all combinations of scenarios and adaptation strategies. To re-
duce computation time while retaining su�cient degrees of freedom, a so-called ’standard year’
has been developed. Average hydrological conditions according to simulations driven by this
standard year should optimally resemble results from full 30-year simulations. Therefore, the
standard year should optimally represent intra-annual variability. The objective of this paper is
to explore how the errors, introduced by using standard years compare to natural variability. In
addition, the standard year was also tested for future climate scenario simulations.

The standard year is constructed by perturbing meteorological quantities recorded during the
meteorological year 1967. This year was chosen because of a good resemblance of the potential
cumulative precipitation deficit in the Netherlands (Eref � P) during the growing season (1 April
- 30 September) of this year and climatology. Subsequently, the 1967 precipitation (P) and refer-
ence crop evapotranspiration (Eref) was modified such that the standard year optimally captured
intra-annual modes of variability. This is done by the application of spatially varying correction
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factors, which set the 2-monthly precipitation and reference crop evapotranspiration sums equal
to climatology.

As a standard year only contains one year of meteorological data, it has no interannual vari-
ability by construct. As a consequence, extreme daily events are biased and small but systematic
errors are simulated in the major hydrological budget terms. Surface runo↵ appeared oversensi-
tive to the underestimated number of heavy rainfall events and was considerably underestimated
by standard year simulations. The simulated climate change response of the major hydrologi-
cal terms was reproduced very well and the error introduced by the standard year methodology
appeared much smaller than the climate change signal.
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