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The use of probabilistic climate projections in
assessing the risk of impacts in Europe
Timothy R. Carter and Stefan Fronzek1
Finnish Environment Institute (SYKE), Box 140, FI-00251, Helsinki Finland

Summary
Impact studies conducted in Work Package 6.2 of ENSEMBLES have evaluated new methods
of estimating the risk of future impacts in Europe. Specifically, they have demonstrated how
probablistic projections of future climate can be used directly to compute probabilities of
future impacts, using an impact response surface approach. Probabilistic climate projections
for the 21st century in Europe have been produced by the Met Office Hadley Centre that
sample many key sources of uncertainty in projections. These have been provided to impact
analysts as joint frequency distributions of temperature and precipitation change. Impact
response surfaces have been constructed that display responses of a range of systems and
sectors to systematic changes in temperature and precipitation. The risk of exceeding certain
thresholds of impact at a period in the future can be evaluated by superimposing the climate
PDF onto the impact response surface. This offers a potential saving of simulation time for
evaluating impact risks compared with the alternative, conventional approach of simulating
impact responses for all members of an ensemble of climate projections. The approach also
offers an effective visual impression of the future evolution of impacts and their probabilities.
1. Introduction
During the past two decades there has been a large effort around the world to determine the
likely impacts of climate change for natural systems and human activities. Mathematical
models, describing system behaviour under different environments, are the tools most
commonly developed, tested and applied for evaluating the potential impacts of climate
change. In some cases, models have been calibrated using results of experimental research
conducted in artificial environments (chambers, greenhouses, free air release systems) to
resemble future conditions of climate and CO2 concentration (e.g. ESPACE − Jäger et al.,
1999). However, in most cases it is not possible to undertake full-scale experiments; rather
impact models are typically calibrated according to observed present day conditions in a study
region, sometimes making use of additional calibration material from regions with conditions
analogous to those projected in the study region. Results from previous studies with such
models have been summarised in assessment reports such as ACACIA (Parry, 2000), by the
IPCC (Kundzewicz et al., 2001; Alcamo et al. 2007) and by the European Environment
Agency (EEA, 2008). These impact models are the basic tools that were available for
application in ENSEMBLES.
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Methods of applying climate model-based scenarios (from GCMs, RCMs or statistically
downscaled) to investigate uncertainties in future impacts have been refined over time, but the
basic approach has changed little since impact studies were first conducted, whereby impacts
are estimated for scenarios that have been selected to embrace as realistic a range of
uncertainties as possible. Few if any studies have addressed the likelihood of such projections.
The ENSEMBLES project offered an opportunity to move beyond "what if" type studies of
potential impacts towards quantitative assessments of the likelihood of critical impacts being
exceeded under given scenarios of future radiative forcing.
A major objective of ENSEMBLES was to develop, for the first time, a common ensemble
climate forecast system for use across a range of timescales and spatial scales. This system is
designed to deliver probabilistic predictions of future climate that accounts for uncertainties in
forecast initial conditions, in the representation of key processes within climate models, and
in climatic forcing factors. In this paper, we discuss some of the opportunities and challenges
offered by such a system for studying the impacts of climate change. In particular, we focus
on alternative methods that might be applied to climate projections to allow future impacts to
be considered in terms of risk.
2. Towards a risk-based approach to impact assessment
Three approaches to assessing impacts of future climate change can be distinguished, which
we have labelled the impact approach, the inverse approach and the risk-based inverse
approach (Figure 1).
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Figure 1: Evolution of approaches to the assessment of climate change impacts and vulnerability (for
explanation, see text).
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2.1. Impact approach
The conventional "impact" approach employed to assess climate change impacts is the
deterministic, scenario driven, top-down method illustrated on the left-hand-side of Figure 1.
The research method follows the pressure-state-impact-response chain of causality (OECD,
1993), and is exclusively scenario driven. Vulnerability to climate change and the need for
adaptation are interpreted as deterministic outcomes within the context of the socio-economic
and technological changes assumed in the analysis. This has been the dominant approach in
most impact studies conducted since the 1980s. An example is the "Millions at Risk" studies
(Parry et al., 2001), in which different climate and non-climate scenarios were explored to
evaluate the additional number of people at risk from hunger, water shortage, exposure to
disease and coastal flooding due to climate change and sea-level rise. Many of the impact
studies conducted in the ENSEMBLES project, especially those focusing on the impacts of
extreme events, have followed this conventional, scenario driven approach.
2.2. Inverse approach
An alternative, bottom-up or inverse approach (centre of Figure 1) recognises the importance
of examining the sensitivity of a system to climatic variations and of identifying thresholds of
impact, the exceedance of which might be regarded as undesirable. Such thresholds can be
selected arbitrarily or according to specific criteria (e.g. economic viability, survival), but the
selection procedure requires a normative decision on the part of the analyst. The inverse
approach proceeds from impacts to scenarios, rather than vice versa. Climate scenarios are
employed to test whether, when and where such impact thresholds might be exceeded. Under
each scenario it is then possible to consider the necessary adaptation and mitigation responses
that might be required to avoid undesirable outcomes. This has spawned concepts such as
"safe emissions corridors" (Alcamo and Kreileman 1996) and the "tolerable windows
approach" (WBGU 1995, Toth 2003), which are useful for addressing policy questions,
especially Article 2 of the UN Framework Convention on Climate Change relating to
"dangerous anthropogenic interference in the climate system". In the ENSEMBLES project, a
study of water availability for large European river basins followed this scenario-based
inverse procedure2.
2.3. Risk-based inverse approach
Both the impact and inverse approaches, as outlined above, are constrained by the scenarios
selected to represent possible future conditions, whether these are climatic or non-climatic in
origin. By definition, a scenario is not a prediction; rather it is "a coherent, internally
consistent and plausible description of a possible future state of the world" (IPCC, 1994).
Several climate scenarios are commonly adopted in order to cover a range of projections.
Nevertheless, scenario selection remains somewhat arbitrary, which may compromise the
effectiveness of an impact assessment, especially if it is to be used as a basis for decision
making. While both of the above approaches can offer interesting insights into the sensitivity
of exposure units3 to different magnitudes and rates of climate change, neither is capable of
providing information on the likelihood or risk of impact thresholds being exceeded.

2

Martina Weiß, Center for Environmental Systems Research (CESR), University of Kassel, Germany and
Joseph Alcamo, CESR and United Nations Environment Programme, Nairobi, Kenya
3
An exposure unit is an activity, group, region or resource exposed to significant climatic variations (IPCC,
1994)
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The approach presented on the right-hand side of Figure 1 illustrates how the ENSEMBLES
project was able to offer an important advance in the assessment of vulnerability, by
providing estimates of the likelihood associated with different climate projections. With this
information, it becomes feasible to study the risk of exceeding an impact threshold, and hence
to express vulnerability to climate change in terms of the risk of impact. This approach has
been articulated by Jones (2000; 2001), who provides examples from Australia, but has not
yet been applied in a full impact assessment in Europe.
3. Application of the risk-based inverse approach in ENSEMBLES
The research reported here, from Work Package 6.2 of ENSEMBLES, had two main
objectives:
1. To use impact models to describe system sensitivities to a plausible range of climate
futures in terms of critical thresholds (Box 1 on the right-hand-side of Figure 1)
2. To link impact models to ENSEMBLES probabilistic projections (Box 3) in order to
develop risk-based estimates of the likelihood of exceeding critical thresholds of impact
during the 21st century (Box 4).
In the following sub-sections we first describe the probabilistic climate projections that were
prepared in ENSEMBLES for use in impact studies. Next we outline two methods that were
used to calculate impact risks – one employing multiple scenarios; the second using an impact
response surface method.
3.1. Probabilistic climate projections applied in impact studies
Various approaches are described in the literature for constructing probability density
functions (PDFs) of future climate, based on ensembles of climate model simulations. A
number of these approaches have been applied in ENSEMBLES (Research Themes 1-3)
where the prime objective is to capture uncertainties in the model representation of climate
processes conditional on a given scenario of future greenhouse gas and aerosol emissions. No
attempt was made to construct PDFs describing uncertainties in the emissions scenarios
themselves. The various strengths and weaknesses of alternative construction methods are
reported in D2B.26/D6.13 and in the ENEMBLES final report (van der Linden and Mitchell,
2009). However, some features of the PDFs that are being delivered from these exercises are
of importance to impact analysts.
Most PDFs that are reported in the literature relate to changes in global mean annual
temperature, or occasionally regional temperature and/or precipitation. PDFs are generally
presented for individual variables separately, which may not be sufficient for the needs of
impacts analysts wishing to model impacts based on changes in multiple climate variables.
What may be required instead is PDFs describing the joint distributions between two or more
variables and at various temporal resolutions (e.g. monthly, seasonal or annual).
The PDFs that were regarded as most suitable for use for impact assessment in ENSEMBLES
were supplied by the Met Office Hadley Centre (MOHC). Joint probability distributions
(PDFs) of temperature and precipitation changes for the SRES A1B emissions scenario4 were
4

A1B is a moderate emissions scenario in which atmospheric greenhouse gas concentrations reach about 850
ppm CO2-equivalent by 2100 (IPCC, 2007).
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provided for regions of Europe specified by the impact analysts for 20-year periods relative to
1961-1990 at decadal intervals throughout the 21st century. These were derived from a large
ensemble of GCM projections designed to sample uncertainties in key Earth system processes
through a perturbed parameter approach, combined with results from alternative climate
models and a multivariate set of observational constraints measuring the relative performance
of alternative model variants in simulating a variety of aspects of present day climate and
historical climate change (Murphy et al. 2009). These PDFs were sampled using a Monte
Carlo procedure to produce a large set of individual estimates (10,000) of seasonal or annual
mean temperature and precipitation change for individual GCM grid boxes across Europe,
and also for a set of aggregated regions. These are referred to as "grand ensembles" in the
remainder of this report, acknowledging the many sources of uncertainty that these PDFs
attempt to capture.
An example representing projections for eastern Spain is provided in Figure 2, showing both
the probabilistic surface (coloured) as well as the 10,000 sampled changes of precipitation and
temperature that were used to construct it (black dots). Note that confidence in the sampled
values lying at the extremes of the distributions, which can be sensitive to the statistical
assumptions of the methodology, is lower than that for values twoards the centre of the
distribution.For this reason, the top and bottom 1% of the marginal distributions are excluded
(red dots) in a procedure known as Winsorisation. A more complete description is contained
in D1.15 (Harris et al., 2010) and the data are available from http://ensembleseu.metoffice.com/secure/RT6_data_230609/ data_for_RT6.html.

Figure 2: (a) Scatter plot of 10,000 sampled data points from the joint PDF of surface temperature change and
percentage precipitation change for the summer season for eastern Spain, for the period 2080-2099 relative to the
1961-1990 baseline period (A1B emissions scenario). Points that lie in the top and bottom 1% of the marginal
distributions are shown in red. (b) Contours of the Winsorised sampled joint probability distribution function in
(a). Source: Harris et al. (2010).

3.2. Assessing impact risks: impact model simulations with multiple scenarios
Two alternative approaches have been investigated for translating ensemble projections of
climate change to probabilistic projections of impacts (Figure 3). The most rigorous though
time intensive approach for estimating impact likelihoods is to apply the same climate change
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projections as adjustments to the input climate of impact models as have been used to
construct the joint climate change PDFs. This multiple scenarios approach can be applied to
any impact model, regardless of its complexity, as long as climate projections are available at
the resolution and time step required to adjust the input climate variables. After undertaking
impact model simulations for multiple scenarios, PDFs of the results can be generated to
depict the probability of exceeding a pre-specified impact threshold.
Multiple
scenarios

AOGCM
projections

Climate
PDFs

(Complex) impact
model

Multiple
impacts

Reduced-form
impact model

Risk of pre-specified
impact exceedance

Impact response
surface

Multiple scenarios approach
Response surface approach
Common elements

Figure 3: Analytical steps to translate an ensemble of AOGCM climate projections into probabilistic impacts for
two alternative approaches: multiple scenarios and impact response surface. Source. Fronzek et al. (2010).

A disadvantage of the multiple scenarios approach is that all climate projections have to be
run through the impact model, which may be impractical for many complex models. An
advantage is that a high level of detail in the scenarios of climate changes can be included, if
required, including information on changes in climate variability as well as changes in mean
climate. The use of a stochastic weather generator might provide additional flexibility in
representing scenarios of changes in daily variability (e.g. see Jones et al. 2009). Two
ENSEMBLES studies applied this approach to assess impact risks, and only one of these
offered a direct comparison with the second, response surface approach.
3.3. Assessing impact risks: response surface approach
An alternative to applying multiple scenarios is the response surface approach. This can be
thought of as comprising three steps.
Step 1 involves the creation of a reduced-form impact model driven by a minimum number of
climatic variables. Some future impacts may be sensitive to a range of different climatic
factors as well as other non-climate factors (e.g. environmental or socio-economic factors that
may mediate the effects of climate) and complex impact models often account for these
multiple input variables. This step is an attempt to simplify the effects of climate by
considering only a few (typically two) key variables that are of most importance in
determining impacts and for which projections are available probabilistically. A variant of
this approach is to retain the original (complex) impact model but to depict its responses to
climate change in relation only to those climate variables considered to be most influential.
8/18

Step 1 may also require that simplified information about future climate be used as input to
the impact model, for example by making assumptions about the seasonal pattern of changing
climate rather than by applying detailed monthly adjustments according to a climate scenario.
In Step 2, a sensitivity analysis is conducted of the impact model with respect to the key
climatic variables chosen in Step 1. This commonly involves adjusting the observed baseline
climatic inputs according to systematic increments that span the foreseeable range of future
climate change. The increments of the adjustments should be chosen to be small enough to
represent possible non-linearities in response to a changing climate. All impact studies in
ENSEMBLES undertook sensitivity analyses for two climate variables (temperature and
precipitation), though averaged over different time periods depending on the application.
Impacts are computed for each combination of changes in the two climatic variables and
plotted as a two-dimensional impact response surface (e.g. of crop yield, runoff, nitrogen
leaching).
Step 3 combines the information about the sensitivity of impacts to climate change contained
in the impact response surface with projections of the likelihood of such climate changes
represented by the joint PDF (see Figure 2b for an example). By superimposing the joint PDF
onto the impact response surface, the risk of exceeding a given level of impact can then be
evaluated. Threshold levels of impact were sector-, system- and region-specific, and selected
to illustrate possible levels of tolerance to climate change, the exceedance of which may be
regarded as unacceptable by decision makers (cf. Article 2 of the UN Framework Convention
on Climate Change). Thresholds were defined in ENSEMBLES either based on historical
impacts, or according to established operational conditions (e.g. minimum stream discharge
for hydroelectric production).
As a test of the response surface approach, estimates of the risk of exceeding an impact
threshold can be compared with the equivalent estimates obtained using the multiple scenarios
approach for those situations where application of the latter approach is feasible. One example
of such a comparison is presented in the next section. The response surface approach was
investigated in five separate studies for ENSEMBLES. Four of these are summarised in the
next section.
4. Applications of the response surface approach for assessing impact risks5
Four examples are presented to illustrate the response surface approach: changes in
exceedance of high or low lake water levels in Fennoscandia, the disappearance of permafrost
features in northern Fennoscandia, changes in durum wheat yields in the Mediterranean
region and estimates of nitrogen leaching and wheat yields in different regions of Europe.
4.1. Exceedance of low lake water levels in Fennoscandia6
Critical thresholds for hydrological systems vary between basins. Although river discharge is
generally the most important variable for consideration, time and space scales, and local
topography play important roles. For Nordic conditions with its many lakes, water level can
also be a critical factor. This is of particular consequence for the large natural lakes where
5

Examples in this section are drawn from the ENSEMBLES Final Report (van der Linden and Mitchell, 2009)
L. Phil Graham & Johan Andréasson, Swedish Meteorological and Hydrological Institute (SMHI), Norrköping,
Sweden, & Fredrik Wetterhall, SMHI and Department of Geography, King's College, University of London, UK
6
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outflows are nowadays regulated for optimal use of the water as a resource. Excessively high
lake levels are a concern for flooding, while low levels pose a threat to availability and quality
of water supply, and navigation. The specifics of each hydrological basin must ideally be
taken into account in resolving where critical thresholds lie.
The city of Stockholm is centred at the outflow point where Lake Mälaren flows into the
Baltic Sea. This large lake is a major source of drinking water and a means of transport for
cities along its shores. A critical threshold for the lake was identified in terms low water level.
This was set to "50 consecutive days with water levels equal to or below 4.15 m", the level
where both navigation becomes difficult and the intake of water for local water supply can be
inhibited. It also represents a higher risk for saltwater intrusion from the Baltic Sea.
Although there is already risk for low water levels in today’s climate, this could increase
considerably with a changing climate, as seen in the threshold response in Figure 4. Although
annual precipitation shows a slight increase, summer precipitation is projected to decrease.
This basin is therefore particularly sensitive to how seasonal precipitation changes are
represented in creating response surfaces. Note that the results shown here are preliminary
and do not take into account the full range of the ENSEMBLES simulations.

Figure 4: Impact response surfaces for Lake Mälaren in Sweden: (a) mean annual inflow to the lake as a
percentage of present day inflow; (b) likelihood (in percent) of summer water level below the target operating
threshold for a consecutive period of 50 days. Climate projections are depicted as probability density plots for
the period 2031–2050 based on the MOHC ENSEMBLES probabilistic projections. The coloured area encloses
approximately 90% of all projected outcomes. Also shown are projections from five RCM simulations (coloured
dots). Impact response surfaces were created from some 300 simulations using the HBV hydrological model.

4.2. Risk of palsa mire disappearance in Fennoscandia7
Palsas are mounds with a permanently frozen core that occur at the edge of the permafrost
zone across the circumpolar north. They are ecologically valuable for birds, representing a
priority habitat listed by the EU Habitats Directive. There is evidence that they are already
disappearing and this is presumed to be due to observed regional warming.

7
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Figure 5a is an impact response surface showing the area climatically suitable for palsas with
respect to changes in two key climate variables, mean annual temperature and mean annual
precipitation, relative to the 1961-1990 observed climate. A critical threshold of impact was
selected as the total disappearance of suitable area for palsas (white area in Figure 5a).
Scatter plots of projected mean annual temperature and precipitation change over
Fennoscandia for the A1B emissions scenario from the UKCP09 project were obtained from
the MOHC and presented as climate surfaces for 20-year periods at decadal intervals
throughout the 21st century. These were then superimposed on the impact response surface
(Figure 5a). The climate surface falling in the area beyond the -100% isoline represents the
risk of total disappearance of palsas at different time periods in the future. Figure 5b indicates
that it is likely (>66%) that all suitable areas will disappear by the end of the 21st century
under the A1B emissions scenario.

Figure 5: (a) Impact response surface showing modelled percentage change in area of suitability for palsa mires
in Fennoscandia as a function of changes in mean annual temperature and precipitation relative to 1961–1990
(isolines). A joint PDF of future climate by the period 2040–2060 (coloured areas) is superimposed, about half
of which lies in the area exceeding the −100% isoline (i.e., complete loss of palsa mire suitability). (b)
Probability of complete loss of palsa suitability at different future time periods. The value for 2040-2060 taken
from (a) is circled.

4.3. Risk of wheat yield shortfall in the Mediterranean region8
Durum wheat is a rain-fed crop that it is widely cultivated over the Mediterranean Basin.
Projected climate changes in this region, in particular rising temperature and decreasing
rainfall, may seriously compromise durum wheat yields, thus representing a serious threat for
the cultivation of such a typical Mediterranean crop.
A wheat simulation model (SIRIUS Quality) was used to create yield response surfaces with
respect to variations in mean annual temperature and mean annual precipitation for each
climate model grid box in the region. 10,000 projections of the same climate variables,
sampled from the joint PDF for the A1B scenario produced by the MOHC for the UKCP09
project, were overlaid on the yield response surfaces to estimate the future yield distribution
at each grid box. A critical yield threshold was defined as the 20th percentile of yields
estimated for present-day climate, and the future risk of yield shortfall was estimated as the
8

Roberto Ferrise & Marco Bindi, Department of Agronomy and Land Management, University of Florence,
Italy
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relative frequency of yields projected to fall below this threshold according to the climate
projections. Baseline climate in the region was represented using the ENSEMBLES E-OBS
25 km interpolated daily observational dataset for the period 1961-1990.
Figure 6 depicts the change in risk of yield shortfall for four 20-year periods in the future
under climate projected for the A1B scenario compared to the present-day. Green areas
indicate a decreased risk of shortfall; pink and red areas show an increased risk. In contrast to
previous studies suggesting that the beneficial effects of elevated atmospheric CO2
concentration over the next few decades would outweigh the detrimental effects of the early
stages of climatic warming and drying, the results here are of more concern (Figure 6A). They
indicate declining risk over only a few small areas at the northern fringes of the
Mediterranean zone. For the majority of the case study area, there is increased risk of yield
shortfall, which becomes more severe as the century progresses, reaching a maximum by midcentury (Figure 6B,C) before declining somewhat towards the end of the century Figure 6D).
Note that there are some local gaps in coverage of both observed and projected climate (e.g.
over Sardinia, and parts of southern Italy). These, and areas above 700m elevation, where
durum wheat is rarely cultivated, were excluded from the analysis and are indicated as white
areas on the maps.
Time: 2010-2030
CO 2 : 420 ppm

A

Time: 2030-2050
CO 2 : 490 ppm

B
Delta Risk *
< -20 %
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Figure 6: Spatial plots of changes in durum wheat risk of yield shortfall by: (a) 2010-2030, (b) 2031-2050, (c)
2051- 2070 and (d) 2071-2090, relative to the baseline (1961-1990). Shortfall is defined as yields below the 20th
percentile yield calculated for the present-day period 1990-2010.

4.4. A probabilistic assessment of climate change impacts on wheat yield and nitrogen
leaching9
Climatic conditions have a high impact on both crop yields and nutrient losses from arable
land. To assess effects of future climate change on crop yields and nitrate leaching detailed
simulation under predicted future climatic conditions has been conducted. Continuous winter
wheat grown on two soil types – sandy (S) and sandy loam (SL) – under conditions
representative of Denmark and Southern Portugal were simulated using the crop, soil,
nitrogen simulation model Daisy. The model was used to provide response functions for
effects of changes in annual temperature and rainfall on grain yield and nitrate leaching. Two
9

Jørgen E. Olesen & Christen D. Børgesen, Department of Agroecology and Environment, University of
Aarhus, Research Centre Foulum, Denmark
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different methods were tested to obtain daily values of rainfall changes, either a
straightforward correction method where the same correction is applied to all days in the year,
or a seasonal correction where seasonal patterns in rainfall change for the specific site is used
to estimate the correction for rainfall change. To obtain a measure of the predicted climate
effect on N leaching and yields, a cumulative probability of N leaching above arbitrary
threshold values (25 kg N/ha for sandy loamy soils and 40 Kg N/ha for sandy soils) and the
cumulative probability of an arbitrary reduction in yield of >20% were calculated for each
combination of soil, climate data and region. The results were combined with future climate
projections for the years 2000-2100 using PDFs obtained in the UKCP09 projections.
In Figures 7A and B, examples of PDFs representing probability of climate change for the
years 2030-2050 are superimposed on impact response functions calculated with the Daisy
model for N leaching (upper panels) and yield reduction (lower panels) for southern Portugal
(A) and Denmark (B). Figure 7C shows the calculated cumulative probability for N leaching
(upper panel) and yield reduction (lower panel) for the years 2010 to 2090 in Denmark. Each
point in Figure 7C is calculated by combining PDFs describing the probability of climate
change with the Daisy response functions from Figure 7B. Generally the two regions respond
differently due to projected climate change on both N losses and yields. For southern Portugal
(not shown) the probability of N leaching above threshold values is nearly unchanged under
the changed climate conditions whereas for Denmark (Figure 7C) an increase for the sandy
soils and a slight decrease for sandy loamy soils are obtained. The probability of a yield
reduction exceeding 20% is seen to increase for sandy soils in Denmark during the whole
period. The lowest risk of yield shortfall was found for sandy loam soils, which is believed to
be due to the higher root zone capacity of this soil type, which reduces periods with plant
water stress, and thereby minimizes the effect of periods with low precipitation.
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Figure 7: Daisy model simulated probability response functions (isolines) of N leaching above threshold values
(upper panels) and probability response functions of yield reduction >20% of mean yields (lower panels)
calculated for south Portugal (A) and Denmark (B). Coloured contours show the relative probability of climate
change outcomes calculated for binned classes of changes in temperature (1°C intervals) and precipitation (10%
intervals) and then interpolated. (C): Calculated cumulative probability of N leaching above 25 and 40 kg N/ha
for a sandy loam and sandy soil, respectively, and yield reduction >20% of average yields. Calculation are for
decadal intervals from 2010 to 2090 and for combinations of soil type – sand (S) and sandy Loam (SL) – and
methods to change precipitation – proportional (P-corr.) and seasonal correction (S-corr.).

13/18

5. Comparison of the multiple scenario and response surface approaches
Only one study, that of palsa mires in Fennoscandia, undertook a comparison of the multiple
scenarios and response surface approaches, using an earlier, preliminary version of the
MOHC probabilistic climate projections. This is based on a perturbed-physics experiment
with a single GCM and has a narrower distribution than the final "grand ensemble" used in
the studies reported in Section 4.
The original palsa mire impact model was used to simulate all 12900 members of the climate
change ensemble for the period 2010-2030. For each ensemble member, the presence/absence
of palsas was estimated on a 10’x10’ grid north of the Arctic Circle. The distribution of these
impact outcomes identified areas of increased risk of palsa mire disappearance in northern
Fennoscandia (Figure 8).

Figure 8: Probability of the occurrence of palsa mires (%) in northern Fennoscandia for the period 2010-2030
using the preliminary MOHC perturbed physics experiment dataset (n=12,900) with the GAM-version of the
palsa model. The simulated distribution for the period 1961-1990 is shown in grey.

The change in area suitable for palsa mires in relation to the suitable area of the baseline
period was calculated and compared to estimates derived using the response surface approach.
This gives estimates of the change in suitable area, but provides no information about the
exact location of changes within the study area. Two versions of the response surface were
constructed with the same palsa mire impact model (Figure 9). One version assumed the same
temperature change in all months, whereas the second version weighted monthly temperature
changes according to the seasonal pattern of temperature changes estimated from a 6-GCM
ensemble average.
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Figure 9: Impact response surfaces constructed with the palsa model (GAM-version) for constant monthly
(coloured isolines) and seasonally varying (black isolines) temperature changes. The contour lines show the
change in area suitable for palsa mires (%) in northern Fennoscandia relative to the area suitable during 19611990 for a given precipation and temperature change.

Probabilities of changes in the total northern Fennoscandian area suitable for palsa mires were
higher for the response surface approach than the multiple scenarios approach. However, the
discrepancy was insignificant when a seasonal pattern of temperature adjustments was
applied, whereas the overestimation was substantial when adjustments were uniform
throughout the year (Figure 10). According to these calculations, the risk of total loss of
suitability for palsa mires (change of -100%) is estimated to be approximately 10% by 20102030.

Figure 10: Cumulative probability of change in northern Fennoscandian area suitable for palsa mires for 20102030 relative to 1961-1990 using the preliminary MOHC perturbed physics experiment dataset (n=12,900) with
the GAM-version of the palsa model simulating multiple scenarios and with two versions of the impact response
surface, constructed using constant monthly and seasonally varying temperature adjustments, respectively.
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6. Conclusions
This report has presented the results of studies undertaken in the ENSEMBLES project to
evaluate new methods of estimating the risk of future impacts in Europe. Specifically, it has
demonstrated how probablistic projections of future climate can be used directly to compute
probabilities of future impacts, using the impact response surface approach.
Overall, the results indicate that an impact response surface, once it has been constructed and
found to give reliable estimates of the impact variable, can be used in conjunction with a joint
frequency distribution of projected climate variables to provide estimates of the risk of a
given impact that replicate satisfactorily estimates obtained using simulations with multiple
scenarios. No further simulations with the original impact model are necessary, which can
significantly reduce the number of simulations needed to conduct an impact assessment
compared to simulating all sample members. This can be of particular importance when
applying more complex impact models, for which multiple simulations may be precluded on
practical grounds. The sample size of the climate change ensemble also directly affects the
feasibility of the multiple scenario simulations approach. For instance, the method adopted by
the MOHC to construct probabilistic climate change projections for ENSEMBLES, produced
sample sizes of thousands.
Overlaying a frequency distribution of future climate onto an impact response surface (e.g.
see Figures 4, 5 and 7) is also an effective visualisation technique for illustrating the relative
likelihood of a given impact. For instance, by animating plots of the joint temperature and
precipitation change PDFs superimposed on an impact response surface through time (e.g. at
decadal time steps through the 21st century), a powerful impression can be conveyed of how
the risk of impact changes through time.
Nevertheless, the impact response surface approach may not be appropriate in all cases.
Estimates by some impact models may be critically dependent on several climatic variables,
requiring the construction of response surfaces in multi-dimensional space. Conducting a
sensitivity analysis of an impact model with respect to combinations of changes in more than
two climatic variables would increase the number of required simulations and greatly
complicate the visualisation and interpretation of the resulting response surface. On the other
hand, constructing two-dimensional impact response surfaces with an impact model driven by
more than these two variables requires a simplification of the model or an assumption of how
the two selected variables can be related to the full set of required input variables. For
example, estimates of impact probabilities for palsa mire disappearance were significantly
affected (and improved) by introducing seasonality into the adjustment of annual temperature
changes.
Finally, it is important to emphasise that no study in the ENSEMBLES project considered the
uncertainties of the impact models being applied. Logically, parameter uncertainties in an
impact model might be be represented on an impact response surface as an envelope around
each of the plotted isolines. In the case of structural uncertainties, it would probably be
necessary to construct different response surfaces for each impact model being considered.
The calculation of impact probabilities should then account for these additional sources of
uncertainty.

16/18

References
Alcamo, J. and Kreileman, E. 1996. Emission scenarios and global climate protection. Global Environmental
Change, 6, 305-334.
Alcamo, J., Moreno, J.M., Novaky, B., Bindi, M., Corobov, R., Devoy, R., Giannakopoulos, C., Martin, E.,
Olesen, J.E., Shvidenko, A. 2007. Europe. In: Parry, M., Canziani, O., Palutikof, J., Hanson, C. and van der
Linden, P. (eds) Climate Change 2007: Impacts, Adaptation and Vulnerability. Contribution of Working
Group II to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge
University Press, Cambridge, pp 541–580
EEA, 2008. Impacts of Europe’s changing climate – 2008 indicator-based assessment. EEA report no. 4/2008,
European Environment Agency, 246 pp.
Fronzek, S., Carter, T.R., Räisänen, J., Ruokolainen, L. and Luoto, M. 2010. Applying probabilistic projections
of climate change with impact models: a case study for sub-arctic palsa mires in Fennoscandia. Climatic
Change, 99: 515-534.
Harris, G.R., Collins, M., Sexton, D.M.H., Murphy, J.M. and Booth, B.B.B. 2010. Probabilistic projections for
21st century European climate. Natural Hazards and Earth System Science (submitted)
Jäger, H.J., Hertstein, U. and Fangmeier, A. 1999. The European Stress Physiology and Climate Experiment—
project: 1: wheat (ESPACE-wheat): introduction, aims and methodology. European Journal of Agronomy,
10(3-4): 155-162.
Jones, R.N., 2000. Managing uncertainty in climate change projections--issues for impact assessment. Climatic
Change, 45: 403-419.
Jones, R.N., 2001. An environmental risk assessment/management framework for climate change impact
assessments. Natural Hazards, 23: 197-230.
Jones, P.D., Kilsby, C.G., Harpham, C., Glenis, V., Burton, A. 2009. UK Climate Projections science report:
Projections of future daily climate for the UK from the Weather Generator. University of Newcastle, UK, 44
pp.
IPCC, 1994. IPCC Technical Guidelines for Assessing Climate Change Impacts and Adaptations. Part of the
IPCC Special Report to the First Session of the Conference of the Parties to the UN Framework Convention
on Climate Change, Working Group II, Intergovernmental Panel on Climate Change [Carter, T.R., M.L.
Parry, H. Harasawa, and S. Nishioka (eds.)]. University College London, UK and Center for Global
Environmental Research, National Institute for Environmental Studies, Tsukuba, Japan, 59 pp.
IPCC, 2007. Climate Change 2007: The Physical Science Basis. Contribution of Working Group I to the Fourth
Assessment Report of the Intergovernmental Panel on Climate Change (Solomon, S., Qin, D. and Manning,
M., eds). Cambridge University Press, Cambridge UK and New York, 996 pp.
Kundzewicz, Z.W., and 47 others. 2001. Europe. In: McCarthy, J.J., Canziani, O.F., Leary, N.A., Dokken, D.J.
and White, K.S. (Eds.). Climate Change 2001: Impacts, Adaptation, and Vulnerability. Contribution of
Working Group II to the Third Assessment Report of the Intergovernmental Panel on Climate Change,
Cambridge University Press, Cambridge and New York, pp. 641-692.
Murphy, J., Collins, M., Doblas-Reyes, F. and Palmer, T., 2009. Development of ensemble prediction systems
[Research Theme 1]. Chapter 3 in van der Linden, P. and Mitchell, J.F.B. (eds.) ENSEMBLES: Climate
Change and its Impacts: Summary of research and results from the ENSEMBLES project. Met Office Hadley
Centre, Exeter, UK, pp. 19-33.
OECD, 1993. OECD core set of indicators for environmental performance reviews. Synthesis report by the
Group on the State of the Environment, Environment Monographs, 83, OCDE/GD(93)179, Organisation for
Economic Co-Operation and Development, Paris 1993
Parry, M.L. (ed.) 2000. Assessment of potential effects and adaptations for climate change in Europe: The
Europe ACACIA Project. Jackson Environment Institute, University of East Anglia, Norwich, 320 pp.
Parry, M., Arnell, N., McMichael, T., Nicholls, R., Martens, P., Kovats, S., Livermore, M., Rosenzweig, C.,
Iglesias, A. and Fischer, G., 2001: Millions at risk: defining critical climate change threats and targets.
Global Environmental Change, 11: 181-183.
Toth, F.L. 2003. Climate policy in light of climate science: the ICLIPS project. Climatic Change, 56: 7-36.
van der Linden, P. and Mitchell, J.F.B. (eds.) ENSEMBLES: Climate Change and its Impacts: Summary of
research and results from the ENSEMBLES project. Met Office Hadley Centre, Exeter, UK, 160 pp.
WBGU (German Advisory Council on Global Change), 1995. Scenario for the Derivation of Global CO2
Reduction Targets and Implementation Strategies, WBGU, Bremerhaven, Germany.

17/18

Appendix 1: Special Issue of Natural Hazards and Earth System Science (Status, May
2010)
Title: Applying ensemble climate change projections for assessing risks of impacts in Europe
Guest Editors: Timothy Carter (SYKE), Gregor Leckebusch (FUB), Jørgen E. Olesen (AU)
Papers
1. Carter, Leckebusch, Olesen Editorial [In preparation]
Section I: Models, methods and climate data
2. Carter, Leckebusch, Olesen, Bindi, et al. Applying multi-model climate projections in impact
and adaptation assessment: investigations in the ENSEMBLES project [In preparation, using
D6.14]
3. Goodess, Carter, Klein Tank, Royer, Cubasch, Hoeschel, Voldoire, Christensen,
Rummukainen, Jacob, Lorenz, et al. Preparation, analysis and delivery of the ENSEMBLES
regional climate projections and observations for use in impact and adaptation assessments
[In preparation, using D2B.26/D6.13]
4. Harris, Collins, Sexton, Murphy Probabilistic predictions for 21st century European climate.
[Submitted]
Section II: Estimating impacts of extreme weather events based on ensemble climate projections and
their implications for adaptation
5. Giannakopoulos, Psiloglou, et al. Multi-model projections of changes in heat wave mortality
risk in Athens during the 21st century [Submitted]
6. Jönsson, Bärring Using regional climate projections for assessing the risk of forest damage in
a changing climate ( a short review article ) [Submitted]
7. Donat, Leckebusch, Wild, Ulbrich European property damage potentials: development and
application of a simple storm regression model to global and regional multi-model projections
[Submitted]
8. Jylhä et al. Aspects of climate extremes in Finland under recent and projected climate
[Submitted]
9. Szwed et al. Applying agricultural, hydrological and human health indices to evaluate the
changing risk of weather extremes in Poland based on multi-model ensemble climate
projections [Submitted]
Section III: Techniques for evaluating probabilistic impacts of climate change using ensemble climate
projections
10. Børgesen, Olesen A probabilistic assessment of climate change impacts on winter wheat yield
and nitrogen leaching in Europe [Submitted]
11. Fronzek, Carter A comparison of methods for the probabilistic evaluation of climate change
impacts on subarctic palsa mires in northern Europe [In preparation]
12. Weiß, Alcamo A probabilistic assessment of climate change impacts on monthly water
availability in Europe [Submitted]
13. Graham, Wetterhall, Andréasson, Rosberg, Yang Using ensemble climate projections to
assess probabilistic hydrological change in the Nordic region [Submitted]
14. Ferrise, Moriondo, Bindi Probabilistic assessments of climate change impacts on agricultural
crops in the Mediterranean region [Submitted]
15. Carter, Leckebusch, Olesen. Postface [In preparation, using D2b.26/D6.13 and D6.14]
18/18

