OPEn-air laboRAtories for Nature baseD
solUtions to Manage hydro-meteo risks
Report on baseline weather and future climate
conditions for all OAL sites
Deliverable information
Deliverable no.:
Work package no.:
Document version:
Document Preparation Date:
Responsibility:

D5.1
5
1.0
24.02.2020
Partner No. 4 Helmholtz-Zentrum Geesthacht Zentrum für
Material- und Kustenforschung Gmbh (HZG), Germany

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 776848

GA no.: 776848

Project information
Project acronym and name:
EC Grant Agreement no.:
Project coordinator:
Project start date:
Duration:

OPERANDUM - OPEn-air laboRAtories for Nature baseD
solUtions to Manage hydro-meteo risks
776848
UNIBO
01.07.2018
48 months

Document Information & Version Management
Document title:
Report on baseline weather and future climate conditions for all
OAL sites
Document type:
Report
Main author(s):
Paul Bowyer (HZG), Susanne Pfeifer (HZG), Swantje Preuschmann
(HZG), Juilane El-Zohbi (HZG)
Contributor(s):
Natalia Korhonen (FMI), Rodica Tomozeiu (ARPAE), Christos Spyrou
(KKT-ITC), Craig Thomson (GCU), Bidroha Basu (UCD), Thomas
Zieher (OEAW)
Reviewed by:
Approved by:
Version
Date
Modified by
Comments
1.0
03.02.2020
Paul
Bowyer
and Draft for review
Susanne Pfeiffer
2.0
24.02.2020
Paul Bowyer
Final version in response to reviewers’
comments

Short Description
This deliverable provides an analysis of today’s climate in the OALs - which has been made on the
basis of an observed and a reanalysis data set, whilst analysis of possible future climates has made
use of the state-of-the-art regional climate model data provided by the EURO-CORDEX project. As
part of the development of the analysis in this report, a process of co-design was pursued, where
the leaders of the different OALs were consulted with via means of a survey, in order to ascertain
their needs in relation to climate data. For each OAL we have summarised the baseline and future
climate conditions for a wide range of climate indices, in what we call Climate Fact Sheets (CFS).
These CFS provide a highly visual and succinct presentation of changes in baseline, and possible
future climate conditions in the OALs.
Dissemination level
PU
Public
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Executive summary
Nature based solutions (NBSs) offer considerable potential to help adapt to and mitigate the impacts
of climate change. This potential needs however, to be demonstrated. One of the main aims of work
package 5 (WP5) is to be able to test the performance of the various NBSs in response to the various
hydro-meteorological hazards that are being investigated in OPERANDUM. To do this the NBSs need
to be tested, not only under today’s, but also across a range of possible future climates. Task 5.1 in
WP5 provides the starting point for carrying out this assessment, and discussions carried out in task
5.1 have fed directly into the preparations for the impact modelling which is being carried out in task
5.2, and specifically, the provision of the necessary climate data. The work presented in this report
provides a baseline against which changes in a wide range of climate indices in the open-air
laboratories (OALs), can start to be assessed.
For each of the European OALs, analysis of today’s climate has been made on the basis of an observed
and a reanalysis data set, whilst analysis of possible future climates has made use of the state-of-theart regional climate model data provided by the EURO-CORDEX project. As part of the development
of the analysis in this report, a process of co-design was pursued, where the leaders of the different
OALs were consulted with via means of a survey, in order to ascertain their needs in relation to climate
data. The results of this survey played a major part in the development of ideas as to how best to
summarise the baseline weather and future climate conditions in each OAL. For each OAL we have
summarised the baseline and future climate conditions, in what we call Climate Fact Sheets (CFS), and
these are presented as stand-alone ‘products’ in Annexes 1 to 7. These CFS provide a succinct
presentation of a comprehensive assessment of changes in baseline and possible future climates,
which are not only scientifically rigorous, but also serve as a useful ‘product’ which may help with
stakeholder engagement, and as such, could find application in other WPs in OPERANDUM.
The main innovations in this report are:
1. Comprehensive analysis of a wide range of climate indices: changes in a wide range of
different climate indices relevant for all NBSs have been prepared systematically for each OAL.
2. High spatial resolution regional climate projections: when testing the performance of the
NBSs it is important that the climate data correspond as closely as possible to the scale of the
operation of the NBSs. Here, we make use of the state-of-the-art EURO-CORDEX regional
climate projections which represent the finest spatial resolution at the pan-European scale
currently available.
3. Uncertainty quantification: when testing the performance of the NBSs it is important that this
is carried out over a wide range of possible future climates. Uncertainty in future climates
stems chiefly from internal variability, climate response (as represented by the models), and
emissions. Here, we use multiple realisations of global and regional models, and across three
different emissions scenarios. As such, the work presented here represents the best panEuropean quantification of uncertainty currently available.
In view of these innovations, the work presented here provides a solid basis for the further evaluation
of the performance of NBSs across the OALs, under current and future climate conditions.
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1 Introduction
Nature based solutions (NBSs), in addition to helping secure many of the ecosystem services that we
depend on for human well-being, offer considerable potential to help adapt to, and mitigate the
impacts of, climate change (Nesshover et al. 2017, Seddon et al. 2020). One of the main objectives of
the OPERANDUM project is to be able to demonstrate the potential of a suite of different NBSs in
response to a range of different hydro-meteorological hazards. The innovative use of the Living Labs
concept across the Open-Air Laboratories (OALs) in OPERANDUM provides a strong basis for
demonstrating the potential of NBSs, and as such promises to make a strong contribution to the
evidence base about the efficacy, and possible trade-offs that might need to be considered in their
implementation. This potential needs to be demonstrated not only under today’s climate however,
but also rigorously tested across a range of possible future climates.
As stated in the project’s description of work, the aim of this report is to provide the basis for
understanding today’s climate and possible future climates for the seven European based OALs.
Moreover, the work that has been undertaken in task 5.1 has fed into the discussions that have been
ongoing in task 5.2, in relation to the delivery of climate data, so that the impact modelling for the
different hydro-meteorological hazards and NBSs can take place, which will lead to deliverable D5.2.
The work carried out in task 5.1 will also be relevant for activities in relation to task 5.4 and the
potential up-scaling of NBS; tasks 6.4 and 6.5 in WP6 related to exposure, risk and vulnerability
assessments; and the data analysed here will be relevant to WP7 and the GeoIKP.
This report contributes to two of the main objectives in the OPERANDUM project:
1. Specific objective SO1 result 4 – sensitivity analysis of hydro-meteo hazards to NBSs in
Europe, and;
2. Specific objective SO5 result 23 – guidelines for assessment of the effectiveness of NBSs in
wider lands (replication and scalability) as a measure of adaptation to the effects of climate
change.
For each of the European OALs, analysis of today’s climate has been made on the basis of an observed
and a reanalysis data set, whilst analysis of possible future climates has made use of the state-of-theart high-resolution (EUR-11) regional climate model projections data provided by the EURO-CORDEX
project (Jacob et al. 2013). For the OALs in Australia, China and Hong Kong, it was not possible to carry
out a similar analysis. This was due to a lack of suitably high spatial resolution regionally downscaled
climate projection data, which was particularly important for the OALs in Australia and Hong Kong,
because they cover very small areas in relation to the resolution of the available climate data. In
addition, there is only a small number of simulations available for each emissions scenario, such that
the uncertainty quantification would be weak, and this applies especially to the OALs in Hong Kong
and China. These two factors, the spatial mismatch between the size of the OALs and the available
climate projection data, together with the inability to carry out a satisfactory uncertainty
quantification meant that it would not be possible to carry out a valuable piece of analysis for these
OALS, and as such, they are not analysed in this report.
As part of the development of the analysis in this report, a process of co-design was pursued, where
the leaders of the different OALs were consulted with via the means of a survey, in order to ascertain
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their needs in relation to climate data. The results of this survey played a major part in the
development of ideas as to how best to summarise the baseline weather and future climate conditions
in each OAL. For each OAL we have summarised the baseline and future climate conditions, in what
we call Climate Fact Sheets.
This report is structured as follows. Section 2 describes the process of co-design that was followed,
and details the questions and analysis of climate data needs in each of the seven European OALs.
Section 3 goes into detail on the data and methods that have been used in the compilation of this
report, in order to provide the results for each of the OALs. Section 4 introduces the Climate Fact
Sheets that have been put together as a means of providing concise summaries of changes in a large
range of climate indices, which are then presented for each of the seven European OALs in Annexes 1
to 7. Section 5 provides a summary of the work that has been done, together with some conclusions,
and discusses the links to further work in OPERANDUM.
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2 Understanding the climate data needs in the OALs
In order to make progress on understanding the kinds of climate variables and indices that are of
importance in the analysis of the different NBSs in all the OALs, a process of co-design and coproduction was undertaken (Norström et al. 2020). This co-design process proceeded through a
number of teleconferences and the establishment of a task-force which provided a forum for
discussion, but the main way in which the climate data needs in the different OALs was obtained, was
through means of a survey.

2.1 Survey: climate data needs in the OALs
The survey was designed to obtain information on which climate indicators are of importance and
relevance in the OALs. The initial aim of the survey was to establish a common set of climate indicators
for all OALs, that could serve as a preliminary basis for the development and analysis of climate data
in WP4 and WP5 (although clearly the analysis of climate data may also be important in relation to
other WPs e.g. WP6).
The survey was first presented and discussed at the OPERANDUM workshops held in Helsinki and Paris
in February 2019, and was subsequently sent separately to the seven European OAL leaders.
The survey contained three main questions where the OAL leaders were asked to indicate which
climate indicators are relevant for their site with respect to (1) temperature-related indices, (2)
precipitation-related indices, and (3) any other climate indicators. There was also a text-box within
which the OAL leaders could provide information on any other climate indices that may be of interest
and importance for their sites.

2.2 Survey results
Responses to the survey were obtained from all seven OALs and the results are presented below in
figures 1-3.
For the temperature-related climate indices there was considerable demand for all the indices, with
more than half indicating they wanted all the listed temperature-related indices, apart from spring
frost days, which was nevertheless still important for three of the seven OALs (Figure 1).
For the precipitation-related climate indices there was strong demand for all indices, with a majority
of OALs indicating that each index was important for their OAL and analysis of NBSs to hydrometeorological risks (Figure 2).
Responses to the question were there any other climate indices that were of relevance to a given OAL
also revealed strong interest in two of the three indices detailed (Figure 3).
The free-text responses from OAL leaders were also very interesting and these are summarised in
table 1.
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Requests for temperature-related climate indices
(number of respondents)
Spring frost days
Frost days
Duration of heatwaves
Tropical nights
Hot days
Days > 5 deg. C
Summer days
Surface air temperature (2m)
0

1

2

3

4

5

6

7

Figure 1. Requirement for temperature-related climate indices. More information on the climate indices
can be found in table 3.

Requests for precipitation-related climate indices
(number of respondents)
Number of days when precipitation > 20mm
P99 daily precipitation
P95 daily precipitation
Number of wet days
Number of dry days
Annual and seasonal precipitation
0

1

2

3

4

5

6

7

Figure 2. Requirement for precipitation-related climate indices. More information on the climate indices
can be found in table 3.
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Requests for other kinds of climate indices
(number of respondents)
Sultriness days
Climatic water balance
Wind direction
0

1

2

3

4

5

6

7

Figure 3. Requirement for other climate indices. More information on the climate indices can be found in
table 3.

Table 1. Summary of the free-text responses to the need for climate data in each OAL.

OALs

Specific needs regarding climate indicators described by each OAL

OAL
Austria

As the landslide is sensitive to prolonged periods of wet/dry conditions (e.g. wet
summer months, snow melt in spring), wet/dry days per year may not be directly
useful as an indicator of landslide activity. An interesting indicator could be e.g. the
number of consecutive wet/dry days.

OAL UK

At OAL-UK we strive to assess plant-soil-atmosphere interactions from an ecohydrological point of view. The main climatic variables we use are rainfall and
potential evapotranspiration. As for the latter variable, the parameter sunshine
duration is very sensitive and it is not measured at our OAL. Wind speed and
direction are also relevant. We may explore in the future aspects related to sea wave
height and force for which other climatic variables that we are not exploring
currently may become of use.

OAL
Finland

For the Finnish OAL the following indicator is useful: temperature sum during the
growing season (sum of daily temperatures exceeding +5oC). In addition, it would be
useful to get water equivalent of snow during winter, but that might be too
demanding to get. For modelling purposes we need on daily basis: air temperature,
precipitation, solar radiation, vapor pressure and wind speed.

OAL
Greece

For OAL Greece the most important climatic indicators relate to precipitation and
temperature which in turn modulate floods and droughts and have already been
selected. It would be useful to also have near surface relative humidity (2m), or dewpoint temperature.

OAL
Ireland

The goal is to develop a physical-based rainfall-runoff hydrological model for Dublin.
For this purpose we will be requiring the following 5 variables:; 1. Precipitation, 2.
Temperature, 3. Relative Humidity, 4. Wind Speed and 5. Solar Radiation, averaged
over the entire basin at daily timescale. Can you also provide relative humidity and
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OALs

Specific needs regarding climate indicators described by each OAL
solar radiation for those 11km x 11km grids (seasonal averages will do). We are
planning to use RCP 4.5 and RCP8.5 scenarios for now.

OAL Italy

In Italy there are three OALs. Climate data needs for the Bellocchio lagoon OAL
include wind speed and direction, as well as mean sea level pressure as this is
important to evaluate changes/trends in sea level and wave storminess along the
coastal area of interest. Data on long-term storminess and meteorological storminess
associated with Emilia-Romagna sea storms could also be analysed if they were
available.
For the Po di Goro OAL climate variables of interest would be total and seasonal
precipitation and evapotranspiration
For the Panaro river OAL climate variables needed are time-series of temperature
and precipitation, if possible at hourly time scale (minimum daily time-scale). In
addition, the following other variables may be useful (for evaporation and snow
accumulation/melting modelling): relative humidity (%) or dew temperature (°C),
wind speed (m/s), solar radiation (at daily or sub-daily time scale).

OAL
Germany

For the OAL Germany the following climate variables are of interest temperature,
precipitation, consecutive heat/dry-days, and consecutive wet days.

The results of the survey were instrumental in determining the way in which this report on baseline
weather and future climate conditions has been developed, but also provided a solid basis for the
discussion of specific data requirements for the multiple impact modelling which takes place in task
5.2. in WP5

2.3 Data delivery for multiple impact modelling in task 5.2
In addition to the survey of climate data needs that was used to directly inform the development of
this deliverable, discussions were had among the different modelling groups, OAL leaders, and HZG as
to the data requirements for the impact modelling that will take place in task 5.2 of WP5. These data
were delivered to the modelling groups in February 2020, by providing each group with a link to a
PowerFolder where the data could be downloaded. The data were provided in NetCDF format.
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3 Materials and methods
Following discussions with colleagues in WP5 together with the results obtained from the survey, and
internal discussion as to how best to summarise the report of baseline weather and future climate
conditions, it was decided that a smart way to do so would be to develop a Climate Fact Sheet (CFS),
for each OAL. This section describes the materials and methods that were used to put these CFS
together.

3.1 Historical climate data
To assess the climate of the seven OAL regions, different climate datasets were used. For historical
and recent climate conditions, daily precipitation and temperature (daily mean, minimum, and
maximum) from the E-OBS v19.0e gridded observational dataset (Haylock et al. 2008, Cornes et al.
2018), and the ERA5 reanalysis data (Hersbach & Dee 2016) have been used. E-OBS is a pan-European
gridded daily data set based on observations made at numerous weather stations around Europe, and
is freely available for non-commercial use. These station data are interpolated to provide data for two
different grid resolutions, 0.1 degree, and 0.25 degree. The climate variables that are available from
E-OBS are daily mean temperature, daily minimum temperature, daily maximum temperature, daily
precipitation sum, daily averaged sea level pressure, and global radiation. Here, we used the 0.1
degree resolution data. To complement the E-OBS data, we have also made use of the ERA5 reanalysis
data. One limitation with the E-OBS data is that the spatial sampling of the weather stations varies
across Europe so there are some areas where there are not much data. A reanalysis data set such as
ERA5 combines the use of models which have complete spatial coverage with the use of observations
which provide reality checking and updating of the model simulations by assimilating observations.
ERA5 is an open-access data set, and has a spatial resolution of 31 km. As such, by making use of both
the E-OBS and ERA5 data sets, we provide the most complete picture possible for changes in recent
climate over the European OALs.

3.2 Possible future climates in the OALs
In order to analyse how effectively the various NBSs may function in each of the OALs under future
climatic conditions some future climate data sets are needed. Projections of how the climate may
change are readily available at the multi-decadal timescale from both global climate models (GCMs)
(e.g. Flato et al. 2013), and regional climate models (RCMs) (e.g. Jacob et al. 2013). Global climate
models simulate changes in future climate under a range of different forcing scenarios, and the spatial
resolution of the global climate model grids is typically on the order of 100-200 km. Clearly, this
resolution does not correspond very closely to the scale of the impacts that are of interest in the OALs,
and the scale at which the various NBSs will be implemented. As such, data from the GCMs, needs to
be downscaled to a resolution more closely matching that at which the interventions are taking place.
This means that regional climate models have to be used in order to dynamically downscale the GCM
output to provide data which typically has a grid spacing of a couple of tens of km (Giorgi 2019,
Ruumukainen 2010, 2016). This process is shown schematically in figure 4.
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For the analysis of changes in future climate conditions in the seven European OALs, data from the
EURO-CORDEX project have been used (Jacob et al. 2013), together with regional climate projection
data from the ReKlies-DE project (Huebener et al. 2017). EURO-CORDEX is the European branch of the
World Climate Research Programme’s Coordinated Regional Climate Downscaling Experiment
(CORDEX). As regionally downscaled climate data is often used in impact modelling studies which
inform climate adaptation strategies, it is important to understand the benefits and shortcomings of
the different approaches to downscaling climate data. The motivation behind CORDEX is to provide
an international coordinated response to the evaluation and quantification of the performance of the
downscaled regional climate data. CORDEX provides coordinated regionally downscaled climate data,
and in total there are 14 different domains or regions where CORDEX activities are underway. The
European domain is blessed with large ensembles of high spatial resolution regional climate model
simulations.

The EURO-CORDEX data used in this report have a grid spacing of approximately 12 km (EUR-11), and
represent the current state-of-the-art in terms of large ensemble pan-European data. The benefit and
added-value of making use of such high-resolution RCM data is shown in figures 5a and 5b, where, in
comparison to the observed data set, both with respect to summer precipitation, and an index of
extreme precipitation, the RCM is seen to clearly outperform the GCM. This is because the complex
topography of the Alpine region is more accurately represented in the higher spatial resolution RCM.

Figure 4. Schematic representation of the process of downscaling global climate model (GCM) data to a
scale more suitable for impact studies using regional climate models (RCM). Source: Giorgi
(2019), reproduced with permission.

How the global climate may change in the future will depend on the future levels of greenhouse gases
(GHGs) and aerosols in the Earth’s atmosphere, but also on factors such as land cover change. To make
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simulations of changes in future climate then, we need to make some assumptions about the way in
which human society may develop, which will determine the future concentration of GHGs and
aerosols in the Earth’s atmosphere, and thus develop a set of emissions scenarios, which can be used
to simulate future climate. The current suite of emissions scenarios used by the climate modelling
community are called the representative concentration pathways (RCPs), and we make use of these
in the description of future climates in the OALs (Moss et al. 2010, van Vuuren et al. 2011, Hausfather
& Peters 2020).
There is a range of different RCPs, each of which describes a possible future evolution of atmospheric
GHG and aerosol composition. RCP2.6 represents a pathway where stringent climate mitigation is
undertaken, RCP4.5 and RCP6.0 represent pathways where there is mitigation leading to intermediate
and high levels of radiative forcing, respectively, and RCP8.5 represents a worst-case scenario where
emissions continue to rise throughout the 21st century (Hausfather & Peters 2020). Due to the
availability of large ensembles of RCM simulations, plus the established desire to try and span the
range from stringent mitigation consistent with the Paris Agreement, to exploration of a worst-case
future, simulations of changes in climate indices were analysed using RCP2.6, RCP4.5, and RCP8.5.
These data were downloaded from the Earth System Grid Federation (ESGF) data portal. For RCP2.6
we have an ensemble with 16 members, for RCP4.5 an ensemble with 13 members, and for RCP8.5 an
ensemble with 22 members. A member in an ensemble represents one simulation with one set-up of
a GCM-RCM pair, or, in other words, the number of model simulations, or sample size. These data
represent the highest spatial resolution pan-European, multi-model regional climate projection data
that are currently available. Table 2 summarises the GCM/RCM pairs associated with each RCP that
we have made use of in describing possible future climates in the seven European OALs.
By using this multi-model and multi-scenario approach to analysing projected changes in climate
indices, a solid basis is provided for quantifying the uncertainty in possible future changes (Hawkins
and Sutton 2008).
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(a)

(b)

Figure 5. The added-value of regional climate models (RCM) over global climate models (GCM) when
compared to observations (OBS) over the Alpine region. Simulation of (a) summer
precipitation, and (b) fraction of total precipitation above the 95th percentile (R95). The
simulation period is 1975-2004, and the RCM have an ~12 km grid spacing, and the GCM ~150
km grid spacing. Source: Giorgi (2019), reproduced with permission.

3.3 Analysed climate indices in the OALs
A suite of 18 different climate indices were selected for analysis in this report. These 18 indices include
16 of the 17 indices that were requested based on the results of the survey. Following discussion
within the task-force, it was determined that wind speed would be more useful for the different
groups than wind direction, and so wind speed has been analysed. In the same way, following
discussion in the task-force, heating degree days was added to the list of climate indices to be
analysed.

D5.1 | Report on baseline weather and future climate conditions for all OAL sites

17 / 167

GA no.: 776848
Table 2. List of global climate model (and realisation) and regional model climate pairs per RCP used in the
analysis of projected climate change in the OALs.

GCM, realisation
CanESM2, r1i1p1
CanESM2, r1i1p1
EC-EARTH, r1i1p1
EC-EARTH, r1i1p1
EC-EARTH, r12i1p1
EC-EARTH, r3i1p1
EC-EARTH, r12i1p1
EC-EARTH, r12i1p1
EC-EARTH, r12i1p1
GFDL-ESM2G, r1i1p1
HadGEM2-ES, r1i1p1
HadGEM2-ES, r1i1p1
HadGEM2-ES, r1i1p1
HadGEM2-ES, r1i1p1
HadGEM2-ES, r1i1p1
IPSL-CM5A-MR, r1i1p1
IPSL-CM5A-LR, r1i1p1
MIROC5, r1i1p1
MIROC5, r1i1p1
MPI-ESM-LR, r1i1p1
MPI-ESM-LR, r2i1p1
MPI-ESM-LR, r1i1p1
MPI-ESM-LR, r1i1p1
MPI-ESM-LR, r1i1p1

RCM
CCLM4-8-17_v1
REMO2015_v1
RACMO22E_v1
WRF361H_v1
RACMO22E_v1
HIRHAM5_v2
RCA4_v1
CCLM4-8-17_v1
REMO2015_v1
REMO2015_v1
RACMO22E_v2
CCLM4-8-17_v1
RCA4_v1
REMO2015_v1
WRF361H_v1
RCA4_v1
REMO2015_v1
REMO2015_v1
CCLM4-8-17_v1
REMO2009_v1
REMO2009_v1
CCLM4-8-17_v1
RCA4_v1a
WRF361H_v1

RCP8.5
x
x
x
x
x
x
x
x
x

RCP4.5

RCP2.6

x

x

x
x
x
x
x
x

x
x
x

x
x
x
x
x
x
x

x
x
x
x

x

x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

3.4 Time periods of analysis
For the historical data, two different time periods for each different data set were used. For E-OBS
v19.0e, the analysed time period was 1971-2000, which relates to a standard climate reference period;
while the time period of analysis for the ERA5 data was 1989-2018. The difference in the two different
time periods is due simply to data availability.
For the possible future climates two time periods of analysis were selected, one which focused on the
mid-term, being defined as 2036-2065, and one for the end of this century of 2070-2099. The analysis
of changes in the 18 climate indices was based on the difference from a climate baseline period of
1971-2000. The analysis of these two future time-periods provides a solid basis for starting to
understand what kind of possible future climates the NBSs may be confronted by, and have to perform
under.
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Table 3. List of the climate indices that were analysed for each OAL, together with their definition.

Climate index

Definition

Defined as the temperature in 2m height above surface. The
seasonal temperatures are based on the meteorological calendar,
i.e. spring covers March, April and May, summer is calculated as
Temperature
mean of the months June, July, August, autumn temperature is
calculated from September, October, and November values, and
winter from December, January, and February.
Number of days per year with daily maximum temperatures of at
Summer days
least 25°C.
Number of days per year with daily maximum temperatures of at
Hot days
least 30°C.
Number of days per year with daily minimum temperatures of at
Tropical nights
least 20°C.
Maximum annual duration [in days] of consecutive days with daily
Duration of heat waves
maximum temperatures of at least 30°C.
Number of days per year with a daily average temperature above
Days > 5 °C
5°C.
The total amount of heating degree days per year can be used as
measure for the need of heating per year. Heating degree days are
defined using a temperature threshold (here 15°C), below which
Heating degree days
heating is needed. It is calculated by summing up the daily
differences of temperature and the threshold when temperatures
are below the threshold.
Number of days per year with daily minimum temperatures below
Frost days
0°C.
Number of days between 1st of April and 31st of May with a daily
Spring frost days
minimum temperature below 0°C.
The sum of annual and seasonal precipitation is calculated from
daily precipitation sums. It contains liquid as well as solid
Annual and seasonal
precipitation (rain and snow). The seasonal precipitation sums are
precipitation
based on the meteorological calendar (see above for definition of
the seasons).
Number of days per year with daily precipitation (rain and snow)
Precipitation > 20 mm/day
higher than 20mm.
Number of days per year with daily precipitation (rain and snow)
Dry days
lower than 1mm.
Number of days per year with daily precipitation (rain and snow) of
Wet days
at least 1mm.
Value of total daily precipitation that is exceeded on five percent of
95th percentile of precipitation
all wet days per year.
Value of total daily precipitation that is exceeded on one percent of
99th percentile of precipitation
all wet days per year.
Wind speed
Mean annual wind speed in m/s.
Difference between annual precipitation and annual evaporation in
Climatic water balance
mm/day.
Number of days per year with daily values of vapor pressure greater
Sultriness days
than 18.8hPa. The vapor pressure is calculated based on daily values
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Climate index

Definition
of the near-surface air temperature and the relative humidity using
the Magnus Formula.

3.5 Processing the climate data over the OALs
For all OAL regions, the geographical boundary of each OAL was provided by the project partners. As
most of the OAL regions are small compared to the grid resolution of the climate projections, a
weighted-average approach to derivation of the statistics for the OALs was adopted. Figure 6 shows
this for the case of the OAL Greece, where the boundary of the OAL is shown in red in relation to the
climate projection grid from the EURO-CORDEX data (EUR-11). The weighting applied to each grid cell
was based on the fractional area of each grid-cell that falls within the boundary of the respective OAL
(blue numbers in figure 6). The same approach was applied to the other six OALs. Time-series of the
climate indices were calculated for all OAL regions by averaging the data for all grid-cells within the
OAL area. The same weighted-average approach was adopted to derive the statistics from the E-OBS
and ERA5 data.

Figure 6. The outline of the Greek OAL within the EURO-CORDEX gridded data, showing the weighting scheme
that was used to derive statistics for the analysis of climate indices. The same procedure was
applied for the other OALs.

D5.1 | Report on baseline weather and future climate conditions for all OAL sites

20 / 167

GA no.: 776848

3.6 Statistical assessment of the regional climate projections
In order to be able to make an assessment of the robustness of the projected changes, two robustness
criteria were developed. One was based on the level of model agreement in terms of the sign of the
change (i.e. increase/decrease) at the end of the 21st century, while the other was based on a statistical
test of the significance of the projected difference compared to the climate baseline period of 19712000 for each regional climate model simulation. The statistical test applied was the Mann-Whitney
U-test (Mann & Whitney 1947).
Based on these two robustness criteria, the following statements in relation to the robustness of the
changes were developed, and these accompany the analysis of the changes presented in section 4:

Increase: is assigned when the majority of the model simulations (>66%) project an increase in the
given climate index, and a majority (50%) of these projected increases are statistically significant.
Tendency towards an increase: is assigned when the majority of the model simulations (>66%) project
an increase in the given climate index (>66%), but without a majority (50%) of the projected increases
being statistically significant.
Decrease: is assigned when the majority of the model simulations (>66%) project a decrease in the
given climate index, and a majority (50%) of these projected decreases are statistically significant.
Tendency towards a decrease: is assigned when a majority of the model simulations (>66%) project a
decrease in the given climate index, but without a majority (50%) of the projected decreases being
statistically significant.
Unclear: The majority (50%) of the model simulations project statistically significant changes
(increases or decreases), but there is no agreement between the models on the direction of change.
No Changes: The majority (50%) of the model simulations project statistically insignificant changes
and there is no majority (>66%) agreement on the direction of the change.

This expert judgement scheme and the symbols associated with each statement is shown in figure 7.
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Figure 7. Symbology used to express the robustness of the projected changes in the climate indices.

3.7 What is a climate fact sheet?
Whenever we make use of regional climate data, we strive to make use of multiple GCM/RCM models
and multiple emissions scenarios. We do this so as to provide as strong a quantification of the
uncertainty in the possible future climates as possible. In doing so, we are dealing with sizeable data
volumes which requires careful consideration as to how best to present the results. The climate fact
sheets provide a visually arresting and concise presentation of the possible changes in the analysed
climate indices. Changes in the various climate indices for all models used and emissions scenarios,
are shown graphically, and these are accompanied by short statements which describe the changes.
In addition, the changes are accompanied by expert judgements regarding the robustness of the
changes using simple icons. Tables are used to summarise the changes across the full range of indices,
and emissions scenarios. As such, not only do these CFS provide a comprehensive and succinct
summary for scientists, they are also very useful in relation to stakeholder engagement, and as such,
could find useful application in other WPs in OPERANDUM, for example in WP6 and perhaps also WP7.
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4 Historical and possible future climate conditions in the OALs
For each of the seven European OALs, we have prepared a Climate Fact Sheet, which describes the
changes in the selected climate indices as discussed in section 3. We have presented the analysis like
this as a means of providing a highly visual and concise presentation of changes in a large number of
climate indices, using the best freely available pan-European climate data sets for historical climate,
and the best available high-resolution large ensemble regional climate projection data from the EUROCORDEX project.
The changes in each OAL are provided as a stand-alone Climate Fact Sheets (CFS) in Annexes 1 to 7.
The CFS included as part of this report are reproduced in a lower resolution than the original for
reasons of file size. Full high-resolution CFS can be however be downloaded here:
https://powerfolder.hzg.de/getlink/fi4BP3TRXuC1jnaajq8eEwDv/
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5 Summary and conclusions
Nature based solutions (NBSs) offer considerable potential to help adapt to and mitigate the impacts
of climate change. This potential needs however, to be demonstrated. One of the main aims of work
package 5 (WP5) is to be able to test the performance of the various NBSs in response to the various
hydro-meteorological hazards that are being investigated in OPERANDUM. To do this the NBSs need
to be tested, not only under today’s, but also across a range of possible future climates. The work
presented in this report provides a baseline against which changes in a wide range of climate indices
in the open-air laboratories (OALs), can start to be assessed.
For each of the European OALs, analysis of today’s climate has been made on the basis of an observed
and a reanalysis data set, whilst analysis of possible future climates has made use of the state-of-theart regional climate model data provided by the EURO-CORDEX project. As part of the development
of the analysis in this report, a process of co-design was pursued, where the leaders of the different
OALs were consulted with through means of a survey, in order to ascertain their needs in relation to
climate data. The results of this survey played a major part in the development of ideas as to how best
to summarise the baseline weather and future climate conditions in each OAL. For each OAL we have
summarised the baseline and future climate conditions, in what we call Climate Fact Sheets (CFS), and
these are presented as stand-alone ‘products’ in Annexes 1 to 7.
The methods and choices made in processing and analysing the climate data has been described in
detail in section 3. The development of the CFS provides a succinct presentation of a comprehensive
assessment of changes in baseline and possible future climates, which are not only scientifically
rigorous, but also serve as a useful ‘product’ which may help with stakeholder engagement, and as
such, could find application in other WPs in OPERANDUM. Moreover, the work and discussions that
have taken place in relation to this deliverable, are directly tied to task 5.2, as they provide the basis
for the multiple impact modelling performed there. In addition, work carried out in this task, will be
used in task 5.4 and the potential up-scaling of NBSs; tasks 6.4 and 6.5 in WP6 relating to exposure,
risk and vulnerability assessments; and in WP7 the data analysed here will be made available in the
GeoIKP.
The main innovations in this report can be summarised as follows:
1. Comprehensive analysis of a wide range of climate indices: changes in a wide range of
different climate indices relevant for all NBSs has been prepared systematically for each OAL.
2. High spatial resolution regional climate projections: when testing the performance of the
NBSs it is important that the climate data correspond as closely as possible to the scale of the
operation of the NBSs. Here, we make use of the state-of-the-art EURO-CORDEX regional
climate projections which represent the finest spatial resolution at the pan-European scale
currently available.
3. Uncertainty quantification: when testing the performance of the NBSs it is important that this
is carried out over a wide range of possible future climates. Uncertainty in future climates
stems chiefly from internal variability, climate response (as represented by the models), and
emissions. Here, we use multiple realisations of global and regional models, and across three
different emissions scenarios. As such, the work presented here represents the best panEuropean quantification of uncertainty currently available.
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ANNEX 1 – Climate fact sheet OAL Austria
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Climate Service Center Germany

Climate Fact Sheet
Open-Air Laboratory Wattental Voegelsberg

At a glance
The Climate Fact Sheet provides brief and concise information on possible future climate developments for the
Open-Air Laboratory Wattental Voegelsberg in the 21st century. They are based on the results of 51 regional
climate model simulations, which are based on the Representative Concentration Pathways (RCPs). RCP8.5
represents a worst case scenario, RCP4.5 a medium mitigation scenario, and RCP2.6 a stringent mitigation
scenario. 18 different indices for climate change are presented, which are relevant for various societal sectors.
They are supplemented by an expert judgement of the reliability of the shown changes. The relationship to the
climate of the near past is illustrated by some of the key figures calculated from observation data for the
Open-Air Laboratory Wattental Voegelsberg. At the end of the 21st century, the annual mean near-surface
temperature is projected to increase between 0.8 °C and 2.7 °C in RCP2.6, between 1.6 °C and 3.9 °C in
RCP4.5, and between 3.4 °C and 6.3 °C in RCP8.5; these increases are robust for all scenarios. For the annual
precipitation at the end of the 21st century the projections show changes between -13.2 % and 9.1 % for
RCP2.6, between -5.0 % and 13.4 % for RCP4.5, and between -17.1 % and 19.1 % for RCP8.5. For annual
precipitation, none of the projected changes for the end of the 21st century are robust.
Projected Climate Changes for the end of the 21st century
Parameter

Worst case scenario

Medium mitigation scenario

Stringent mitigation scenario

Details

temperature

increase

increase

increase

pp. 5, 14

summer days

increase

increase

increase

pp. 5, 14

hot days

increase

increase

tendency towards increase

pp. 6, 14

tropical nights

increase

tendency towards increase

no changes

pp. 6, 14

duration of heat waves

increase

increase

tendency towards increase

pp. 7, 14

days > 5 °C

increase

increase

increase

pp. 7, 14

heating degree days

decrease

decrease

decrease

pp. 8, 14

frost days

decrease

decrease

decrease

pp. 8, 14

spring frost days

decrease

decrease

decrease

pp. 9, 14

precipitation

no changes

tendency towards increase

tendency towards increase

pp. 9, 14

precipitation > 20 mm

increase

increase

tendency towards increase

pp. 10, 15

dry days

increase

no changes

tendency towards increase

pp. 10, 15

wet days

decrease

no changes

tendency towards decrease

pp. 11, 15

p95th

increase

tendency towards increase

tendency towards increase

pp. 11, 15

p99th

increase

tendency towards increase

no changes

pp. 12, 15

wind speed

decrease

tendency towards decrease

no changes

pp. 12, 16

water balance

tendency towards decrease

tendency towards increase

no changes

pp. 13, 16

sultriness

increase

tendency towards increase

tendency towards increase

pp. 13, 16
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Today's climate and observed
changes
Climate indices for today's climate for the region Open-Air Laboratory Wattental Voegelsberg
The Open-Air Laboratory Wattental Voegelsberg is located south of the town of Wattens in Tyrol (Austria).
Wattens has a warm temperate climate, characterized by significant precipitation throughout the year. For the
region of the Open-Air Laboratory Wattental Voegelsberg, data has been extracted from the longterm daily
gridded observational data E-OBS (V19.0e). Together with the ERA5 reanalysis data, these are used as the
present day climate reference. The figures below show the representation of the Open-Air Laboratory Wattental
Voegelsberg (red line) for the E-OBS V19.0e grid on the left and the ERA5 grid on the right. The numbers in blue
give the share of the gridboxes contributing to the regional mean values. For the region indicated in the two
figures, climate indices for the period of 1971 to 2000 (E-OBS) and 1989 to 2018 (ERA5) are derived from the
respective dataset.

E-OBS ( 1971-2000 )

ERA5 ( 1989-2018 )

summer days [days/year]

1

2

hot days [days/year]

0

0

tropical nights [days/year]

0

0

days > 5 °C [days/year]

148

161

frost days [days/year]

184

188

spring frost days [days/year]

32

30

precipitation [mm/day]

3.1

4.6

8

14

dry days [days/year]

214

157

wet days [days/year]

151

206

precipitation > 20 mm [days/year]

Observed changes in the past and recent climate for Open-Air Laboratory Wattental Voegelsberg
For the period of 1950 to 2010, an increase of the annual mean temperature of about 0.02 °C/year can be
derived from E-OBS (V19.0e). For the more recent period of 1980 to 2010, the increase is about 0.04 °C/year.
The lowest annual mean temperature recorded since 1950 in the series of measurements for E-OBS (V19.0e)
was in the year 1956 with 1.4 °C, the highest value in the year 2002 with 4.2 °C.
For the annual mean precipitation, the measurements do not show any clear trends during the course of the 21st
century. The lowest annual precipitation values since 1950 in E-OBS (V19.0e) were recorded in the year 1971
with 803 mm, the highest values in 1952 with 1608 mm.
Data source for the information on observed climate: E-OBS gridded observational dataset (V19.0e, temporal/spatial resolution:
daily/0.1°, http://surfobs.climate.copernicus.eu/dataaccess/access_eobs.php), as well as C3S, Copernicus Climate Change Service
(2017): ERA5: Fifth generation of ECMWF atmospheric reanalyses of the global climate. Copernicus Climate Change Service Climate
Data Store (CDS). Access: https://cds.climate.copernicus.eu/. Daily values of mean, minimum and maximum temperature as well as daily
mean precipitation were selected.
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Projected
climate changes
The projected changes shown in this Climate Fact Sheet are based on an ensemble of climate projections which
were created in the context of the EURO-CORDEX initiative as well as on regional climate projections provided
by the ReKliEs-DE project, funded by the German Ministry of Research and Education (see page 19 for more
information). Climate projections give possible future pathways of climate for the coming decades, based on
scenarios for the development of global population, the economy, and technological development, resulting in
different concentrations of greenhouse gases in the atmosphere. Here, projections are based on three different
Representative Concentration Pathways (RCPs). RCP8.5 represents a worst case scenario, RCP4.5 a medium
mitigation scenario, and RCP2.6 a stringent mitigation scenario. The global climate projections are regionally
refined by regional climate models. All EURO-CORDEX and ReKliEs-DE simulations are stored on a common
grid with a horizontal grid resolution of about 12 x 12 km. The projected changes for the Open-Air Laboratory
Wattental Voegelsberg are calculated as a weighted average of all grid cells that fall within the OAL, in the same
way as was done for the observed data. Projected changes are calculated from a baseline period of 1971 to
2000 for two future time periods 2036 to 2065, and 2070 to 2099.
Mean changes for the period 2070 - 2099 relative to 1971 - 2000
Summer precipitation

Winter precipitation

Annual temperature

Summer precipitation

Winter precipitation

Annual temperature

Summer precipitation

Winter precipitation

RCP2.6

RCP4.5

RCP8.5

Annual temperature
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Projected
climate changes

Representation of the Open-Air Laboratory Wattental Voegelsberg on the rotated grid of the climate projections

All model simulations used in this Climate Fact
Sheet were realized on a common grid defined by
the EURO-CORDEX initiative. To keep the grid
box sizes as equal as possible, the position of the
poles has been rotated in the simulations, so that
the equator crosses the EURO-CORDEX domain.
Consequently, the grid shown in the figure on the
right is rotated compared to the ERA5 and
E-OBS-v19.0 grids. Moreover, the coordinates of
the grid were homogenized among the different
RCMs, but the fixed surface fields such as
land-sea distribution and model orography were
not necessarily homogenized. The figure to the
right shows the region for which the data from the
regional climate projections were extracted for the
Open-Air Laboratory Wattental Voegelsberg. The
respective weight of the grid boxes within the
region are given accordingly. The background
shows the fractional land-sea distribution as it is
used for the simulations done with REMO2009 and
REMO2015.

Symbols of the expert judgement on the robustness of the projections
Increase: The majority of the simulations
project significant increases

Tendency towards an increase: The
majority of the simulations project
non-significant increases

Decrease : The majority of the simulations
project significant decreases

Tendency towards a decrease: The
majority of the simulations project
non-significant decreases

Unclear: The majority of the simulations
project significant changes, but do not
agree on the direction of change

No changes: The majority of the
simulations project non-significant changes,
with no preferred direction of change

Please consider:
Each climate index presented on the following pages is complemented by an expert judgement on the
robustness of the projected changes, which is described in more detail on page 16. The definition of
each climate index is given on page 18. Their graphical representation is explained on page 17. These
information are necessary for the understanding of the figures. All climate indices are displayed with the
identical method. Together with the figures, the projected annual changes for each index for the middle
and the end of the 21st century are provided as short narratives.
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Projected changes in
temperature-based indices

Annual and seasonal temperature

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual increases for RCP8.5 is between
3.4 and 6.3 °C, for RCP4.5 between 1.6 and 3.9 °C, and for RCP2.6 between 0.8 and
2.7 °C.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from 1.7 to 3.5 °C for RCP8.5, from 1.2 to 2.8 °C for RCP4.5, and from 0.8 to 2.4 °C for
RCP2.6.

RCP8.5

For all three RCPs an increase in the annual temperature is projected for the end of the
st
21 century.

Summer days

The bandwidth of projected annual changes for the middle of the 21st century spans
from 0 to 18 days/year for RCP8.5, from 0 to 13 days/year for RCP4.5, and from 0 to
5 days/year for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual increases for RCP8.5 is between 1
and 50 days/year, for RCP4.5 between 0 and 18 days/year, and for RCP2.6 between 0
and 7 days/year.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs an increase in the annual number of summer days is projected for the
st
end of the 21 century.
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Projected changes in
temperature-based indices

Hot days

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual increases for RCP8.5 is between
0.0 and 21.6 days/year, for RCP4.5 between 0.0 and 3.0 days/year, and for RCP2.6
between 0.0 and 1.0 days/year.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from 0.0 to 5.0 days/year for RCP8.5, from 0.0 to 2.5 days/year for RCP4.5, and from 0.0
to 0.5 days/year for RCP2.6.

RCP8.5

For all three RCPs an increase in the annual number of hot days is projected for the end of
st
the 21 century.

Tropical nights

6

The bandwidth of projected annual changes for the middle of the 21st century spans
from 0.0 to 2.0 nights/year for RCP8.5, from 0.0 to 0.12 nights/year for RCP4.5, and from
0.0 to 0.0 nights/year for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual changes for RCP8.5 is between 0.0
and 15.28 nights/year, for RCP4.5 between 0.0 and 0.44 nights/year, and for RCP2.6
between 0.0 and 0.0 nights/year.

RCP8.5

RCP4.5

RCP2.6

For most of the simulations, an increase in the annual number of tropical nights is
st
projected for the end of the 21 century.
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Projected changes in
temperature-based indices

Duration of heat waves

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual increases for RCP8.5 is between
0.01 and 10.05 days, for RCP4.5 between 0.0 and 1.69 days, and for RCP2.6 between 0.0
and 0.5 days.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from 0.0 to 2.76 days for RCP8.5, from 0.0 to 1.44 days for RCP4.5, and from 0.0 to
0.35 days for RCP2.6.

RCP8.5

For all three RCPs an increase in the annual maximum duration of heat waves is projected
st
for the end of the 21 century.

Days warmer than 5 °C

The bandwidth of projected annual changes for the middle of the 21st century spans
from 22 to 60 days/year for RCP8.5, from 13 to 48 days/year for RCP4.5, and from 12 to
42 days/year for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual increases for RCP8.5 is between 47
and 99 days/year, for RCP4.5 between 21 and 64 days/year, and for RCP2.6 between 7
and 41 days/year.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs an increase in the annual number of days > 5 °C is projected for the
st
end of the 21 century.
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Projected changes in
temperature-based indices

Heating degree days

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual changes for RCP8.5 is between
-2149 and -1063 HDD, for RCP4.5 between -1364 and -501 HDD, and for RCP2.6
between -961 and -279 HDD.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -1233 to -552 HDD for RCP8.5, from -993 to -379 HDD for RCP4.5, and from -867 to
-268 HDD for RCP2.6.

RCP8.5

For all three RCPs a decrease in the annual number of heating degree days is projected
st
for the end of the 21 century.

Frost days

8

The bandwidth of projected annual changes for the middle of the 21st century spans
from -61 to -24 days/year for RCP8.5, from -49 to -17 days/year for RCP4.5, and from -44
to -15 days/year for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual changes for RCP8.5 is between
-104 and -51 days/year, for RCP4.5 between -67 and -21 days/year, and for RCP2.6
between -46 and -9 days/year.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs a decrease in the annual number of frost days is projected for the end
st
of the 21 century.
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Projected changes in
temperature-based indices
Spring frost days

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual changes for RCP8.5 is between -38
and -9 days/year, for RCP4.5 between -26 and -5 days/year, and for RCP2.6 between -17
and -4 days/year.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -25 to -5 days/year for RCP8.5, from -19 to -4 days/year for RCP4.5, and from -17 to
-3 days/year for RCP2.6.

RCP8.5

For all three RCPs a decrease in the annual number of spring frost days is projected for
the end of the 21st century.

Projected changes in
precipitation-based indices

Annual and seasonal precipitation

The bandwidth of projected annual changes for the middle of the 21st century spans
from -6.5 to 11.5 % for RCP8.5, from -9.0 to 7.6 % for RCP4.5, and from -9.3 to 9.8 % for
RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual changes for RCP8.5 is between
-17.1 and 19.1 %, for RCP4.5 between -5.0 and 13.4 %, and for RCP2.6 between -13.2
and 9.1 %.

RCP8.5

RCP4.5

RCP2.6

For most of the simulations, an increase in the annual precipitation is projected for the end
st
of the 21 century.
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Projected changes in
precipitation-based indices

Days with precipitation > 20 mm/day

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual increases for RCP8.5 is between
-3.2 and 9.1 days/year, for RCP4.5 between -0.1 and 6.3 days/year, and for RCP2.6
between -3.5 and 3.5 days/year.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -0.9 to 5.7 days/year for RCP8.5, from -1.5 to 5.5 days/year for RCP4.5, and from
-4.2 to 4.2 days/year for RCP2.6.

RCP8.5

For all three RCPs an increase in the annual number of days with precipitation exceeding
st
20 mm is projected for the end of the 21 century.

Dry days (precipitation < 1 mm/day)

10

The bandwidth of projected annual changes for the middle of the 21st century spans
from -9 to 21 days/year for RCP8.5, from -9 to 21 days/year for RCP4.5, and from -6 to
23 days/year for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual changes for RCP8.5 is between -15
and 40 days/year, for RCP4.5 between -12 and 14 days/year, and for RCP2.6 between -9
and 27 days/year.

RCP8.5

RCP4.5

RCP2.6

For most of the simulations, an increase in the annual number of dry days is projected for
st
the end of the 21 century.
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Projected changes in
precipitation-based indices
Wet days (precipitation ≥ 1 mm/day)

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual changes for RCP8.5 is between -40
and 15 days/year, for RCP4.5 between -15 and 12 days/year, and for RCP2.6 between
-27 and 9 days/year.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -21 to 9 days/year for RCP8.5, from -21 to 9 days/year for RCP4.5, and from -23 to
6 days/year for RCP2.6.

RCP8.5

For most of the simulations, a decrease in the annual number of wet days is projected for
st
the end of the 21 century.

95th percentile of precipitation on wet days

The bandwidth of projected annual changes for the middle of the 21st century spans
from 0.0 to 4.7 mm/day for RCP8.5, from -0.6 to 2.8 mm/day for RCP4.5, and from -1.8 to
4.3 mm/day for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual increases for RCP8.5 is between
2.0 and 7.9 mm/day, for RCP4.5 between 0.6 and 4.9 mm/day, and for RCP2.6 between
-1.7 and 4.7 mm/day.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs an increase in the annual 95th percentile of precipitation on wet days is
st
projected for the end of the 21 century.
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Projected changes in
precipitation-based indices
99th percentile of precipitation on wet days

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual changes for RCP8.5 is between
-6.1 and 19.4 mm/day, for RCP4.5 between -1.1 and 8.5 mm/day, and for RCP2.6
between -4.9 and 7.0 mm/day.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -1.2 to 12.3 mm/day for RCP8.5, from -2.1 to 5.9 mm/day for RCP4.5, and from -6.4
to 7.8 mm/day for RCP2.6.

RCP8.5

For most of the simulations, an increase in the annual 99th percentile of precipitation on
wet days is projected for the end of the 21st century.

Projected changes in
other indices
Wind speed

12

The bandwidth of projected annual changes for the middle of the 21st century spans
from -0.19 to 0.03 m/s for RCP8.5, from -0.1 to 0.03 m/s for RCP4.5, and from -0.19 to
0.1 m/s for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual changes for RCP8.5 is between
-0.31 and 0.07 m/s, for RCP4.5 between -0.15 and 0.04 m/s, and for RCP2.6 between
-0.17 and 0.04 m/s.

RCP8.5

RCP4.5

RCP2.6

For most of the simulations, a decrease in the annual wind speed is projected for the end
of the 21st century.
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Projected changes in
other indices

Climatic water balance (precipitation minus evaporation)

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual changes for RCP8.5 is between
-0.76 and 0.82 mm/day, for RCP4.5 between -0.34 and 0.82 mm/day, and for RCP2.6
between -0.7 and 0.3 mm/day.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -0.44 to 0.6 mm/day for RCP8.5, from -0.55 to 0.33 mm/day for RCP4.5, and from
-0.58 to 0.5 mm/day for RCP2.6.

RCP8.5

For the three different RCPs no clear change in the annual climatic water balance is
st
projected for the end of the 21 century.

Sultriness

The bandwidth of projected annual changes for the middle of the 21st century spans
from 0.0 to 2.9 sultriness days for RCP8.5, from 0.0 to 0.02 sultriness days for RCP4.5,
and from 0.0 to 0.02 sultriness days for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual increases for RCP8.5 is between
0.0 and 7.64 sultriness days, for RCP4.5 between 0.0 and 0.01 sultriness days, and for
RCP2.6 between 0.0 and 0.23 sultriness days.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs an increase in the annual number of sultriness days is projected for the
st
end of the 21 century.
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RCP2.6

RCP4.5

RCP8.5

Overview
temperature-based indices

14

projected

minimum to maximum

minimum to maximum

climate changes

2036-2065

2071-2100

temperature [°C]

1.66 to 3.53

3.43 to 6.33

number of summer days [days/year]

0.09 to 18.01

0.78 to 50.33

number of hot days [days/year]

0.00 to 4.97

0.01 to 21.58

number of tropical nights [nights/year]

0.00 to 2.00

0.00 to 15.28

maximum duration of heat waves [days]

0.00 to 2.76

0.01 to 10.05

number of days > 5 °C [days/year]

22.22 to 59.92

47.35 to 99.34

number of heating degree days [HDD]

-1233.47 to -551.93

-2148.58 to -1063.06

number of frost days [days/year]

-60.76 to -23.87

-104.24 to -51.04

number of spring frost days [days/year]

-25.18 to -5.39

-38.42 to -8.57

temperature [°C]

1.21 to 2.83

1.56 to 3.87

number of summer days [days/year]

0.07 to 13.22

0.15 to 17.51

number of hot days [days/year]

0.00 to 2.50

-0.00 to 3.01

number of tropical nights [nights/year]

0.00 to 0.12

0.00 to 0.44

maximum duration of heat waves [days]

0.00 to 1.44

-0.00 to 1.69

number of days > 5 °C [days/year]

12.65 to 47.51

21.07 to 64.19

number of heating degree days [HDD]

-993.39 to -379.12

-1364.20 to -500.82

number of frost days [days/year]

-48.88 to -17.30

-66.99 to -21.22

number of spring frost days [days/year]

-18.55 to -3.78

-26.35 to -4.99

temperature [°C]

0.78 to 2.44

0.77 to 2.71

number of summer days [days/year]

0.04 to 5.07

0.03 to 7.50

number of hot days [days/year]

-0.01 to 0.55

-0.01 to 1.04

number of tropical nights [nights/year]

0.00 to 0.00

0.00 to 0.00

maximum duration of heat waves [days]

-0.00 to 0.35

-0.00 to 0.50

number of days > 5 °C [days/year]

11.75 to 42.26

7.21 to 41.33

number of heating degree days [HDD]

-867.08 to -267.73

-961.16 to -278.61

number of frost days [days/year]

-43.52 to -14.61

-45.93 to -9.07

number of spring frost days [days/year]

-16.73 to -3.24

-17.02 to -3.56
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RCP2.6

RCP4.5

RCP8.5

Overview
precipitation-based indices

projected

minimum to maximum

minimum to maximum

climate changes

2036-2065

2071-2100

precipitation [%]

-6.52 to 11.46

-17.10 to 19.09

number of days with precipitation > 20 mm [days/year]

-0.86 to 5.66

-3.22 to 9.10

number of dry days [days/year]

-9.12 to 20.93

-14.90 to 39.51

number of wet days [days/year]

-20.93 to 9.12

-39.51 to 14.87

p95th [mm/day]

-0.01 to 4.68

2.03 to 7.85

p99th [mm/day]

-1.17 to 12.30

-6.11 to 19.36

precipitation [%]

-9.02 to 7.57

-4.96 to 13.45

number of days with precipitation > 20 mm [days/year]

-1.53 to 5.46

-0.08 to 6.28

number of dry days [days/year]

-8.69 to 21.13

-12.01 to 14.08

number of wet days [days/year]

-21.13 to 8.69

-15.08 to 11.97

p95th [mm/day]

-0.64 to 2.76

0.57 to 4.91

p99th [mm/day]

-2.12 to 5.87

-1.13 to 8.51

precipitation [%]

-9.31 to 9.77

-13.24 to 9.06

number of days with precipitation > 20 mm [days/year]

-4.21 to 4.21

-3.55 to 3.45

number of dry days [days/year]

-6.50 to 23.48

-9.32 to 27.16

number of wet days [days/year]

-23.48 to 6.50

-27.20 to 9.28

p95th [mm/day]

-1.78 to 4.32

-1.72 to 4.71

p99th [mm/day]

-6.39 to 7.83

-4.86 to 6.96
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RCP2.6

RCP4.5

RCP8.5

Overview
other indices

projected

minimum to maximum

minimum to maximum

climate changes

2036-2065

2071-2100

wind speed [m/s]

-0.19 to 0.03

-0.31 to 0.07

climatic water balance [mm/day]

-0.44 to 0.60

-0.76 to 0.82

number of sultriness days [days/year]

0.00 to 2.90

0.00 to 7.64

wind speed [m/s]

-0.10 to 0.03

-0.15 to 0.04

climatic water balance [mm/day]

-0.55 to 0.33

-0.34 to 0.82

number of sultriness days [days/year]

0.00 to 0.02

0.00 to 0.01

wind speed [m/s]

-0.19 to 0.10

-0.17 to 0.04

climatic water balance [mm/day]

-0.58 to 0.50

-0.70 to 0.30

number of sultriness days [days/year]

0.00 to 0.02

0.00 to 0.23

Expert judgement on the robustness of the projections
To judge on the robustness of the projected changes, the agreement of the projections on the sign of the
st
projected changes for the end of the 21 century, as well as the statistical significance of the changes
projected by each single simulation is taken into account. Statistical significance is calculated using the
Mann-Whitney test (respectively U-test), which is applied for each model simulation individually. The
Null-Hypothesis is formulated to test the distribution of the annual values of the respective index in future
climate against their distribution in today's (reference) climate, assuming a confidence level of 0.9.

Increase is assigned in case that the majority of the simulations (>66%) project future increases of the
climate index, with a majority projecting significant increases.
Decrease is assigned in case that the majority of the simulations (>66%) project future decreases of
the climate index, with a majority projecting significant decreases.
Tendency towards an increase is assigned in case that the majority of the simulations (>66%) project
future increases of the climate index, with no majority projecting significant increases.
Tendency towards a decrease is assigned in case that the majority of the simulations (>66%) project
future decreases of the climate index, with no majority projecting significant decreases.
Unclear: The majority of the simulations project significant changes (increases or decreases), but there
is no agreement on a specific direction of the change.
No Changes: The majority of the simulations project only non-significant changes and there is no
majority (>66%) agreeing on a specific direction of the change.
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Reading the climate change figures
2

3
1
4

5

2
Time series diagram

Boxplot diagram

1

Scale and units of the projected changes for the respective index.

2

Time scale: years for the time series diagram and 30-year periods for the boxplot diagrams.

3

Legend for the time series and boxplot diagrams. Colors are indicating the underlying
emission scenarios, where RCP denotes Representative Concentration Pathways.
RCP8.5: Pathway for a "worst case" scenario with high greenhouse gas emissions. RCP4.5:
"medium mitigation" scenario, with medium amount of greenhouse gas emissions. RCP2.6:
"stringent mitigation" scenario, with smaller or even negative greenhouse gas emissions. The
numbers in brackets indicate the number of simulations entering the analysis for the
respective index and scenario. As some variables are not provided for all model simulations,
the numbers slightly differ for some of the indices from the total number of simulations
available.

4

The time series diagram shows the projected 30-year running mean changes in the
respective index with respect to the climate reference period of 1971 to 2000. The values are
th
centered around the 15 year of each 30-year period, i.e. each value represents the mean
value of the 30 years around this year. Each line belongs to a specific model simulation. The
color-coding corresponds to the three different emission scenarios (as indicated in the
legend). In addition, the shaded color background for each RCP encloses the minimum and
maximum projected changes.

5

In the boxplot diagram the range of the projected changes is shown for two specific time
st
periods relative to the climate reference period of 1971 to 2000: The middle of the 21
st
century is represented by the years 2036 to 2065, the end of the 21 century by the period
from 2070 to 2099. The bars show some characteristics of the ensemble of projections.
Maximum
80%
Median
20%
Minimum

The total range of projections is found between the minimum and
maximum value indicated in the bars. The median denotes the
simulation of which the value of projected change is located in the
center of the entire bandwith of the ensemble. In addition, those values
are marked where 20% of the ensemble project changes below or
above this value.

Red color stands for the worst case scenario (RCP8.5), RCP4.5 is given in blue and RCP2.6
in gray colors.
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Definition of the climate indices
Parameter

18

Definition

Temperature

Defined as the temperature in 2 m height above surface. The seasonal
temperatures are based on the meteorological calendar, i.e. spring covers March,
April and May, summer is calculated as mean of the months June, July, August,
autumn temperature is calculated from September, October, and November values,
and winter from December, January, and February.

Summer days

Number of days per year with daily maximum temperatures of at least 25 °C

Hot days

Number of days per year with daily maximum temperatures of at least 30 °C

Tropical nights

Number of days per year with daily minimum temperatures of at least 20 °C

Duration of heat
waves

Maximum annual duration [in days] of consecutive days with daily maximum
temperatures of at least 30 °C

Days > 5 °C

Number of days per year with a daily average temperature above 5 °C

Heating degree
days

The total amount of heating degree days per year can be used as measure for the
need of heating per year. Heating degree days are defined using a temperature
threshold (here 15 °C), below which heating is needed. It is calculated by summing
up the daily differences of temperature and the threshold when temperatures are
below the threshold. It is given in units of HDD.

Frost days

Number of days per year with daily minimum temperatures below 0 °C

Spring frost
days

Number of days between 1st of April and 31st of May with a daily minimum
temperature below 0 °C

Annual and
seasonal
precipitation

The sum of annual and seasonal precipitation is calculated from daily precipitation
sums. It contains liquid as well as solid precipitation (rain and snow). The seasonal
precipitation sums are based on the meteorological calendar, i.e. spring
precipitation covers March, April and May, summer precipitation sums up months
June, July, August, autumn precipitation is calculated from September, October,
and November values, and winter precipitation sums up the months December,
January, and February.

Precipitation >
20 mm/day

Number of days per year with daily precipitation (rain and snow) higher than 20 mm

Dry days

Number of days per year with daily precipitation (rain and snow) lower than 1 mm

Wet days

Number of days per year with daily precipitation (rain and snow) of at least 1 mm

95th percentile
of precipitation

Value of total daily precipitation that is exceeded on five percent of all wet days per
year

99th percentile
of precipitation

Value of total daily precipitation that is exceeded on one percent of all wet days per
year

Wind speed

Mean annual wind speed in m/s

Climatic water
balance

Difference between annual precipitation and annual evaporation in mm/day

Sultriness days

Number of days per year with daily values of vapor pressure greater than 18.8 hPa.
The vapor pressure is calculated based on daily values of the near-surface air
temperature and the relative humidity using the Magnus Formula.
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Background information
Data sources for the information on observed climate
E-OBS
gridded
observational
dataset
(V19.0e,
temporal/spatial
resolution:
daily/0.1°,
http://surfobs.climate.copernicus.eu/dataaccess/access_eobs.php), as well as C3S, Copernicus Climate Change Service (2017): ERA5: Fifth
generation of ECMWF atmospheric reanalyses of the global climate. Copernicus Climate Change Service Climate Data Store (CDS).
Access: https://cds.climate.copernicus.eu/.

Data sources for the climate projections
The projected climate changes presented in this Climate Fact Sheet are based on regional climate projections, which are presented in the
framework of the EURO-COREX initiative (http://www.euro-cordex.net) as well as on regional climate projections provided by the
ReKliEs-DE project, funded by the German Ministry of Research and Education (http://reklies.hlnug.de). The climate projections in this Fact
Sheet are based on the Representative Concentration Pathways (RCPs), of which the RCP8.5 represents a worst case scenario, RCP4.5 a
medium mitigation scenario, and RCP2.6 a stringent mitigation scenario. 51 climate projections were obtained in August 2018 from the
ESGF data portal via the data node at the German Climate Computing Centre (https://esgf-data.dkrz.de). Of these, 16 simulations for the
stringent mitigation scenario (RCP2.6), 13 simulations for the medium mitigation scenario (RCP4.5) and 22 simulations for the worst case
emission scenario (RCP8.5) are available. The table below provides an overview of the regional climate models and their respective global
forcing data. The EURO-CORDEX simulations are available on a grid with a spatial horizontal resolution of 12 km x 12 km. The climate
change signals for the different variables presented in this Climate Fact Sheet are calculated as the weighted mean value for all grid cells
located in this region.
worst case scenario (RCP8.5)

medium mitigation scenario (RCP4.5)

driving GCM
and realization

RCM,
version
number

driving GCM
and realization

RCM,
number

CanESM2, r1i1p1

CCLM4-8-17, v1

EC-EARTH, r12i1p1

CanESM2, r1i1p1

REMO2015, v1

EC-EARTH, r12i1p1

EC-EARTH, r12i1p1

CCLM4-8-17, v1

EC-EARTH, r12i1p1

REMO2015, v1

EC-EARTH, r12i1p1

version

stringent mitigation scenario (RCP2.6)
driving GCM
and realization

RCM,
number

version

CCLM4-8-17, v1

EC-EARTH, r12i1p1

CCLM4-8-17, v1

RCA4, v1

EC-EARTH, r12i1p1

RCA4, v1

EC-EARTH, r12i1p1

RACMO22E, v1

EC-EARTH, r12i1p1

REMO2015, v1

EC-EARTH, r1i1p1

RACMO22E, v1

EC-EARTH, r12i1p1

RACMO22E, v1

RACMO22E, v1

EC-EARTH, r3i1p1

HIRHAM5, v2

EC-EARTH, r3i1p1

HIRHAM5, v2

EC-EARTH, r12i1p1

RCA4, v1

HadGEM2, r1i1p1

CCLM4-8-17, v1

GFDL-ESM2G, r1i1p1

REMO2015, v1

EC-EARTH, r1i1p1

RACMO22E, v1

HadGEM2, r1i1p1

RACMO22E, v2

HadGEM2, r1i1p1

RACMO22E, v2

EC-EARTH, r1i1p1

WRF361H, v1

HadGEM2, r1i1p1

RCA4, v1

HadGEM2, r1i1p1

REMO2015, v1

EC-EARTH, r3i1p1

HIRHAM5, v2

IPSL-CM5A-MR, r1i1p1 RCA4, v1

HadGEM2, r1i1p1

RCA4, v1

HadGEM2, r1i1p1

CCLM4-8-17, v1

MPI-ESM-LR, r1i1p1

CCLM4-8-17, v1

IPSL-CM5A-LR, r1i1p1 REMO2015, v1

HadGEM2, r1i1p1

RACMO22E, v2

MPI-ESM-LR, r1i1p1

REMO2009, v1

MIROC5, r1i1p1

REMO2015, v1

HadGEM2, r1i1p1

RCA4, v1

MPI-ESM-LR, r1i1p1

RCA4, v1a

MPI-ESM-LR, r1i1p1

REMO2009, v1

HadGEM2, r1i1p1

REMO2015, v1

MPI-ESM-LR, r2i1p1

REMO2009, v1

MPI-ESM-LR, r1i1p1

CCLM4-8-17, v1

HadGEM2, r1i1p1

WRF361H, v1

MPI-ESM-LR, r1i1p1

RCA4, v1a

IPSL-CM5A-MR, r1i1p1 RCA4, v1

MPI-ESM-LR, r1i1p1

WRF361H, v1

MPI-ESM-LR, r1i1p1

CCLM4-8-17, v1

MPI-ESM-LR, r2i1p1

REMO2009, v1

MPI-ESM-LR, r1i1p1

REMO2009, v1

MPI-ESM-LR, r1i1p1

RCA4, v1a

MPI-ESM-LR, r1i1p1

WRF361H, v1

MPI-ESM-LR, r2i1p1

REMO2009, v1

MIROC5, r1i1p1

CCLM4-8-17, v1

MIROC5, r1i1p1

REMO2015, v1

Disclaimer: This Climate Fact Sheet was developed in the frame of the project OPERANDUM (OPEn-air laboRAtories for Nature baseD
solUtions to Manage hydro-meteo risks) . This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 776848. The content provided in this Fact Sheet and the underlying data correspond to
the current state of knowledge. All data have been carefully prepared and checked by the Climate Service Center Germany (GERICS).
However, GERICS has only carried out part of the regional climate projections itself. All climate projections not carried out by GERICS were
obtained from the publicly accessible ESGF data archive. GERICS does not take over guarantee for the topicality, correctness,
completeness or quality of the provided information. GERICS also assumes no liability for decisions and their consequences, which are
based on the use of this Climate Fact Sheet.

This project has received funding from the European Union's Horizon 2020
research and innovation programme under grant agreement No 776848
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At a glance
The Climate Fact Sheet provides brief and concise information on possible future climate developments for the
Open-Air Laboratory Finland in the 21st century. They are based on the results of 51 regional climate model
simulations, which are based on the Representative Concentration Pathways (RCPs). RCP8.5 represents a
worst case scenario, RCP4.5 a medium mitigation scenario, and RCP2.6 a stringent mitigation scenario. 18
different indices for climate change are presented, which are relevant for various societal sectors. They are
supplemented by an expert judgement of the reliability of the shown changes. The relationship to the climate of
the near past is illustrated by some of the key figures calculated from observation data for the Open-Air
Laboratory Finland. At the end of the 21st century, the annual mean near-surface temperature is projected to
increase between 0.4 °C and 4.4 °C in RCP2.6, between 1.0 °C and 4.3 °C in RCP4.5, and between 1.7 °C and
9.0 °C in RCP8.5; these increases are robust for all scenarios. For the annual precipitation at the end of the 21st
century the projections show changes between -9.5 % and 14.4 % for RCP2.6, between 0.3 % and 17.8 % for
RCP4.5, and between -4.4 % and 38.7 % for RCP8.5. For annual precipitation, the projected changes under
RCP8.5 and RCP4.5 for the end of the 21st century are robust.
Projected Climate Changes for the end of the 21st century
Parameter

Worst case scenario

Medium mitigation scenario

Stringent mitigation scenario

Details

temperature

increase

increase

increase

pp. 5, 14

summer days

increase

increase

increase

pp. 5, 14

hot days

increase

tendency towards increase

tendency towards increase

pp. 6, 14

tropical nights

increase

tendency towards increase

tendency towards increase

pp. 6, 14

duration of heat waves

increase

tendency towards increase

tendency towards increase

pp. 7, 14

days > 5 °C

increase

increase

increase

pp. 7, 14

heating degree days

decrease

decrease

decrease

pp. 8, 14

frost days

decrease

decrease

decrease

pp. 8, 14

spring frost days

decrease

decrease

decrease

pp. 9, 14

precipitation

increase

increase

no changes

pp. 9, 14

precipitation > 20 mm

increase

tendency towards increase

tendency towards increase

pp. 10, 15

dry days

no changes

tendency towards decrease

no changes

pp. 10, 15

wet days

no changes

tendency towards increase

no changes

pp. 11, 15

p95th

increase

increase

increase

pp. 11, 15

p99th

increase

increase

tendency towards increase

pp. 12, 15

wind speed

unclear

no changes

no changes

pp. 12, 16

water balance

increase

tendency towards increase

no changes

pp. 13, 16

sultriness

increase

increase

increase

pp. 13, 16
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Today's climate and observed
changes
Climate indices for today's climate for the region Open-Air Laboratory Finland
The Open-Air Laboratory Finland consists of the catchment area of Lake Puruvesi in eastern Finland. It has a
cold temperate or subarctic climate, with snowy winters and short, rainy and cold summers. For the region of the
Open-Air Laboratory Finland, data has been extracted from the longterm daily gridded observational data
E-OBS (V19.0e). Together with the ERA5 reanalysis data, these are used as present day climate reference. The
figures below show the representation of the Open-Air Laboratory Finland (red line) for the E-OBS V19.0e grid
on the left and the ERA5 grid on the right. The numbers in blue give the share of the gridboxes contributing to
the regional mean values. For the region indicated in the two figures, climate indices for the period of 1971 to
2000 (E-OBS) and 1989 to 2018 (ERA5) are derived from the respective dataset.

E-OBS ( 1971-2000 )

ERA5 ( 1989-2018 )

summer days [days/year]

11

9

hot days [days/year]

0

0

tropical nights [days/year]

0

1

days > 5 °C [days/year]

162

169

frost days [days/year]

173

160

spring frost days [days/year]

26

20

precipitation [mm/day]

1.6

2.0

precipitation > 20 mm [days/year]

2

1

dry days [days/year]

234

215

wet days [days/year]

131

149

Observed changes in the past and recent climate for Open-Air Laboratory Finland
For the period of 1950 to 2010, an increase of the annual mean temperature of about 0.02 °C/year can be
derived from E-OBS (V19.0e). For the more recent period of 1980 to 2010, the increase is about 0.05 °C/year.
The lowest annual mean temperature recorded since 1950 in the series of measurements for E-OBS (V19.0e)
was in the year 1987 with 0.9 °C, the highest value in the year 1989 with 5.5 °C.
For the annual mean precipitation, the measurements do not show any clear trends during the course of the 21st
century. The lowest annual precipitation values since 1950 in E-OBS (V19.0e) were recorded in the year 1964
with 394 mm, the highest values in 1962 with 773 mm.
Data source for the information on observed climate: E-OBS gridded observational dataset (V19.0e, temporal/spatial resolution:
daily/0.1°, http://surfobs.climate.copernicus.eu/dataaccess/access_eobs.php), as well as C3S, Copernicus Climate Change Service
(2017): ERA5: Fifth generation of ECMWF atmospheric reanalyses of the global climate. Copernicus Climate Change Service Climate
Data Store (CDS). Access: https://cds.climate.copernicus.eu/. Daily values of mean, minimum and maximum temperature as well as daily
mean precipitation were selected.
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Projected
climate changes
The projected changes shown in this Climate Fact Sheet are based on an ensemble of climate projections which
were created in the context of the EURO-CORDEX initiative as well as on regional climate projections provided
by the ReKliEs-DE project, funded by the German Ministry of Research and Education (see page 19 for more
information). Climate projections give possible future pathways of climate for the coming decades, based on
scenarios for the development of global population, the economy, and technological development, resulting in
different concentrations of greenhouse gases in the atmosphere. Here, projections are based on three different
Representative Concentration Pathways (RCPs). RCP8.5 represents a worst case scenario, RCP4.5 a medium
mitigation scenario, and RCP2.6 a stringent mitigation scenario. The global climate projections are regionally
refined by regional climate models. All EURO-CORDEX and ReKliEs-DE simulations are stored on a common
grid with a horizontal grid resolution of about 12 x 12 km. The projected changes for the Open-Air Laboratory
Finland are calculated as a weighted average of all grid cells that fall within the OAL, in the same way as was
done for the observed data. Projected changes are calculated from a baseline period of 1971 to 2000 for two
future time periods 2036 to 2065, and 2070 to 2099.
Mean changes for the period 2070 - 2099 relative to 1971 - 2000
Summer precipitation

Winter precipitation

Annual temperature

Summer precipitation

Winter precipitation

Annual temperature

Summer precipitation

Winter precipitation

RCP2.6

RCP4.5

RCP8.5

Annual temperature
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Projected
climate changes

Representation of the Open-Air Laboratory Finland on the rotated grid of the climate projections

All model simulations used in this Climate Fact
Sheet were realized on a common grid defined by
the EURO-CORDEX initiative. To keep the grid
box sizes as equal as possible, the position of the
poles has been rotated in the simulations, so that
the equator crosses the EURO-CORDEX domain.
Consequently, the grid shown in the figure on the
right is rotated compared to the ERA5 and
E-OBS-v19.0 grids. Moreover, the coordinates of
the grid were homogenized among the different
RCMs, but the fixed surface fields such as
land-sea distribution and model orography were
not necessarily homogenized. The figure to the
right shows the region for which the data from the
regional climate projections were extracted for the
Open-Air Laboratory Finland. The respective
weight of the grid boxes within the region are given
accordingly. The background shows the fractional
land-sea distribution as it is used for the
simulations
done
with
REMO2009
and
REMO2015.

Symbols of the expert judgement on the robustness of the projections
Increase: The majority of the simulations
project significant increases

Tendency towards an increase: The
majority of the simulations project
non-significant increases

Decrease : The majority of the simulations
project significant decreases

Tendency towards a decrease: The
majority of the simulations project
non-significant decreases

Unclear: The majority of the simulations
project significant changes, but do not
agree on the direction of change

No changes: The majority of the
simulations project non-significant changes,
with no preferred direction of change

Please consider:
Each climate index presented on the following pages is complemented by an expert judgement on the
robustness of the projected changes, which is described in more detail on page 16. The definition of
each climate index is given on page 18. Their graphical representation is explained on page 17. These
information are necessary for the understanding of the figures. All climate indices are displayed with the
identical method. Together with the figures, the projected annual changes for each index for the middle
and the end of the 21st century are provided as short narratives.

4

Climate Fact Sheet
OAL-Finland

OPEn-air laboRAtories for Nature baseD solUtions to Manage hydro-meteo risks

Projected changes in
temperature-based indices

Annual and seasonal temperature

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual increases for RCP8.5 is between
1.7 and 9.0 °C, for RCP4.5 between 1.0 and 4.3 °C, and for RCP2.6 between 0.4 and
4.4 °C.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from 1.0 to 5.3 °C for RCP8.5, from 0.7 to 3.4 °C for RCP4.5, and from 0.5 to 4.0 °C for
RCP2.6.

RCP8.5

For all three RCPs an increase in the annual temperature is projected for the end of the
st
21 century.

Summer days

The bandwidth of projected annual changes for the middle of the 21st century spans
from 0 to 21 days/year for RCP8.5, from 0 to 8 days/year for RCP4.5, and from 0 to
5 days/year for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual increases for RCP8.5 is between 0
and 36 days/year, for RCP4.5 between 0 and 10 days/year, and for RCP2.6 between 0
and 6 days/year.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs an increase in the annual number of summer days is projected for the
st
end of the 21 century.
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Projected changes in
temperature-based indices

Hot days

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual increases for RCP8.5 is between
0.0 and 12.2 days/year, for RCP4.5 between 0.0 and 2.2 days/year, and for RCP2.6
between 0.0 and 0.4 days/year.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from 0.0 to 5.5 days/year for RCP8.5, from 0.0 to 1.6 days/year for RCP4.5, and from 0.0
to 0.7 days/year for RCP2.6.

RCP8.5

For all three RCPs an increase in the annual number of hot days is projected for the end of
st
the 21 century.

Tropical nights

6

The bandwidth of projected annual changes for the middle of the 21st century spans
from 0.0 to 10.17 nights/year for RCP8.5, from 0.0 to 2.03 nights/year for RCP4.5, and
from 0.0 to 1.22 nights/year for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual increases for RCP8.5 is between
0.0 and 23.4 nights/year, for RCP4.5 between 0.0 and 3.81 nights/year, and for RCP2.6
between -0.03 and 0.58 nights/year.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs an increase in the annual number of tropical nights is projected for the
st
end of the 21 century.
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Projected changes in
temperature-based indices

Duration of heat waves

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual increases for RCP8.5 is between
0.0 and 5.17 days, for RCP4.5 between 0.0 and 1.01 days, and for RCP2.6 between -0.02
and 0.27 days.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -0.01 to 2.74 days for RCP8.5, from -0.02 to 0.97 days for RCP4.5, and from -0.03 to
0.51 days for RCP2.6.

RCP8.5

For all three RCPs an increase in the annual maximum duration of heat waves is projected
st
for the end of the 21 century.

Days warmer than 5 °C

The bandwidth of projected annual changes for the middle of the 21st century spans
from 19 to 48 days/year for RCP8.5, from 10 to 35 days/year for RCP4.5, and from 9 to
41 days/year for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual increases for RCP8.5 is between 28
and 90 days/year, for RCP4.5 between 13 and 46 days/year, and for RCP2.6 between 8
and 43 days/year.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs an increase in the annual number of days > 5 °C is projected for the
st
end of the 21 century.
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Projected changes in
temperature-based indices

Heating degree days

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual changes for RCP8.5 is between
-2866 and -612 HDD, for RCP4.5 between -1355 and -368 HDD, and for RCP2.6 between
-1448 and -160 HDD.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -1757 to -373 HDD for RCP8.5, from -1119 to -273 HDD for RCP4.5, and from -1326
to -201 HDD for RCP2.6.

RCP8.5

For all three RCPs a decrease in the annual number of heating degree days is projected
st
for the end of the 21 century.

Frost days

8

The bandwidth of projected annual changes for the middle of the 21st century spans
from -71 to -31 days/year for RCP8.5, from -46 to -16 days/year for RCP4.5, and from -46
to -13 days/year for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual changes for RCP8.5 is between
-111 and -48 days/year, for RCP4.5 between -61 and -23 days/year, and for RCP2.6
between -53 and -7 days/year.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs a decrease in the annual number of frost days is projected for the end
st
of the 21 century.
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Projected changes in
temperature-based indices
Spring frost days

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual changes for RCP8.5 is between -35
and -12 days/year, for RCP4.5 between -26 and -9 days/year, and for RCP2.6 between
-17 and -3 days/year.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -22 to -8 days/year for RCP8.5, from -20 to -5 days/year for RCP4.5, and from -15 to
-4 days/year for RCP2.6.

RCP8.5

For all three RCPs a decrease in the annual number of spring frost days is projected for
the end of the 21st century.

Projected changes in
precipitation-based indices

Annual and seasonal precipitation

The bandwidth of projected annual changes for the middle of the 21st century spans
from -1.9 to 27.7 % for RCP8.5, from -0.4 to 16.6 % for RCP4.5, and from -5.6 to 16.6 %
for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual changes for RCP8.5 is between
-4.4 and 38.7 %, for RCP4.5 between 0.3 and 17.8 %, and for RCP2.6 between -9.5 and
14.4 %.

RCP8.5

RCP4.5

RCP2.6

For most of the simulations, an increase in the annual precipitation is projected for the end
st
of the 21 century.
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Projected changes in
precipitation-based indices

Days with precipitation > 20 mm/day

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual increases for RCP8.5 is between
0.2 and 5.5 days/year, for RCP4.5 between 0.1 and 1.9 days/year, and for RCP2.6
between -0.1 and 2.2 days/year.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -0.3 to 3.9 days/year for RCP8.5, from -0.3 to 1.5 days/year for RCP4.5, and from
-0.3 to 2.2 days/year for RCP2.6.

RCP8.5

For all three RCPs an increase in the annual number of days with precipitation exceeding
st
20 mm is projected for the end of the 21 century.

Dry days (precipitation < 1 mm/day)

10

The bandwidth of projected annual changes for the middle of the 21st century spans
from -15 to 15 days/year for RCP8.5, from -6 to 8 days/year for RCP4.5, and from -11 to
18 days/year for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual changes for RCP8.5 is between -20
and 30 days/year, for RCP4.5 between -7 and 9 days/year, and for RCP2.6 between -15
and 31 days/year.

RCP8.5

RCP4.5

RCP2.6

For the three different RCPs no clear change in the annual number of dry days is
st
projected for the end of the 21 century.
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Projected changes in
precipitation-based indices
Wet days (precipitation ≥ 1 mm/day)

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual changes for RCP8.5 is between -30
and 20 days/year, for RCP4.5 between -9 and 6 days/year, and for RCP2.6 between -31
and 15 days/year.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -15 to 15 days/year for RCP8.5, from -8 to 6 days/year for RCP4.5, and from -18 to
11 days/year for RCP2.6.

RCP8.5

For the three different RCPs no clear change in the annual number of wet days is
st
projected for the end of the 21 century.

95th percentile of precipitation on wet days

The bandwidth of projected annual changes for the middle of the 21st century spans
from 0.3 to 3.5 mm/day for RCP8.5, from 0.4 to 2.0 mm/day for RCP4.5, and from -0.2 to
2.1 mm/day for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual increases for RCP8.5 is between
1.1 and 5.4 mm/day, for RCP4.5 between 0.2 and 2.3 mm/day, and for RCP2.6 between
0.0 and 2.5 mm/day.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs an increase in the annual 95th percentile of precipitation on wet days is
st
projected for the end of the 21 century.
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Projected changes in
precipitation-based indices
99th percentile of precipitation on wet days

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual increases for RCP8.5 is between
1.4 and 12.6 mm/day, for RCP4.5 between -0.5 and 4.2 mm/day, and for RCP2.6 between
-1.2 and 5.9 mm/day.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from 0.2 to 7.3 mm/day for RCP8.5, from -0.2 to 5.1 mm/day for RCP4.5, and from -0.6 to
6.2 mm/day for RCP2.6.

RCP8.5

For all three RCPs an increase in the annual 99th percentile of precipitation on wet days is
projected for the end of the 21st century.

Projected changes in
other indices
Wind speed

12

The bandwidth of projected annual changes for the middle of the 21st century spans
from -0.3 to 0.29 m/s for RCP8.5, from -0.28 to 0.08 m/s for RCP4.5, and from -0.18 to
0.25 m/s for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual changes for RCP8.5 is between
-0.38 and 0.4 m/s, for RCP4.5 between -0.28 and 0.07 m/s, and for RCP2.6 between -0.17
and 0.23 m/s.

RCP8.5

RCP4.5

RCP2.6

For the three different RCPs no clear change in the annual wind speed is projected for the
end of the 21st century.
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Projected changes in
other indices

Climatic water balance (precipitation minus evaporation)

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual changes for RCP8.5 is between
-0.26 and 0.62 mm/day, for RCP4.5 between -0.04 and 0.33 mm/day, and for RCP2.6
between -0.18 and 0.18 mm/day.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -0.17 to 0.3 mm/day for RCP8.5, from -0.11 to 0.3 mm/day for RCP4.5, and from
-0.15 to 0.25 mm/day for RCP2.6.

RCP8.5

For most of the simulations, an increase in the annual climatic water balance is projected
st
for the end of the 21 century.

Sultriness

The bandwidth of projected annual changes for the middle of the 21st century spans
from 0.0 to 14.65 sultriness days for RCP8.5, from 0.0 to 5.32 sultriness days for RCP4.5,
and from -0.21 to 5.99 sultriness days for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual increases for RCP8.5 is between
0.0 and 34.81 sultriness days, for RCP4.5 between 0.0 and 11.47 sultriness days, and for
RCP2.6 between 0.0 and 6.88 sultriness days.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs an increase in the annual number of sultriness days is projected for the
st
end of the 21 century.
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RCP2.6

RCP4.5

RCP8.5

Overview
temperature-based indices

14

projected

minimum to maximum

minimum to maximum

climate changes

2036-2065

2071-2100

temperature [°C]

1.02 to 5.32

1.68 to 8.96

number of summer days [days/year]

0.00 to 20.89

0.00 to 35.75

number of hot days [days/year]

-0.01 to 5.48

0.00 to 12.25

number of tropical nights [nights/year]

0.00 to 10.17

0.00 to 23.40

maximum duration of heat waves [days]

-0.01 to 2.74

0.00 to 5.17

number of days > 5 °C [days/year]

18.54 to 47.50

27.63 to 90.47

number of heating degree days [HDD]

-1756.73 to -373.34

-2865.89 to -612.13

number of frost days [days/year]

-71.20 to -31.08

-110.51 to -48.15

number of spring frost days [days/year]

-22.19 to -8.15

-34.98 to -12.02

temperature [°C]

0.75 to 3.44

1.01 to 4.27

number of summer days [days/year]

0.00 to 8.10

-0.04 to 10.48

number of hot days [days/year]

-0.03 to 1.60

0.00 to 2.16

number of tropical nights [nights/year]

-0.00 to 2.03

0.00 to 3.81

maximum duration of heat waves [days]

-0.02 to 0.97

0.00 to 1.01

number of days > 5 °C [days/year]

10.04 to 34.84

12.94 to 46.06

number of heating degree days [HDD]

-1119.05 to -272.97

-1355.23 to -367.53

number of frost days [days/year]

-46.12 to -16.20

-60.51 to -23.25

number of spring frost days [days/year]

-19.58 to -5.24

-25.54 to -9.48

temperature [°C]

0.55 to 3.96

0.44 to 4.42

number of summer days [days/year]

-0.13 to 4.85

-0.48 to 6.14

number of hot days [days/year]

-0.03 to 0.67

-0.02 to 0.38

number of tropical nights [nights/year]

0.00 to 1.22

-0.03 to 0.58

maximum duration of heat waves [days]

-0.03 to 0.51

-0.02 to 0.27

number of days > 5 °C [days/year]

8.61 to 41.33

8.44 to 43.02

number of heating degree days [HDD]

-1325.67 to -200.66

-1448.21 to -159.67

number of frost days [days/year]

-46.08 to -12.95

-53.04 to -6.57

number of spring frost days [days/year]

-15.15 to -4.00

-17.45 to -2.94
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RCP2.6

RCP4.5

RCP8.5

Overview
precipitation-based indices

projected

minimum to maximum

minimum to maximum

climate changes

2036-2065

2071-2100

precipitation [%]

-1.91 to 27.71

-4.40 to 38.74

number of days with precipitation > 20 mm [days/year]

-0.25 to 3.87

0.19 to 5.50

number of dry days [days/year]

-15.20 to 14.67

-20.32 to 29.97

number of wet days [days/year]

-14.67 to 15.20

-30.01 to 20.32

p95th [mm/day]

0.27 to 3.47

1.10 to 5.35

p99th [mm/day]

0.20 to 7.28

1.39 to 12.64

precipitation [%]

-0.45 to 16.63

0.26 to 17.79

number of days with precipitation > 20 mm [days/year]

-0.29 to 1.54

0.12 to 1.95

number of dry days [days/year]

-6.42 to 7.73

-6.84 to 8.66

number of wet days [days/year]

-7.73 to 6.42

-8.70 to 6.41

p95th [mm/day]

0.40 to 1.97

0.22 to 2.34

p99th [mm/day]

-0.16 to 5.13

-0.52 to 4.25

precipitation [%]

-5.56 to 16.56

-9.53 to 14.41

number of days with precipitation > 20 mm [days/year]

-0.27 to 2.21

-0.14 to 2.24

number of dry days [days/year]

-11.02 to 18.21

-14.69 to 30.50

number of wet days [days/year]

-18.21 to 11.02

-30.53 to 14.65

p95th [mm/day]

-0.15 to 2.05

-0.00 to 2.52

p99th [mm/day]

-0.60 to 6.16

-1.17 to 5.88
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RCP2.6

RCP4.5

RCP8.5

Overview
other indices

projected

minimum to maximum

minimum to maximum

climate changes

2036-2065

2071-2100

wind speed [m/s]

-0.30 to 0.29

-0.38 to 0.40

climatic water balance [mm/day]

-0.17 to 0.30

-0.26 to 0.62

number of sultriness days [days/year]

0.00 to 14.65

0.00 to 34.81

wind speed [m/s]

-0.28 to 0.08

-0.28 to 0.07

climatic water balance [mm/day]

-0.11 to 0.30

-0.04 to 0.33

number of sultriness days [days/year]

0.00 to 5.32

0.00 to 11.47

wind speed [m/s]

-0.18 to 0.25

-0.17 to 0.23

climatic water balance [mm/day]

-0.15 to 0.25

-0.18 to 0.18

number of sultriness days [days/year]

-0.21 to 5.99

-0.00 to 6.88

Expert judgement on the robustness of the projections
To judge on the robustness of the projected changes, the agreement of the projections on the sign of the
st
projected changes for the end of the 21 century, as well as the statistical significance of the changes
projected by each single simulation is taken into account. Statistical significance is calculated using the
Mann-Whitney test (respectively U-test), which is applied for each model simulation individually. The
Null-Hypothesis is formulated to test the distribution of the annual values of the respective index in future
climate against their distribution in today's (reference) climate, assuming a confidence level of 0.9.

Increase is assigned in case that the majority of the simulations (>66%) project future increases of the
climate index, with a majority projecting significant increases.
Decrease is assigned in case that the majority of the simulations (>66%) project future decreases of
the climate index, with a majority projecting significant decreases.
Tendency towards an increase is assigned in case that the majority of the simulations (>66%) project
future increases of the climate index, with no majority projecting significant increases.
Tendency towards a decrease is assigned in case that the majority of the simulations (>66%) project
future decreases of the climate index, with no majority projecting significant decreases.
Unclear: The majority of the simulations project significant changes (increases or decreases), but there
is no agreement on a specific direction of the change.
No Changes: The majority of the simulations project only non-significant changes and there is no
majority (>66%) agreeing on a specific direction of the change.
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Reading the climate change figures
2

3
1
4

5

2
Time series diagram

Boxplot diagram

1

Scale and units of the projected changes for the respective index.

2

Time scale: years for the time series diagram and 30-year periods for the boxplot diagrams.

3

Legend for the time series and boxplot diagrams. Colors are indicating the underlying
emission scenarios, where RCP denotes Representative Concentration Pathways.
RCP8.5: Pathway for a "worst case" scenario with high greenhouse gas emissions. RCP4.5:
"medium mitigation" scenario, with medium amount of greenhouse gas emissions. RCP2.6:
"stringent mitigation" scenario, with smaller or even negative greenhouse gas emissions. The
numbers in brackets indicate the number of simulations entering the analysis for the
respective index and scenario. As some variables are not provided for all model simulations,
the numbers slightly differ for some of the indices from the total number of simulations
available.

4

The time series diagram shows the projected 30-year running mean changes in the
respective index with respect to the climate reference period of 1971 to 2000. The values are
th
centered around the 15 year of each 30-year period, i.e. each value represents the mean
value of the 30 years around this year. Each line belongs to a specific model simulation. The
color-coding corresponds to the three different emission scenarios (as indicated in the
legend). In addition, the shaded color background for each RCP encloses the minimum and
maximum projected changes.

5

In the boxplot diagram the range of the projected changes is shown for two specific time
st
periods relative to the climate reference period of 1971 to 2000: The middle of the 21
st
century is represented by the years 2036 to 2065, the end of the 21 century by the period
from 2070 to 2099. The bars show some characteristics of the ensemble of projections.
Maximum
80%
Median
20%
Minimum

The total range of projections is found between the minimum and
maximum value indicated in the bars. The median denotes the
simulation of which the value of projected change is located in the
center of the entire bandwith of the ensemble. In addition, those values
are marked where 20% of the ensemble project changes below or
above this value.

Red color stands for the worst case scenario (RCP8.5), RCP4.5 is given in blue and RCP2.6
in gray colors.
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Definition of the climate indices
Parameter

18

Definition

Temperature

Defined as the temperature in 2 m height above surface. The seasonal
temperatures are based on the meteorological calendar, i.e. spring covers March,
April and May, summer is calculated as mean of the months June, July, August,
autumn temperature is calculated from September, October, and November values,
and winter from December, January, and February.

Summer days

Number of days per year with daily maximum temperatures of at least 25 °C

Hot days

Number of days per year with daily maximum temperatures of at least 30 °C

Tropical nights

Number of days per year with daily minimum temperatures of at least 20 °C

Duration of heat
waves

Maximum annual duration [in days] of consecutive days with daily maximum
temperatures of at least 30 °C

Days > 5 °C

Number of days per year with a daily average temperature above 5 °C

Heating degree
days

The total amount of heating degree days per year can be used as measure for the
need of heating per year. Heating degree days are defined using a temperature
threshold (here 15 °C), below which heating is needed. It is calculated by summing
up the daily differences of temperature and the threshold when temperatures are
below the threshold. It is given in units of HDD.

Frost days

Number of days per year with daily minimum temperatures below 0 °C

Spring frost
days

Number of days between 1st of April and 31st of May with a daily minimum
temperature below 0 °C

Annual and
seasonal
precipitation

The sum of annual and seasonal precipitation is calculated from daily precipitation
sums. It contains liquid as well as solid precipitation (rain and snow). The seasonal
precipitation sums are based on the meteorological calendar, i.e. spring
precipitation covers March, April and May, summer precipitation sums up months
June, July, August, autumn precipitation is calculated from September, October,
and November values, and winter precipitation sums up the months December,
January, and February.

Precipitation >
20 mm/day

Number of days per year with daily precipitation (rain and snow) higher than 20 mm

Dry days

Number of days per year with daily precipitation (rain and snow) lower than 1 mm

Wet days

Number of days per year with daily precipitation (rain and snow) of at least 1 mm

95th percentile
of precipitation

Value of total daily precipitation that is exceeded on five percent of all wet days per
year

99th percentile
of precipitation

Value of total daily precipitation that is exceeded on one percent of all wet days per
year

Wind speed

Mean annual wind speed in m/s

Climatic water
balance

Difference between annual precipitation and annual evaporation in mm/day

Sultriness days

Number of days per year with daily values of vapor pressure greater than 18.8 hPa.
The vapor pressure is calculated based on daily values of the near-surface air
temperature and the relative humidity using the Magnus Formula.
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Background information
Data sources for the information on observed climate
E-OBS
gridded
observational
dataset
(V19.0e,
temporal/spatial
resolution:
daily/0.1°,
http://surfobs.climate.copernicus.eu/dataaccess/access_eobs.php), as well as C3S, Copernicus Climate Change Service (2017): ERA5: Fifth
generation of ECMWF atmospheric reanalyses of the global climate. Copernicus Climate Change Service Climate Data Store (CDS).
Access: https://cds.climate.copernicus.eu/.

Data sources for the climate projections
The projected climate changes presented in this Climate Fact Sheet are based on regional climate projections, which are presented in the
framework of the EURO-COREX initiative (http://www.euro-cordex.net) as well as on regional climate projections provided by the
ReKliEs-DE project, funded by the German Ministry of Research and Education (http://reklies.hlnug.de). The climate projections in this Fact
Sheet are based on the Representative Concentration Pathways (RCPs), of which the RCP8.5 represents a worst case scenario, RCP4.5 a
medium mitigation scenario, and RCP2.6 a stringent mitigation scenario. 51 climate projections were obtained in August 2018 from the
ESGF data portal via the data node at the German Climate Computing Centre (https://esgf-data.dkrz.de). Of these, 16 simulations for the
stringent mitigation scenario (RCP2.6), 13 simulations for the medium mitigation scenario (RCP4.5) and 22 simulations for the worst case
emission scenario (RCP8.5) are available. The table below provides an overview of the regional climate models and their respective global
forcing data. The EURO-CORDEX simulations are available on a grid with a spatial horizontal resolution of 12 km x 12 km. The climate
change signals for the different variables presented in this Climate Fact Sheet are calculated as the weighted mean value for all grid cells
located in this region.
worst case scenario (RCP8.5)

medium mitigation scenario (RCP4.5)

driving GCM
and realization

RCM,
version
number

driving GCM
and realization

RCM,
number

CanESM2, r1i1p1

CCLM4-8-17, v1

EC-EARTH, r12i1p1

CanESM2, r1i1p1

REMO2015, v1

EC-EARTH, r12i1p1

EC-EARTH, r12i1p1

CCLM4-8-17, v1

EC-EARTH, r12i1p1

REMO2015, v1

EC-EARTH, r12i1p1

version

stringent mitigation scenario (RCP2.6)
driving GCM
and realization

RCM,
number

version

CCLM4-8-17, v1

EC-EARTH, r12i1p1

CCLM4-8-17, v1

RCA4, v1

EC-EARTH, r12i1p1

RCA4, v1

EC-EARTH, r12i1p1

RACMO22E, v1

EC-EARTH, r12i1p1

REMO2015, v1

EC-EARTH, r1i1p1

RACMO22E, v1

EC-EARTH, r12i1p1

RACMO22E, v1

RACMO22E, v1

EC-EARTH, r3i1p1

HIRHAM5, v2

EC-EARTH, r3i1p1

HIRHAM5, v2

EC-EARTH, r12i1p1

RCA4, v1

HadGEM2, r1i1p1

CCLM4-8-17, v1

GFDL-ESM2G, r1i1p1

REMO2015, v1

EC-EARTH, r1i1p1

RACMO22E, v1

HadGEM2, r1i1p1

RACMO22E, v2

HadGEM2, r1i1p1

RACMO22E, v2

EC-EARTH, r1i1p1

WRF361H, v1

HadGEM2, r1i1p1

RCA4, v1

HadGEM2, r1i1p1

REMO2015, v1

EC-EARTH, r3i1p1

HIRHAM5, v2

IPSL-CM5A-MR, r1i1p1 RCA4, v1

HadGEM2, r1i1p1

RCA4, v1

HadGEM2, r1i1p1

CCLM4-8-17, v1

MPI-ESM-LR, r1i1p1

CCLM4-8-17, v1

IPSL-CM5A-LR, r1i1p1 REMO2015, v1

HadGEM2, r1i1p1

RACMO22E, v2

MPI-ESM-LR, r1i1p1

REMO2009, v1

MIROC5, r1i1p1

REMO2015, v1

HadGEM2, r1i1p1

RCA4, v1

MPI-ESM-LR, r1i1p1

RCA4, v1a

MPI-ESM-LR, r1i1p1

REMO2009, v1

HadGEM2, r1i1p1

REMO2015, v1

MPI-ESM-LR, r2i1p1

REMO2009, v1

MPI-ESM-LR, r1i1p1

CCLM4-8-17, v1

HadGEM2, r1i1p1

WRF361H, v1

MPI-ESM-LR, r1i1p1

RCA4, v1a

IPSL-CM5A-MR, r1i1p1 RCA4, v1

MPI-ESM-LR, r1i1p1

WRF361H, v1

MPI-ESM-LR, r1i1p1

CCLM4-8-17, v1

MPI-ESM-LR, r2i1p1

REMO2009, v1

MPI-ESM-LR, r1i1p1

REMO2009, v1

MPI-ESM-LR, r1i1p1

RCA4, v1a

MPI-ESM-LR, r1i1p1

WRF361H, v1

MPI-ESM-LR, r2i1p1

REMO2009, v1

MIROC5, r1i1p1

CCLM4-8-17, v1

MIROC5, r1i1p1

REMO2015, v1

Disclaimer: This Climate Fact Sheet was developed in the frame of the project OPERANDUM (OPEn-air laboRAtories for Nature baseD
solUtions to Manage hydro-meteo risks) . This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 776848. The content provided in this Fact Sheet and the underlying data correspond to
the current state of knowledge. All data have been carefully prepared and checked by the Climate Service Center Germany (GERICS).
However, GERICS has only carried out part of the regional climate projections itself. All climate projections not carried out by GERICS were
obtained from the publicly accessible ESGF data archive. GERICS does not take over guarantee for the topicality, correctness,
completeness or quality of the provided information. GERICS also assumes no liability for decisions and their consequences, which are
based on the use of this Climate Fact Sheet.

This project has received funding from the European Union's Horizon 2020
research and innovation programme under grant agreement No 776848
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Climate Fact Sheet
Open-Air Laboratory Germany

At a glance
The Climate Fact Sheet provides brief and concise information on possible future climate developments for the
Open-Air Laboratory Germany in the 21st century. They are based on the results of 51 regional climate model
simulations, which are based on the Representative Concentration Pathways (RCPs). RCP8.5 represents a
worst case scenario, RCP4.5 a medium mitigation scenario, and RCP2.6 a stringent mitigation scenario. 18
different indices for climate change are presented, which are relevant for various societal sectors. They are
supplemented by an expert judgement of the reliability of the shown changes. The relationship to the climate of
the near past is illustrated by some of the key figures calculated from observation data for the Open-Air
Laboratory Germany. At the end of the 21st century, the annual mean near-surface temperature is projected to
increase between 0.2 °C and 2.0 °C in RCP2.6, between 1.2 °C and 3.1 °C in RCP4.5, and between 2.6 °C and
5.0 °C in RCP8.5; these increases are robust for all scenarios. For the annual precipitation at the end of the 21st
century the projections show changes between -9.9 % and 7.4 % for RCP2.6, between -1.7 % and 17.2 % for
RCP4.5, and between -7.0 % and 18.8 % for RCP8.5. For annual precipitation, none of the projected changes
for the end of the 21st century are robust.
Projected Climate Changes for the end of the 21st century
Parameter

Worst case scenario

Medium mitigation scenario

Stringent mitigation scenario

Details

temperature

increase

increase

increase

pp. 5, 14

summer days

increase

increase

increase

pp. 5, 14

hot days

increase

increase

tendency towards increase

pp. 6, 14

tropical nights

increase

increase

increase

pp. 6, 14

duration of heat waves

increase

increase

tendency towards increase

pp. 7, 14

days > 5 °C

increase

increase

increase

pp. 7, 14

heating degree days

decrease

decrease

decrease

pp. 8, 14

frost days

decrease

decrease

decrease

pp. 8, 14

spring frost days

decrease

decrease

decrease

pp. 9, 14

precipitation

tendency towards increase

tendency towards increase

tendency towards increase

pp. 9, 14

precipitation > 20 mm

increase

tendency towards increase

no changes

pp. 10, 15

dry days

no changes

no changes

no changes

pp. 10, 15

wet days

no changes

no changes

no changes

pp. 11, 15

p95th

increase

tendency towards increase

tendency towards increase

pp. 11, 15

p99th

increase

tendency towards increase

tendency towards increase

pp. 12, 15

wind speed

no changes

tendency towards decrease

tendency towards decrease

pp. 12, 16

water balance

tendency towards increase

no changes

no changes

pp. 13, 16

sultriness

increase

increase

increase

pp. 13, 16
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Today's climate and observed
changes
Climate indices for today's climate for the region Open-Air Laboratory Germany
The Open-Air Laboratory Germany is associated with the Biosphere Reserve Lower Saxonian Elbe Valley. It is
in the area of oceanic, warm temperate climate on the border to continental climate. It is humid all year round
with warm summers and mild winters. For the region of the Open-Air Laboratory Germany, data has been
extracted from the longterm daily gridded observational data E-OBS (V19.0e). Together with the ERA5
reanalysis data, these are used as present day climate reference. The figures below show the representation of
the Open-Air Laboratory Germany (red line) for the E-OBS V19.0e grid on the left and the ERA5 grid on the
right. The numbers in blue give the share of the gridboxes contributing to the regional mean values. For the
region indicated in the two figures, climate indices for the period of 1971 to 2000 (E-OBS) and 1989 to 2018
(ERA5) are derived from the respective dataset.

E-OBS ( 1971-2000 )

ERA5 ( 1989-2018 )

summer days [days/year]

30

30

hot days [days/year]

5

6

tropical nights [days/year]

0

0

days > 5 °C [days/year]

250

263

frost days [days/year]

77

63

spring frost days [days/year]

6

3

1.6

2.0

2

2

dry days [days/year]

237

222

wet days [days/year]

129

141

precipitation [mm/day]
precipitation > 20 mm [days/year]

Observed changes in the past and recent climate for Open-Air Laboratory Germany
For the period of 1950 to 2010, an increase of the annual mean temperature of about 0.03 °C/year can be
derived from E-OBS (V19.0e). For the more recent period of 1980 to 2010, the increase is about 0.06 °C/year.
The lowest annual mean temperature recorded since 1950 in the series of measurements for E-OBS (V19.0e)
was in the year 1956 with 7.3 °C, the highest value in the year 2007 with 10.3 °C.
For the annual mean precipitation, the measurements do not show any clear trends during the course of the 21st
century. The lowest annual precipitation values since 1950 in E-OBS (V19.0e) were recorded in the year 1959
with 356 mm, the highest values in 2002 with 877 mm.
Data source for the information on observed climate: E-OBS gridded observational dataset (V19.0e, temporal/spatial resolution:
daily/0.1°, http://surfobs.climate.copernicus.eu/dataaccess/access_eobs.php), as well as C3S, Copernicus Climate Change Service
(2017): ERA5: Fifth generation of ECMWF atmospheric reanalyses of the global climate. Copernicus Climate Change Service Climate
Data Store (CDS). Access: https://cds.climate.copernicus.eu/. Daily values of mean, minimum and maximum temperature as well as daily
mean precipitation were selected.
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Projected
climate changes
The projected changes shown in this Climate Fact Sheet are based on an ensemble of climate projections which
were created in the context of the EURO-CORDEX initiative as well as on regional climate projections provided
by the ReKliEs-DE project, funded by the German Ministry of Research and Education (see page 19 for more
information). Climate projections give possible future pathways of climate for the coming decades, based on
scenarios for the development of global population, the economy, and technological development, resulting in
different concentrations of greenhouse gases in the atmosphere. Here, projections are based on three different
Representative Concentration Pathways (RCPs). RCP8.5 represents a worst case scenario, RCP4.5 a medium
mitigation scenario, and RCP2.6 a stringent mitigation scenario. The global climate projections are regionally
refined by regional climate models. All EURO-CORDEX and ReKliEs-DE simulations are stored on a common
grid with a horizontal grid resolution of about 12 x 12 km. The projected changes for the Open-Air Laboratory
Germany are calculated as a weighted average of all grid cells that fall within the OAL, in the same way as was
done for the observed data. Projected changes are calculated from a baseline period of 1971 to 2000 for two
future time periods 2036 to 2065, and 2070 to 2099.
Mean changes for the period 2070 - 2099 relative to 1971 - 2000
Summer precipitation

Winter precipitation

Annual temperature

Summer precipitation

Winter precipitation

Annual temperature

Summer precipitation

Winter precipitation

RCP2.6

RCP4.5

RCP8.5

Annual temperature
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Projected
climate changes

Representation of the Open-Air Laboratory Germany on the rotated grid of the climate projections

All model simulations used in this Climate Fact
Sheet were realized on a common grid defined by
the EURO-CORDEX initiative. To keep the grid
box sizes as equal as possible, the position of the
poles has been rotated in the simulations, so that
the equator crosses the EURO-CORDEX domain.
Consequently, the grid shown in the figure on the
right is rotated compared to the ERA5 and
E-OBS-v19.0 grids. Moreover, the coordinates of
the grid were homogenized among the different
RCMs, but the fixed surface fields such as
land-sea distribution and model orography were
not necessarily homogenized. The figure to the
right shows the region for which the data from the
regional climate projections were extracted for the
Open-Air Laboratory Germany. The respective
weight of the grid boxes within the region are given
accordingly. The background shows the fractional
land-sea distribution as it is used for the
simulations
done
with
REMO2009
and
REMO2015.

Symbols of the expert judgement on the robustness of the projections
Increase: The majority of the simulations
project significant increases

Tendency towards an increase: The
majority of the simulations project
non-significant increases

Decrease : The majority of the simulations
project significant decreases

Tendency towards a decrease: The
majority of the simulations project
non-significant decreases

Unclear: The majority of the simulations
project significant changes, but do not
agree on the direction of change

No changes: The majority of the
simulations project non-significant changes,
with no preferred direction of change

Please consider:
Each climate index presented on the following pages is complemented by an expert judgement on the
robustness of the projected changes, which is described in more detail on page 16. The definition of
each climate index is given on page 18. Their graphical representation is explained on page 17. These
information are necessary for the understanding of the figures. All climate indices are displayed with the
identical method. Together with the figures, the projected annual changes for each index for the middle
and the end of the 21st century are provided as short narratives.
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Projected changes in
temperature-based indices

Annual and seasonal temperature

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual increases for RCP8.5 is between
2.6 and 5.0 °C, for RCP4.5 between 1.2 and 3.1 °C, and for RCP2.6 between 0.2 and
2.0 °C.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from 1.2 to 2.9 °C for RCP8.5, from 0.7 to 2.6 °C for RCP4.5, and from 0.4 to 2.3 °C for
RCP2.6.

RCP8.5

For all three RCPs an increase in the annual temperature is projected for the end of the
st
21 century.

Summer days

The bandwidth of projected annual changes for the middle of the 21st century spans
from 6 to 36 days/year for RCP8.5, from 3 to 31 days/year for RCP4.5, and from 2 to
18 days/year for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual increases for RCP8.5 is between 15
and 65 days/year, for RCP4.5 between 7 and 37 days/year, and for RCP2.6 between 2
and 21 days/year.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs an increase in the annual number of summer days is projected for the
st
end of the 21 century.
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Projected changes in
temperature-based indices

Hot days

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual increases for RCP8.5 is between
1.9 and 38.8 days/year, for RCP4.5 between 0.4 and 17.2 days/year, and for RCP2.6
between -0.2 and 6.1 days/year.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from 0.4 to 16.5 days/year for RCP8.5, from 0.3 to 12.7 days/year for RCP4.5, and from
-0.3 to 4.4 days/year for RCP2.6.

RCP8.5

For all three RCPs an increase in the annual number of hot days is projected for the end of
st
the 21 century.

Tropical nights

6

The bandwidth of projected annual changes for the middle of the 21st century spans
from 0.0 to 14.61 nights/year for RCP8.5, from 0.02 to 7.46 nights/year for RCP4.5, and
from -0.06 to 4.59 nights/year for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual increases for RCP8.5 is between
0.09 and 38.77 nights/year, for RCP4.5 between 0.12 and 13.41 nights/year, and for
RCP2.6 between 0.0 and 3.73 nights/year.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs an increase in the annual number of tropical nights is projected for the
st
end of the 21 century.
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Projected changes in
temperature-based indices

Duration of heat waves

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual increases for RCP8.5 is between
1.23 and 14.36 days, for RCP4.5 between 0.33 and 4.89 days, and for RCP2.6 between
0.02 and 2.2 days.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from 0.17 to 4.25 days for RCP8.5, from 0.27 to 2.42 days for RCP4.5, and from -0.65 to
1.94 days for RCP2.6.

RCP8.5

For all three RCPs an increase in the annual maximum duration of heat waves is projected
st
for the end of the 21 century.

Days warmer than 5 °C

The bandwidth of projected annual changes for the middle of the 21st century spans
from 26 to 47 days/year for RCP8.5, from 16 to 41 days/year for RCP4.5, and from 4 to
33 days/year for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual increases for RCP8.5 is between 55
and 79 days/year, for RCP4.5 between 21 and 49 days/year, and for RCP2.6 between 1
and 28 days/year.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs an increase in the annual number of days > 5 °C is projected for the
st
end of the 21 century.
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Projected changes in
temperature-based indices

Heating degree days

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual changes for RCP8.5 is between
-1152 and -682 HDD, for RCP4.5 between -764 and -292 HDD, and for RCP2.6 between
-581 and -71 HDD.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -742 to -330 HDD for RCP8.5, from -653 to -189 HDD for RCP4.5, and from -664 to
-94 HDD for RCP2.6.

RCP8.5

For all three RCPs a decrease in the annual number of heating degree days is projected
st
for the end of the 21 century.

Frost days

8

The bandwidth of projected annual changes for the middle of the 21st century spans
from -46 to -22 days/year for RCP8.5, from -40 to -12 days/year for RCP4.5, and from -50
to 2 days/year for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual changes for RCP8.5 is between -71
and -31 days/year, for RCP4.5 between -45 and -15 days/year, and for RCP2.6 between
-43 and 4 days/year.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs a decrease in the annual number of frost days is projected for the end
st
of the 21 century.
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Projected changes in
temperature-based indices
Spring frost days

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual changes for RCP8.5 is between -15
and -1 days/year, for RCP4.5 between -10 and -1 days/year, and for RCP2.6 between -6
and 0 days/year.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -10 to -1 days/year for RCP8.5, from -7 to -1 days/year for RCP4.5, and from -7 to
-1 days/year for RCP2.6.

RCP8.5

For all three RCPs a decrease in the annual number of spring frost days is projected for
the end of the 21st century.

Projected changes in
precipitation-based indices

Annual and seasonal precipitation

The bandwidth of projected annual changes for the middle of the 21st century spans
from -6.4 to 13.5 % for RCP8.5, from -2.3 to 10.6 % for RCP4.5, and from -8.0 to 9.3 % for
RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual increases for RCP8.5 is between
-7.0 and 18.8 %, for RCP4.5 between -1.7 and 17.2 %, and for RCP2.6 between -9.9 and
7.4 %.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs an increase in the annual precipitation is projected for the end of the
st
21 century.
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Projected changes in
precipitation-based indices

Days with precipitation > 20 mm/day

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual changes for RCP8.5 is between 0.1
and 2.6 days/year, for RCP4.5 between -0.3 and 1.5 days/year, and for RCP2.6 between
-0.5 and 1.9 days/year.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -0.3 to 1.8 days/year for RCP8.5, from -0.2 to 1.6 days/year for RCP4.5, and from
-0.6 to 1.2 days/year for RCP2.6.

RCP8.5

For most of the simulations, an increase in the annual number of days with precipitation
st
exceeding 20 mm is projected for the end of the 21 century.

Dry days (precipitation < 1 mm/day)

10

The bandwidth of projected annual changes for the middle of the 21st century spans
from -8 to 15 days/year for RCP8.5, from -12 to 5 days/year for RCP4.5, and from -6 to
13 days/year for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual changes for RCP8.5 is between -14
and 20 days/year, for RCP4.5 between -7 and 4 days/year, and for RCP2.6 between -5
and 20 days/year.

RCP8.5

RCP4.5

RCP2.6

For the three different RCPs no clear change in the annual number of dry days is
st
projected for the end of the 21 century.
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Projected changes in
precipitation-based indices
Wet days (precipitation ≥ 1 mm/day)

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual changes for RCP8.5 is between -20
and 14 days/year, for RCP4.5 between -5 and 6 days/year, and for RCP2.6 between -20
and 5 days/year.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -15 to 8 days/year for RCP8.5, from -5 to 12 days/year for RCP4.5, and from -13 to
6 days/year for RCP2.6.

RCP8.5

For the three different RCPs no clear change in the annual number of wet days is
st
projected for the end of the 21 century.

95th percentile of precipitation on wet days

The bandwidth of projected annual changes for the middle of the 21st century spans
from 0.1 to 2.2 mm/day for RCP8.5, from 0.2 to 2.0 mm/day for RCP4.5, and from -0.6 to
1.5 mm/day for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual increases for RCP8.5 is between
0.7 and 3.6 mm/day, for RCP4.5 between -0.2 and 2.3 mm/day, and for RCP2.6 between
-0.8 and 2.1 mm/day.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs an increase in the annual 95th percentile of precipitation on wet days is
st
projected for the end of the 21 century.
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Projected changes in
precipitation-based indices
99th percentile of precipitation on wet days

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual increases for RCP8.5 is between
-0.1 and 10.1 mm/day, for RCP4.5 between -1.2 and 4.9 mm/day, and for RCP2.6
between -2.7 and 4.8 mm/day.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -1.0 to 5.6 mm/day for RCP8.5, from -1.8 to 3.0 mm/day for RCP4.5, and from -3.4 to
4.9 mm/day for RCP2.6.

RCP8.5

For all three RCPs an increase in the annual 99th percentile of precipitation on wet days is
projected for the end of the 21st century.

Projected changes in
other indices
Wind speed

12

The bandwidth of projected annual changes for the middle of the 21st century spans
from -0.1 to 0.05 m/s for RCP8.5, from -0.08 to 0.06 m/s for RCP4.5, and from -0.1 to
0.02 m/s for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual changes for RCP8.5 is between
-0.12 and 0.11 m/s, for RCP4.5 between -0.12 and 0.03 m/s, and for RCP2.6 between
-0.16 and 0.08 m/s.

RCP8.5

RCP4.5

RCP2.6

For most of the simulations, a decrease in the annual wind speed is projected for the end
of the 21st century.
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Projected changes in
other indices

Climatic water balance (precipitation minus evaporation)

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual changes for RCP8.5 is between
-0.08 and 0.33 mm/day, for RCP4.5 between -0.06 and 0.21 mm/day, and for RCP2.6
between -0.1 and 0.1 mm/day.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -0.06 to 0.15 mm/day for RCP8.5, from -0.08 to 0.16 mm/day for RCP4.5, and from
-0.09 to 0.05 mm/day for RCP2.6.

RCP8.5

For the three different RCPs no clear change in the annual climatic water balance is
st
projected for the end of the 21 century.

Sultriness

The bandwidth of projected annual changes for the middle of the 21st century spans
from 2.74 to 26.24 sultriness days for RCP8.5, from 1.31 to 12.24 sultriness days for
RCP4.5, and from 0.75 to 15.74 sultriness days for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual increases for RCP8.5 is between
9.97 and 50.45 sultriness days, for RCP4.5 between 1.91 and 24.14 sultriness days, and
for RCP2.6 between 0.85 and 17.03 sultriness days.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs an increase in the annual number of sultriness days is projected for the
st
end of the 21 century.
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RCP2.6

RCP4.5

RCP8.5

Overview
temperature-based indices

14

projected

minimum to maximum

minimum to maximum

climate changes

2036-2065

2071-2100

temperature [°C]

1.24 to 2.86

2.56 to 4.99

number of summer days [days/year]

5.86 to 35.69

14.97 to 65.47

number of hot days [days/year]

0.36 to 16.46

1.95 to 38.81

number of tropical nights [nights/year]

0.00 to 14.61

0.09 to 38.77

maximum duration of heat waves [days]

0.17 to 4.25

1.23 to 14.36

number of days > 5 °C [days/year]

26.40 to 46.75

54.66 to 78.67

number of heating degree days [HDD]

-742.17 to -329.55

-1152.37 to -681.99

number of frost days [days/year]

-45.71 to -21.65

-71.43 to -31.27

number of spring frost days [days/year]

-10.03 to -0.60

-14.82 to -0.69

temperature [°C]

0.71 to 2.55

1.17 to 3.09

number of summer days [days/year]

3.02 to 30.79

6.70 to 36.78

number of hot days [days/year]

0.35 to 12.71

0.41 to 17.25

number of tropical nights [nights/year]

0.02 to 7.46

0.12 to 13.41

maximum duration of heat waves [days]

0.27 to 2.42

0.33 to 4.89

number of days > 5 °C [days/year]

16.44 to 41.07

21.47 to 49.36

number of heating degree days [HDD]

-653.41 to -189.20

-764.33 to -291.50

number of frost days [days/year]

-40.27 to -12.44

-45.48 to -15.39

number of spring frost days [days/year]

-6.82 to -0.56

-9.89 to -0.50

temperature [°C]

0.36 to 2.31

0.23 to 1.98

number of summer days [days/year]

2.27 to 18.23

1.69 to 20.91

number of hot days [days/year]

-0.30 to 4.38

-0.18 to 6.10

number of tropical nights [nights/year]

-0.06 to 4.59

0.00 to 3.73

maximum duration of heat waves [days]

-0.65 to 1.94

0.02 to 2.20

number of days > 5 °C [days/year]

3.60 to 32.60

1.11 to 27.50

number of heating degree days [HDD]

-663.86 to -93.64

-581.34 to -70.77

number of frost days [days/year]

-49.95 to 1.54

-42.68 to 4.23

number of spring frost days [days/year]

-6.70 to -0.62

-5.80 to 0.03
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RCP2.6

RCP4.5

RCP8.5

Overview
precipitation-based indices

projected

minimum to maximum

minimum to maximum

climate changes

2036-2065

2071-2100

precipitation [%]

-6.40 to 13.48

-6.98 to 18.78

number of days with precipitation > 20 mm [days/year]

-0.27 to 1.85

0.13 to 2.57

number of dry days [days/year]

-7.64 to 15.13

-14.35 to 19.69

number of wet days [days/year]

-15.13 to 7.64

-19.74 to 14.35

p95th [mm/day]

0.06 to 2.21

0.72 to 3.60

p99th [mm/day]

-1.02 to 5.59

-0.15 to 10.07

precipitation [%]

-2.30 to 10.57

-1.70 to 17.19

number of days with precipitation > 20 mm [days/year]

-0.24 to 1.57

-0.25 to 1.52

number of dry days [days/year]

-11.99 to 4.64

-7.46 to 3.61

number of wet days [days/year]

-4.64 to 11.99

-4.61 to 6.46

p95th [mm/day]

0.18 to 1.98

-0.17 to 2.29

p99th [mm/day]

-1.83 to 3.01

-1.20 to 4.89

precipitation [%]

-8.03 to 9.29

-9.88 to 7.43

number of days with precipitation > 20 mm [days/year]

-0.64 to 1.23

-0.50 to 1.89

number of dry days [days/year]

-5.84 to 12.75

-5.14 to 20.23

number of wet days [days/year]

-12.75 to 5.84

-20.26 to 5.10

p95th [mm/day]

-0.64 to 1.50

-0.82 to 2.05

p99th [mm/day]

-3.42 to 4.93

-2.67 to 4.78
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RCP2.6

RCP4.5

RCP8.5

Overview
other indices

projected

minimum to maximum

minimum to maximum

climate changes

2036-2065

2071-2100

wind speed [m/s]

-0.10 to 0.05

-0.12 to 0.11

climatic water balance [mm/day]

-0.06 to 0.15

-0.08 to 0.33

number of sultriness days [days/year]

2.74 to 26.24

9.97 to 50.45

wind speed [m/s]

-0.08 to 0.06

-0.12 to 0.03

climatic water balance [mm/day]

-0.08 to 0.16

-0.06 to 0.21

number of sultriness days [days/year]

1.31 to 12.24

1.91 to 24.14

wind speed [m/s]

-0.10 to 0.02

-0.16 to 0.08

climatic water balance [mm/day]

-0.09 to 0.05

-0.10 to 0.10

number of sultriness days [days/year]

0.75 to 15.74

0.85 to 17.03

Expert judgement on the robustness of the projections
To judge on the robustness of the projected changes, the agreement of the projections on the sign of the
st
projected changes for the end of the 21 century, as well as the statistical significance of the changes
projected by each single simulation is taken into account. Statistical significance is calculated using the
Mann-Whitney test (respectively U-test), which is applied for each model simulation individually. The
Null-Hypothesis is formulated to test the distribution of the annual values of the respective index in future
climate against their distribution in today's (reference) climate, assuming a confidence level of 0.9.

Increase is assigned in case that the majority of the simulations (>66%) project future increases of the
climate index, with a majority projecting significant increases.
Decrease is assigned in case that the majority of the simulations (>66%) project future decreases of
the climate index, with a majority projecting significant decreases.
Tendency towards an increase is assigned in case that the majority of the simulations (>66%) project
future increases of the climate index, with no majority projecting significant increases.
Tendency towards a decrease is assigned in case that the majority of the simulations (>66%) project
future decreases of the climate index, with no majority projecting significant decreases.
Unclear: The majority of the simulations project significant changes (increases or decreases), but there
is no agreement on a specific direction of the change.
No Changes: The majority of the simulations project only non-significant changes and there is no
majority (>66%) agreeing on a specific direction of the change.
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Reading the climate change figures
2

3
1
4

5

2
Time series diagram

Boxplot diagram

1

Scale and units of the projected changes for the respective index.

2

Time scale: years for the time series diagram and 30-year periods for the boxplot diagrams.

3

Legend for the time series and boxplot diagrams. Colors are indicating the underlying
emission scenarios, where RCP denotes Representative Concentration Pathways.
RCP8.5: Pathway for a "worst case" scenario with high greenhouse gas emissions. RCP4.5:
"medium mitigation" scenario, with medium amount of greenhouse gas emissions. RCP2.6:
"stringent mitigation" scenario, with smaller or even negative greenhouse gas emissions. The
numbers in brackets indicate the number of simulations entering the analysis for the
respective index and scenario. As some variables are not provided for all model simulations,
the numbers slightly differ for some of the indices from the total number of simulations
available.

4

The time series diagram shows the projected 30-year running mean changes in the
respective index with respect to the climate reference period of 1971 to 2000. The values are
th
centered around the 15 year of each 30-year period, i.e. each value represents the mean
value of the 30 years around this year. Each line belongs to a specific model simulation. The
color-coding corresponds to the three different emission scenarios (as indicated in the
legend). In addition, the shaded color background for each RCP encloses the minimum and
maximum projected changes.

5

In the boxplot diagram the range of the projected changes is shown for two specific time
st
periods relative to the climate reference period of 1971 to 2000: The middle of the 21
st
century is represented by the years 2036 to 2065, the end of the 21 century by the period
from 2070 to 2099. The bars show some characteristics of the ensemble of projections.
Maximum
80%
Median
20%
Minimum

The total range of projections is found between the minimum and
maximum value indicated in the bars. The median denotes the
simulation of which the value of projected change is located in the
center of the entire bandwith of the ensemble. In addition, those values
are marked where 20% of the ensemble project changes below or
above this value.

Red color stands for the worst case scenario (RCP8.5), RCP4.5 is given in blue and RCP2.6
in gray colors.
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Definition of the climate indices
Parameter

18

Definition

Temperature

Defined as the temperature in 2 m height above surface. The seasonal
temperatures are based on the meteorological calendar, i.e. spring covers March,
April and May, summer is calculated as mean of the months June, July, August,
autumn temperature is calculated from September, October, and November values,
and winter from December, January, and February.

Summer days

Number of days per year with daily maximum temperatures of at least 25 °C

Hot days

Number of days per year with daily maximum temperatures of at least 30 °C

Tropical nights

Number of days per year with daily minimum temperatures of at least 20 °C

Duration of heat
waves

Maximum annual duration [in days] of consecutive days with daily maximum
temperatures of at least 30 °C

Days > 5 °C

Number of days per year with a daily average temperature above 5 °C

Heating degree
days

The total amount of heating degree days per year can be used as measure for the
need of heating per year. Heating degree days are defined using a temperature
threshold (here 15 °C), below which heating is needed. It is calculated by summing
up the daily differences of temperature and the threshold when temperatures are
below the threshold. It is given in units of HDD.

Frost days

Number of days per year with daily minimum temperatures below 0 °C

Spring frost
days

Number of days between 1st of April and 31st of May with a daily minimum
temperature below 0 °C

Annual and
seasonal
precipitation

The sum of annual and seasonal precipitation is calculated from daily precipitation
sums. It contains liquid as well as solid precipitation (rain and snow). The seasonal
precipitation sums are based on the meteorological calendar, i.e. spring
precipitation covers March, April and May, summer precipitation sums up months
June, July, August, autumn precipitation is calculated from September, October,
and November values, and winter precipitation sums up the months December,
January, and February.

Precipitation >
20 mm/day

Number of days per year with daily precipitation (rain and snow) higher than 20 mm

Dry days

Number of days per year with daily precipitation (rain and snow) lower than 1 mm

Wet days

Number of days per year with daily precipitation (rain and snow) of at least 1 mm

95th percentile
of precipitation

Value of total daily precipitation that is exceeded on five percent of all wet days per
year

99th percentile
of precipitation

Value of total daily precipitation that is exceeded on one percent of all wet days per
year

Wind speed

Mean annual wind speed in m/s

Climatic water
balance

Difference between annual precipitation and annual evaporation in mm/day

Sultriness days

Number of days per year with daily values of vapor pressure greater than 18.8 hPa.
The vapor pressure is calculated based on daily values of the near-surface air
temperature and the relative humidity using the Magnus Formula.
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Background information
Data sources for the information on observed climate
E-OBS
gridded
observational
dataset
(V19.0e,
temporal/spatial
resolution:
daily/0.1°,
http://surfobs.climate.copernicus.eu/dataaccess/access_eobs.php), as well as C3S, Copernicus Climate Change Service (2017): ERA5: Fifth
generation of ECMWF atmospheric reanalyses of the global climate. Copernicus Climate Change Service Climate Data Store (CDS).
Access: https://cds.climate.copernicus.eu/.

Data sources for the climate projections
The projected climate changes presented in this Climate Fact Sheet are based on regional climate projections, which are presented in the
framework of the EURO-COREX initiative (http://www.euro-cordex.net) as well as on regional climate projections provided by the
ReKliEs-DE project, funded by the German Ministry of Research and Education (http://reklies.hlnug.de). The climate projections in this Fact
Sheet are based on the Representative Concentration Pathways (RCPs), of which the RCP8.5 represents a worst case scenario, RCP4.5 a
medium mitigation scenario, and RCP2.6 a stringent mitigation scenario. 51 climate projections were obtained in August 2018 from the
ESGF data portal via the data node at the German Climate Computing Centre (https://esgf-data.dkrz.de). Of these, 16 simulations for the
stringent mitigation scenario (RCP2.6), 13 simulations for the medium mitigation scenario (RCP4.5) and 22 simulations for the worst case
emission scenario (RCP8.5) are available. The table below provides an overview of the regional climate models and their respective global
forcing data. The EURO-CORDEX simulations are available on a grid with a spatial horizontal resolution of 12 km x 12 km. The climate
change signals for the different variables presented in this Climate Fact Sheet are calculated as the weighted mean value for all grid cells
located in this region.
worst case scenario (RCP8.5)

medium mitigation scenario (RCP4.5)

driving GCM
and realization

RCM,
version
number

driving GCM
and realization

RCM,
number

CanESM2, r1i1p1

CCLM4-8-17, v1

EC-EARTH, r12i1p1

CanESM2, r1i1p1

REMO2015, v1

EC-EARTH, r12i1p1

EC-EARTH, r12i1p1

CCLM4-8-17, v1

EC-EARTH, r12i1p1

REMO2015, v1

EC-EARTH, r12i1p1

version

stringent mitigation scenario (RCP2.6)
driving GCM
and realization

RCM,
number

version

CCLM4-8-17, v1

EC-EARTH, r12i1p1

CCLM4-8-17, v1

RCA4, v1

EC-EARTH, r12i1p1

RCA4, v1

EC-EARTH, r12i1p1

RACMO22E, v1

EC-EARTH, r12i1p1

REMO2015, v1

EC-EARTH, r1i1p1

RACMO22E, v1

EC-EARTH, r12i1p1

RACMO22E, v1

RACMO22E, v1

EC-EARTH, r3i1p1

HIRHAM5, v2

EC-EARTH, r3i1p1

HIRHAM5, v2

EC-EARTH, r12i1p1

RCA4, v1

HadGEM2, r1i1p1

CCLM4-8-17, v1

GFDL-ESM2G, r1i1p1

REMO2015, v1

EC-EARTH, r1i1p1

RACMO22E, v1

HadGEM2, r1i1p1

RACMO22E, v2

HadGEM2, r1i1p1

RACMO22E, v2

EC-EARTH, r1i1p1

WRF361H, v1

HadGEM2, r1i1p1

RCA4, v1

HadGEM2, r1i1p1

REMO2015, v1

EC-EARTH, r3i1p1

HIRHAM5, v2

IPSL-CM5A-MR, r1i1p1 RCA4, v1

HadGEM2, r1i1p1

RCA4, v1

HadGEM2, r1i1p1

CCLM4-8-17, v1

MPI-ESM-LR, r1i1p1

CCLM4-8-17, v1

IPSL-CM5A-LR, r1i1p1 REMO2015, v1

HadGEM2, r1i1p1

RACMO22E, v2

MPI-ESM-LR, r1i1p1

REMO2009, v1

MIROC5, r1i1p1

REMO2015, v1

HadGEM2, r1i1p1

RCA4, v1

MPI-ESM-LR, r1i1p1

RCA4, v1a

MPI-ESM-LR, r1i1p1

REMO2009, v1

HadGEM2, r1i1p1

REMO2015, v1

MPI-ESM-LR, r2i1p1

REMO2009, v1

MPI-ESM-LR, r1i1p1

CCLM4-8-17, v1

HadGEM2, r1i1p1

WRF361H, v1

MPI-ESM-LR, r1i1p1

RCA4, v1a

IPSL-CM5A-MR, r1i1p1 RCA4, v1

MPI-ESM-LR, r1i1p1

WRF361H, v1

MPI-ESM-LR, r1i1p1

CCLM4-8-17, v1

MPI-ESM-LR, r2i1p1

REMO2009, v1

MPI-ESM-LR, r1i1p1

REMO2009, v1

MPI-ESM-LR, r1i1p1

RCA4, v1a

MPI-ESM-LR, r1i1p1

WRF361H, v1

MPI-ESM-LR, r2i1p1

REMO2009, v1

MIROC5, r1i1p1

CCLM4-8-17, v1

MIROC5, r1i1p1

REMO2015, v1

Disclaimer: This Climate Fact Sheet was developed in the frame of the project OPERANDUM (OPEn-air laboRAtories for Nature baseD
solUtions to Manage hydro-meteo risks) . This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 776848. The content provided in this Fact Sheet and the underlying data correspond to
the current state of knowledge. All data have been carefully prepared and checked by the Climate Service Center Germany (GERICS).
However, GERICS has only carried out part of the regional climate projections itself. All climate projections not carried out by GERICS were
obtained from the publicly accessible ESGF data archive. GERICS does not take over guarantee for the topicality, correctness,
completeness or quality of the provided information. GERICS also assumes no liability for decisions and their consequences, which are
based on the use of this Climate Fact Sheet.

This project has received funding from the European Union's Horizon 2020
research and innovation programme under grant agreement No 776848
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Climate Fact Sheet
Open-Air Laboratory Spercheios River

At a glance
The Climate Fact Sheet provides brief and concise information on possible future climate developments for the
Open-Air Laboratory Spercheios River in the 21st century. They are based on the results of 51 regional climate
model simulations, which are based on the Representative Concentration Pathways (RCPs). RCP8.5 represents
a worst case scenario, RCP4.5 a medium mitigation scenario, and RCP2.6 a stringent mitigation scenario. 18
different indices for climate change are presented, which are relevant for various societal sectors. They are
supplemented by an expert judgement of the reliability of the shown changes. The relationship to the climate of
the near past is illustrated by some of the key figures calculated from observation data for the Open-Air
Laboratory Spercheios River. At the end of the 21st century, the annual mean near-surface temperature is
projected to increase between 0.8 °C and 2.2 °C in RCP2.6, between 1.7 °C and 3.4 °C in RCP4.5, and between
3.6 °C and 5.8 °C in RCP8.5; these increases are robust for all scenarios. For the annual precipitation at the end
of the 21st century the projections show changes between -11.1 % and 8.5 % for RCP2.6, between -19.1 % and
3.6 % for RCP4.5, and between -38.1 % and 3.9 % for RCP8.5. For annual precipitation, only the decrease
projected under RCP8.5 conditions for the end of the 21st century is robust.
Projected Climate Changes for the end of the 21st century
Parameter

Worst case scenario

Medium mitigation scenario

Stringent mitigation scenario

Details

temperature

increase

increase

increase

pp. 5, 14

summer days

increase

increase

increase

pp. 5, 14

hot days

increase

increase

increase

pp. 6, 14

tropical nights

increase

increase

increase

pp. 6, 14

duration of heat waves

increase

increase

increase

pp. 7, 14

days > 5 °C

increase

increase

increase

pp. 7, 14

heating degree days

decrease

decrease

decrease

pp. 8, 14

frost days

decrease

decrease

decrease

pp. 8, 14

spring frost days

decrease

decrease

decrease

pp. 9, 14

precipitation

decrease

tendency towards decrease

tendency towards decrease

pp. 9, 14

precipitation > 20 mm

tendency towards decrease

tendency towards decrease

no changes

pp. 10, 15

dry days

increase

increase

tendency towards increase

pp. 10, 15

wet days

decrease

decrease

tendency towards decrease

pp. 11, 15

p95th

tendency towards increase

tendency towards increase

tendency towards increase

pp. 11, 15

p99th

tendency towards increase

tendency towards increase

tendency towards increase

pp. 12, 15

wind speed

tendency towards decrease

no changes

no changes

pp. 12, 16

water balance

tendency towards decrease

tendency towards decrease

no changes

pp. 13, 16

sultriness

increase

increase

increase

pp. 13, 16
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Today's climate and observed
changes
Climate indices for today's climate for the region Open-Air Laboratory Spercheios River
The Open-Air Laboratory Spercheios River includes the basin of the Spercheios River, located in the prefecture
of Sterea Ellada. It has a warm, temperate climate with dry, hot summers. For the region of the Open-Air
Laboratory Spercheios River, data has been extracted from the longterm daily gridded observational data
E-OBS (V19.0e). Together with the ERA5 reanalysis data, these are used as present day climate reference. The
figures below show the representation of the Open-Air Laboratory Spercheios River (red line) for the E-OBS
V19.0e grid on the left and the ERA5 grid on the right. The numbers in blue give the share of the gridboxes
contributing to the regional mean values. For the region indicated in the two figures, climate indices for the
period of 1971 to 2000 (E-OBS) and 1989 to 2018 (ERA5) are derived from the respective dataset.

E-OBS ( 1971-2000 )

ERA5 ( 1989-2018 )

summer days [days/year]

112

99

hot days [days/year]

42

30

tropical nights [days/year]

1

8

days > 5 °C [days/year]

303

305

frost days [days/year]

61

53

spring frost days [days/year]

2

1

1.4

2.4

2

7

dry days [days/year]

297

248

wet days [days/year]

68

116

precipitation [mm/day]
precipitation > 20 mm [days/year]

Observed changes in the past and recent climate for Open-Air Laboratory Spercheios River
For the period of 1950 to 2010, an increase of the annual mean temperature of about -0.01 °C/year can be
derived from E-OBS (V19.0e). For the more recent period of 1980 to 2010, the increase is about 0.04 °C/year.
The lowest annual mean temperature recorded since 1950 in the series of measurements for E-OBS (V19.0e)
was in the year 1991 with 12.3 °C, the highest value in the year 1952 with 15.1 °C.
For the annual mean precipitation, the measurements do not show any clear trends during the course of the 21st
century. The lowest annual precipitation values since 1950 in E-OBS (V19.0e) were recorded in the year 2000
with 272 mm, the highest values in 1962 with 767 mm.

Data source for the information on observed climate: E-OBS gridded observational dataset (V19.0e, temporal/spatial resolution:
daily/0.1°, http://surfobs.climate.copernicus.eu/dataaccess/access_eobs.php), as well as C3S, Copernicus Climate Change Service
(2017): ERA5: Fifth generation of ECMWF atmospheric reanalyses of the global climate. Copernicus Climate Change Service Climate
Data Store (CDS). Access: https://cds.climate.copernicus.eu/. Daily values of mean, minimum and maximum temperature as well as daily
mean precipitation were selected.
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Projected
climate changes
The projected changes shown in this Climate Fact Sheet are based on an ensemble of climate projections which
were created in the context of the EURO-CORDEX initiative as well as on regional climate projections provided
by the ReKliEs-DE project, funded by the German Ministry of Research and Education (see page 19 for more
information). Climate projections give possible future pathways of climate for the coming decades, based on
scenarios for the development of global population, the economy, and technological development, resulting in
different concentrations of greenhouse gases in the atmosphere. Here, projections are based on three different
Representative Concentration Pathways (RCPs). RCP8.5 represents a worst case scenario, RCP4.5 a medium
mitigation scenario, and RCP2.6 a stringent mitigation scenario. The global climate projections are regionally
refined by regional climate models. All EURO-CORDEX and ReKliEs-DE simulations are stored on a common
grid with a horizontal grid resolution of about 12 x 12 km. The projected changes for the Open-Air Laboratory
Spercheios River are calculated as a weighted average of all grid cells that fall within the OAL, in the same way
as was done for the observed data. Projected changes are calculated from a baseline period of 1971 to 2000 for
two future time periods 2036 to 2065, and 2070 to 2099.
Mean changes for the period 2070 - 2099 relative to 1971 - 2000
Summer precipitation

Winter precipitation

Annual temperature

Summer precipitation

Winter precipitation

Annual temperature

Summer precipitation

Winter precipitation

RCP2.6

RCP4.5

RCP8.5

Annual temperature
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Projected
climate changes

Representation of the Open-Air Laboratory Spercheios River on the rotated grid of the climate projections

All model simulations used in this Climate Fact
Sheet were realized on a common grid defined by
the EURO-CORDEX initiative. To keep the grid
box sizes as equal as possible, the position of the
poles has been rotated in the simulations, so that
the equator crosses the EURO-CORDEX domain.
Consequently, the grid shown in the figure on the
right is rotated compared to the ERA5 and
E-OBS-v19.0 grids. Moreover, the coordinates of
the grid were homogenized among the different
RCMs, but the fixed surface fields such as
land-sea distribution and model orography were
not necessarily homogenized. The figure to the
right shows the region for which the data from the
regional climate projections were extracted for the
Open-Air Laboratory Spercheios River. The
respective weight of the grid boxes within the
region are given accordingly. The background
shows the fractional land-sea distribution as it is
used for the simulations done with REMO2009 and
REMO2015.

Symbols of the expert judgement on the robustness of the projections
Increase: The majority of the simulations
project significant increases

Tendency towards an increase: The
majority of the simulations project
non-significant increases

Decrease : The majority of the simulations
project significant decreases

Tendency towards a decrease: The
majority of the simulations project
non-significant decreases

Unclear: The majority of the simulations
project significant changes, but do not
agree on the direction of change

No changes: The majority of the
simulations project non-significant changes,
with no preferred direction of change

Please consider:
Each climate index presented on the following pages is complemented by an expert judgement on the
robustness of the projected changes, which is described in more detail on page 16. The definition of
each climate index is given on page 18. Their graphical representation is explained on page 17. These
information are necessary for the understanding of the figures. All climate indices are displayed with the
identical method. Together with the figures, the projected annual changes for each index for the middle
and the end of the 21st century are provided as short narratives.
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Projected changes in
temperature-based indices

Annual and seasonal temperature

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual increases for RCP8.5 is between
3.6 and 5.8 °C, for RCP4.5 between 1.7 and 3.4 °C, and for RCP2.6 between 0.8 and
2.2 °C.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from 1.8 to 3.4 °C for RCP8.5, from 1.4 to 2.5 °C for RCP4.5, and from 0.9 to 2.2 °C for
RCP2.6.

RCP8.5

For all three RCPs an increase in the annual temperature is projected for the end of the
st
21 century.

Summer days

The bandwidth of projected annual changes for the middle of the 21st century spans
from 22 to 41 days/year for RCP8.5, from 17 to 30 days/year for RCP4.5, and from 8 to
26 days/year for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual increases for RCP8.5 is between 47
and 71 days/year, for RCP4.5 between 23 and 43 days/year, and for RCP2.6 between 6
and 27 days/year.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs an increase in the annual number of summer days is projected for the
st
end of the 21 century.
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Projected changes in
temperature-based indices

Hot days

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual increases for RCP8.5 is between
31.2 and 79.1 days/year, for RCP4.5 between 11.3 and 44.5 days/year, and for RCP2.6
between 2.7 and 29.3 days/year.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from 13.0 to 44.8 days/year for RCP8.5, from 9.1 to 31.0 days/year for RCP4.5, and from
3.5 to 27.3 days/year for RCP2.6.

RCP8.5

For all three RCPs an increase in the annual number of hot days is projected for the end of
st
the 21 century.

Tropical nights

6

The bandwidth of projected annual changes for the middle of the 21st century spans
from 3.52 to 46.33 nights/year for RCP8.5, from 1.67 to 30.32 nights/year for RCP4.5, and
from 1.05 to 26.37 nights/year for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual increases for RCP8.5 is between
13.74 and 80.37 nights/year, for RCP4.5 between 2.6 and 41.43 nights/year, and for
RCP2.6 between 0.64 and 27.42 nights/year.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs an increase in the annual number of tropical nights is projected for the
st
end of the 21 century.
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Projected changes in
temperature-based indices

Duration of heat waves

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual increases for RCP8.5 is between
10.79 and 65.96 days, for RCP4.5 between 2.75 and 28.16 days, and for RCP2.6 between
0.71 and 25.5 days.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from 3.79 to 41.05 days for RCP8.5, from 3.01 to 22.85 days for RCP4.5, and from 1.63 to
19.87 days for RCP2.6.

RCP8.5

For all three RCPs an increase in the annual maximum duration of heat waves is projected
st
for the end of the 21 century.

Days warmer than 5 °C

The bandwidth of projected annual changes for the middle of the 21st century spans
from 14 to 42 days/year for RCP8.5, from 14 to 34 days/year for RCP4.5, and from 9 to
33 days/year for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual increases for RCP8.5 is between 26
and 69 days/year, for RCP4.5 between 12 and 46 days/year, and for RCP2.6 between 6
and 35 days/year.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs an increase in the annual number of days > 5 °C is projected for the
st
end of the 21 century.
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Projected changes in
temperature-based indices

Heating degree days

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual changes for RCP8.5 is between
-1068 and -649 HDD, for RCP4.5 between -729 and -260 HDD, and for RCP2.6 between
-519 and -148 HDD.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -643 to -330 HDD for RCP8.5, from -525 to -289 HDD for RCP4.5, and from -509 to
-174 HDD for RCP2.6.

RCP8.5

For all three RCPs a decrease in the annual number of heating degree days is projected
st
for the end of the 21 century.

Frost days

8

The bandwidth of projected annual changes for the middle of the 21st century spans
from -42 to -9 days/year for RCP8.5, from -36 to -9 days/year for RCP4.5, and from -34 to
-5 days/year for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual changes for RCP8.5 is between -68
and -15 days/year, for RCP4.5 between -47 and -8 days/year, and for RCP2.6 between
-37 and -5 days/year.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs a decrease in the annual number of frost days is projected for the end
st
of the 21 century.
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Projected changes in
temperature-based indices
Spring frost days

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual changes for RCP8.5 is between -9
and 0 days/year, for RCP4.5 between -6 and 0 days/year, and for RCP2.6 between -5 and
0 days/year.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -6 to 0 days/year for RCP8.5, from -4 to 0 days/year for RCP4.5, and from -4 to
0 days/year for RCP2.6.

RCP8.5

For all three RCPs a decrease in the annual number of spring frost days is projected for
the end of the 21st century.

Projected changes in
precipitation-based indices

Annual and seasonal precipitation

The bandwidth of projected annual changes for the middle of the 21st century spans
from -28.0 to 8.3 % for RCP8.5, from -14.8 to 3.1 % for RCP4.5, and from -16.0 to 8.0 %
for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual changes for RCP8.5 is between
-38.1 and 3.9 %, for RCP4.5 between -19.1 and 3.6 %, and for RCP2.6 between -11.1 and
8.5 %.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs a decrease in the annual precipitation is projected for the end of the
st
21 century.
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Projected changes in
precipitation-based indices

Days with precipitation > 20 mm/day

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual changes for RCP8.5 is between
-4.1 and 2.2 days/year, for RCP4.5 between -1.2 and 0.9 days/year, and for RCP2.6
between -0.9 and 1.8 days/year.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -2.0 to 1.6 days/year for RCP8.5, from -1.4 to 0.9 days/year for RCP4.5, and from
-1.8 to 0.8 days/year for RCP2.6.

RCP8.5

For most of the simulations, a decrease in the annual number of days with precipitation
st
exceeding 20 mm is projected for the end of the 21 century.

Dry days (precipitation < 1 mm/day)

10

The bandwidth of projected annual changes for the middle of the 21st century spans
from 1 to 21 days/year for RCP8.5, from 0 to 15 days/year for RCP4.5, and from 0 to
14 days/year for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual increases for RCP8.5 is between 1
and 36 days/year, for RCP4.5 between -1 and 14 days/year, and for RCP2.6 between 0
and 14 days/year.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs an increase in the annual number of dry days is projected for the end of
st
the 21 century.
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Projected changes in
precipitation-based indices
Wet days (precipitation ≥ 1 mm/day)

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual changes for RCP8.5 is between -36
and -1 days/year, for RCP4.5 between -15 and 1 days/year, and for RCP2.6 between -14
and 0 days/year.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -21 to -1 days/year for RCP8.5, from -15 to 0 days/year for RCP4.5, and from -14 to
0 days/year for RCP2.6.

RCP8.5

For all three RCPs a decrease in the annual number of wet days is projected for the end of
st
the 21 century.

95th percentile of precipitation on wet days

The bandwidth of projected annual changes for the middle of the 21st century spans
from 0.0 to 6.9 mm/day for RCP8.5, from -0.6 to 3.5 mm/day for RCP4.5, and from -2.0 to
6.2 mm/day for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual increases for RCP8.5 is between
0.3 and 14.0 mm/day, for RCP4.5 between -0.1 and 5.2 mm/day, and for RCP2.6 between
-1.2 and 5.4 mm/day.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs an increase in the annual 95th percentile of precipitation on wet days is
st
projected for the end of the 21 century.
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Projected changes in
precipitation-based indices
99th percentile of precipitation on wet days

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual increases for RCP8.5 is between
-4.4 and 39.2 mm/day, for RCP4.5 between -0.8 and 12.1 mm/day, and for RCP2.6
between -3.3 and 18.5 mm/day.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -5.8 to 16.4 mm/day for RCP8.5, from -1.4 to 12.6 mm/day for RCP4.5, and from -6.1
to 23.6 mm/day for RCP2.6.

RCP8.5

For all three RCPs an increase in the annual 99th percentile of precipitation on wet days is
projected for the end of the 21st century.

Projected changes in
other indices
Wind speed

12

The bandwidth of projected annual changes for the middle of the 21st century spans
from -0.08 to 0.08 m/s for RCP8.5, from -0.1 to 0.06 m/s for RCP4.5, and from -0.11 to
0.06 m/s for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual changes for RCP8.5 is between
-0.17 and 0.08 m/s, for RCP4.5 between -0.18 and 0.07 m/s, and for RCP2.6 between
-0.11 and 0.06 m/s.

RCP8.5

RCP4.5

RCP2.6

For the three different RCPs no clear change in the annual wind speed is projected for the
end of the 21st century.
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Projected changes in
other indices

Climatic water balance (precipitation minus evaporation)

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual changes for RCP8.5 is between
-0.53 and -0.02 mm/day, for RCP4.5 between -0.2 and -0.01 mm/day, and for RCP2.6
between -0.11 and 0.19 mm/day.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -0.29 to 0.03 mm/day for RCP8.5, from -0.17 to -0.02 mm/day for RCP4.5, and from
-0.23 to 0.07 mm/day for RCP2.6.

RCP8.5

For most of the simulations, a decrease in the annual climatic water balance is projected
st
for the end of the 21 century.

Sultriness

The bandwidth of projected annual changes for the middle of the 21st century spans
from 0.1 to 18.62 sultriness days for RCP8.5, from 0.02 to 10.18 sultriness days for
RCP4.5, and from 0.0 to 8.65 sultriness days for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual increases for RCP8.5 is between
0.38 and 44.97 sultriness days, for RCP4.5 between 0.04 and 17.26 sultriness days, and
for RCP2.6 between 0.0 and 11.83 sultriness days.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs an increase in the annual number of sultriness days is projected for the
st
end of the 21 century.
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RCP2.6

RCP4.5

RCP8.5

Overview
temperature-based indices

14

projected

minimum to maximum

minimum to maximum

climate changes

2036-2065

2071-2100

temperature [°C]

1.85 to 3.37

3.55 to 5.84

number of summer days [days/year]

22.33 to 40.88

46.72 to 71.42

number of hot days [days/year]

12.98 to 44.82

31.23 to 79.13

number of tropical nights [nights/year]

3.52 to 46.33

13.74 to 80.37

maximum duration of heat waves [days]

3.79 to 41.05

10.79 to 65.96

number of days > 5 °C [days/year]

14.28 to 41.59

25.53 to 68.89

number of heating degree days [HDD]

-642.82 to -329.99

-1068.06 to -649.23

number of frost days [days/year]

-42.38 to -8.82

-68.21 to -14.70

number of spring frost days [days/year]

-5.78 to -0.22

-9.10 to -0.36

temperature [°C]

1.35 to 2.48

1.73 to 3.44

number of summer days [days/year]

16.66 to 30.26

22.71 to 42.91

number of hot days [days/year]

9.05 to 31.02

11.32 to 44.52

number of tropical nights [nights/year]

1.67 to 30.32

2.60 to 41.43

maximum duration of heat waves [days]

3.01 to 22.85

2.75 to 28.16

number of days > 5 °C [days/year]

13.76 to 33.87

11.97 to 45.78

number of heating degree days [HDD]

-524.53 to -288.66

-728.82 to -260.12

number of frost days [days/year]

-35.50 to -8.62

-47.20 to -7.75

number of spring frost days [days/year]

-4.17 to -0.08

-6.13 to -0.18

temperature [°C]

0.86 to 2.23

0.83 to 2.25

number of summer days [days/year]

7.72 to 25.89

5.96 to 26.61

number of hot days [days/year]

3.48 to 27.34

2.75 to 29.31

number of tropical nights [nights/year]

1.05 to 26.37

0.64 to 27.42

maximum duration of heat waves [days]

1.63 to 19.87

0.71 to 25.50

number of days > 5 °C [days/year]

9.09 to 32.89

6.32 to 34.82

number of heating degree days [HDD]

-508.54 to -173.94

-518.75 to -148.33

number of frost days [days/year]

-34.31 to -4.84

-37.07 to -4.62

number of spring frost days [days/year]

-4.19 to 0.06

-4.98 to -0.02
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RCP2.6

RCP4.5

RCP8.5

Overview
precipitation-based indices

projected

minimum to maximum

minimum to maximum

climate changes

2036-2065

2071-2100

precipitation [%]

-28.00 to 8.28

-38.11 to 3.92

number of days with precipitation > 20 mm [days/year]

-1.96 to 1.63

-4.06 to 2.23

number of dry days [days/year]

0.78 to 20.60

1.30 to 35.91

number of wet days [days/year]

-20.60 to -0.78

-35.91 to -1.33

p95th [mm/day]

0.04 to 6.89

0.30 to 13.99

p99th [mm/day]

-5.84 to 16.42

-4.39 to 39.24

precipitation [%]

-14.76 to 3.08

-19.11 to 3.59

number of days with precipitation > 20 mm [days/year]

-1.41 to 0.88

-1.18 to 0.86

number of dry days [days/year]

0.48 to 15.19

-1.33 to 14.18

number of wet days [days/year]

-15.19 to -0.48

-15.18 to 1.30

p95th [mm/day]

-0.60 to 3.48

-0.14 to 5.17

p99th [mm/day]

-1.38 to 12.58

-0.78 to 12.12

precipitation [%]

-16.00 to 8.03

-11.08 to 8.52

number of days with precipitation > 20 mm [days/year]

-1.75 to 0.85

-0.94 to 1.83

number of dry days [days/year]

0.20 to 14.29

-0.37 to 13.94

number of wet days [days/year]

-14.29 to -0.20

-13.97 to 0.33

p95th [mm/day]

-1.97 to 6.17

-1.17 to 5.43

p99th [mm/day]

-6.09 to 23.58

-3.31 to 18.53
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RCP2.6

RCP4.5

RCP8.5

Overview
other indices

projected

minimum to maximum

minimum to maximum

climate changes

2036-2065

2071-2100

wind speed [m/s]

-0.08 to 0.08

-0.17 to 0.08

climatic water balance [mm/day]

-0.29 to 0.03

-0.53 to -0.02

number of sultriness days [days/year]

0.10 to 18.62

0.38 to 44.97

wind speed [m/s]

-0.10 to 0.06

-0.18 to 0.07

climatic water balance [mm/day]

-0.17 to -0.02

-0.20 to -0.01

number of sultriness days [days/year]

0.02 to 10.18

0.04 to 17.26

wind speed [m/s]

-0.11 to 0.06

-0.11 to 0.06

climatic water balance [mm/day]

-0.23 to 0.07

-0.11 to 0.19

number of sultriness days [days/year]

0.00 to 8.65

0.00 to 11.83

Expert judgement on the robustness of the projections
To judge on the robustness of the projected changes, the agreement of the projections on the sign of the
st
projected changes for the end of the 21 century, as well as the statistical significance of the changes
projected by each single simulation is taken into account. Statistical significance is calculated using the
Mann-Whitney test (respectively U-test), which is applied for each model simulation individually. The
Null-Hypothesis is formulated to test the distribution of the annual values of the respective index in future
climate against their distribution in today's (reference) climate, assuming a confidence level of 0.9.

Increase is assigned in case that the majority of the simulations (>66%) project future increases of the
climate index, with a majority projecting significant increases.
Decrease is assigned in case that the majority of the simulations (>66%) project future decreases of
the climate index, with a majority projecting significant decreases.
Tendency towards an increase is assigned in case that the majority of the simulations (>66%) project
future increases of the climate index, with no majority projecting significant increases.
Tendency towards a decrease is assigned in case that the majority of the simulations (>66%) project
future decreases of the climate index, with no majority projecting significant decreases.
Unclear: The majority of the simulations project significant changes (increases or decreases), but there
is no agreement on a specific direction of the change.
No Changes: The majority of the simulations project only non-significant changes and there is no
majority (>66%) agreeing on a specific direction of the change.
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Reading the climate change figures
2

3
1
4

5

2
Time series diagram

Boxplot diagram

1

Scale and units of the projected changes for the respective index.

2

Time scale: years for the time series diagram and 30-year periods for the boxplot diagrams.

3

Legend for the time series and boxplot diagrams. Colors are indicating the underlying
emission scenarios, where RCP denotes Representative Concentration Pathways.
RCP8.5: Pathway for a "worst case" scenario with high greenhouse gas emissions. RCP4.5:
"medium mitigation" scenario, with medium amount of greenhouse gas emissions. RCP2.6:
"stringent mitigation" scenario, with smaller or even negative greenhouse gas emissions. The
numbers in brackets indicate the number of simulations entering the analysis for the
respective index and scenario. As some variables are not provided for all model simulations,
the numbers slightly differ for some of the indices from the total number of simulations
available.

4

The time series diagram shows the projected 30-year running mean changes in the
respective index with respect to the climate reference period of 1971 to 2000. The values are
th
centered around the 15 year of each 30-year period, i.e. each value represents the mean
value of the 30 years around this year. Each line belongs to a specific model simulation. The
color-coding corresponds to the three different emission scenarios (as indicated in the
legend). In addition, the shaded color background for each RCP encloses the minimum and
maximum projected changes.

5

In the boxplot diagram the range of the projected changes is shown for two specific time
st
periods relative to the climate reference period of 1971 to 2000: The middle of the 21
st
century is represented by the years 2036 to 2065, the end of the 21 century by the period
from 2070 to 2099. The bars show some characteristics of the ensemble of projections.
Maximum
80%
Median
20%
Minimum

The total range of projections is found between the minimum and
maximum value indicated in the bars. The median denotes the
simulation of which the value of projected change is located in the
center of the entire bandwith of the ensemble. In addition, those values
are marked where 20% of the ensemble project changes below or
above this value.

Red color stands for the worst case scenario (RCP8.5), RCP4.5 is given in blue and RCP2.6
in gray colors.
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Definition of the climate indices
Parameter

18

Definition

Temperature

Defined as the temperature in 2 m height above surface. The seasonal
temperatures are based on the meteorological calendar, i.e. spring covers March,
April and May, summer is calculated as mean of the months June, July, August,
autumn temperature is calculated from September, October, and November values,
and winter from December, January, and February.

Summer days

Number of days per year with daily maximum temperatures of at least 25 °C

Hot days

Number of days per year with daily maximum temperatures of at least 30 °C

Tropical nights

Number of days per year with daily minimum temperatures of at least 20 °C

Duration of heat
waves

Maximum annual duration [in days] of consecutive days with daily maximum
temperatures of at least 30 °C

Days > 5 °C

Number of days per year with a daily average temperature above 5 °C

Heating degree
days

The total amount of heating degree days per year can be used as measure for the
need of heating per year. Heating degree days are defined using a temperature
threshold (here 15 °C), below which heating is needed. It is calculated by summing
up the daily differences of temperature and the threshold when temperatures are
below the threshold. It is given in units of HDD.

Frost days

Number of days per year with daily minimum temperatures below 0 °C

Spring frost
days

Number of days between 1st of April and 31st of May with a daily minimum
temperature below 0 °C

Annual and
seasonal
precipitation

The sum of annual and seasonal precipitation is calculated from daily precipitation
sums. It contains liquid as well as solid precipitation (rain and snow). The seasonal
precipitation sums are based on the meteorological calendar, i.e. spring
precipitation covers March, April and May, summer precipitation sums up months
June, July, August, autumn precipitation is calculated from September, October,
and November values, and winter precipitation sums up the months December,
January, and February.

Precipitation >
20 mm/day

Number of days per year with daily precipitation (rain and snow) higher than 20 mm

Dry days

Number of days per year with daily precipitation (rain and snow) lower than 1 mm

Wet days

Number of days per year with daily precipitation (rain and snow) of at least 1 mm

95th percentile
of precipitation

Value of total daily precipitation that is exceeded on five percent of all wet days per
year

99th percentile
of precipitation

Value of total daily precipitation that is exceeded on one percent of all wet days per
year

Wind speed

Mean annual wind speed in m/s

Climatic water
balance

Difference between annual precipitation and annual evaporation in mm/day

Sultriness days

Number of days per year with daily values of vapor pressure greater than 18.8 hPa.
The vapor pressure is calculated based on daily values of the near-surface air
temperature and the relative humidity using the Magnus Formula.
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Background information
Data sources for the information on observed climate
E-OBS
gridded
observational
dataset
(V19.0e,
temporal/spatial
resolution:
daily/0.1°,
http://surfobs.climate.copernicus.eu/dataaccess/access_eobs.php), as well as C3S, Copernicus Climate Change Service (2017): ERA5: Fifth
generation of ECMWF atmospheric reanalyses of the global climate. Copernicus Climate Change Service Climate Data Store (CDS).
Access: https://cds.climate.copernicus.eu/.

Data sources for the climate projections
The projected climate changes presented in this Climate Fact Sheet are based on regional climate projections, which are presented in the
framework of the EURO-COREX initiative (http://www.euro-cordex.net) as well as on regional climate projections provided by the
ReKliEs-DE project, funded by the German Ministry of Research and Education (http://reklies.hlnug.de). The climate projections in this Fact
Sheet are based on the Representative Concentration Pathways (RCPs), of which the RCP8.5 represents a worst case scenario, RCP4.5 a
medium mitigation scenario, and RCP2.6 a stringent mitigation scenario. 51 climate projections were obtained in August 2018 from the
ESGF data portal via the data node at the German Climate Computing Centre (https://esgf-data.dkrz.de). Of these, 16 simulations for the
stringent mitigation scenario (RCP2.6), 13 simulations for the medium mitigation scenario (RCP4.5) and 22 simulations for the worst case
emission scenario (RCP8.5) are available. The table below provides an overview of the regional climate models and their respective global
forcing data. The EURO-CORDEX simulations are available on a grid with a spatial horizontal resolution of 12 km x 12 km. The climate
change signals for the different variables presented in this Climate Fact Sheet are calculated as the weighted mean value for all grid cells
located in this region.
worst case scenario (RCP8.5)

medium mitigation scenario (RCP4.5)

driving GCM
and realization

RCM,
version
number

driving GCM
and realization

RCM,
number

CanESM2, r1i1p1

CCLM4-8-17, v1

EC-EARTH, r12i1p1

CanESM2, r1i1p1

REMO2015, v1

EC-EARTH, r12i1p1

EC-EARTH, r12i1p1

CCLM4-8-17, v1

EC-EARTH, r12i1p1

REMO2015, v1

EC-EARTH, r12i1p1

version

stringent mitigation scenario (RCP2.6)
driving GCM
and realization

RCM,
number

version

CCLM4-8-17, v1

EC-EARTH, r12i1p1

CCLM4-8-17, v1

RCA4, v1

EC-EARTH, r12i1p1

RCA4, v1

EC-EARTH, r12i1p1

RACMO22E, v1

EC-EARTH, r12i1p1

REMO2015, v1

EC-EARTH, r1i1p1

RACMO22E, v1

EC-EARTH, r12i1p1

RACMO22E, v1

RACMO22E, v1

EC-EARTH, r3i1p1

HIRHAM5, v2

EC-EARTH, r3i1p1

HIRHAM5, v2

EC-EARTH, r12i1p1

RCA4, v1

HadGEM2, r1i1p1

CCLM4-8-17, v1

GFDL-ESM2G, r1i1p1

REMO2015, v1

EC-EARTH, r1i1p1

RACMO22E, v1

HadGEM2, r1i1p1

RACMO22E, v2

HadGEM2, r1i1p1

RACMO22E, v2

EC-EARTH, r1i1p1

WRF361H, v1

HadGEM2, r1i1p1

RCA4, v1

HadGEM2, r1i1p1

REMO2015, v1

EC-EARTH, r3i1p1

HIRHAM5, v2

IPSL-CM5A-MR, r1i1p1 RCA4, v1

HadGEM2, r1i1p1

RCA4, v1

HadGEM2, r1i1p1

CCLM4-8-17, v1

MPI-ESM-LR, r1i1p1

CCLM4-8-17, v1

IPSL-CM5A-LR, r1i1p1 REMO2015, v1

HadGEM2, r1i1p1

RACMO22E, v2

MPI-ESM-LR, r1i1p1

REMO2009, v1

MIROC5, r1i1p1

REMO2015, v1

HadGEM2, r1i1p1

RCA4, v1

MPI-ESM-LR, r1i1p1

RCA4, v1a

MPI-ESM-LR, r1i1p1

REMO2009, v1

HadGEM2, r1i1p1

REMO2015, v1

MPI-ESM-LR, r2i1p1

REMO2009, v1

MPI-ESM-LR, r1i1p1

CCLM4-8-17, v1

HadGEM2, r1i1p1

WRF361H, v1

MPI-ESM-LR, r1i1p1

RCA4, v1a

IPSL-CM5A-MR, r1i1p1 RCA4, v1

MPI-ESM-LR, r1i1p1

WRF361H, v1

MPI-ESM-LR, r1i1p1

CCLM4-8-17, v1

MPI-ESM-LR, r2i1p1

REMO2009, v1

MPI-ESM-LR, r1i1p1

REMO2009, v1

MPI-ESM-LR, r1i1p1

RCA4, v1a

MPI-ESM-LR, r1i1p1

WRF361H, v1

MPI-ESM-LR, r2i1p1

REMO2009, v1

MIROC5, r1i1p1

CCLM4-8-17, v1

MIROC5, r1i1p1

REMO2015, v1

Disclaimer: This Climate Fact Sheet was developed in the frame of the project OPERANDUM (OPEn-air laboRAtories for Nature baseD
solUtions to Manage hydro-meteo risks) . This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 776848. The content provided in this Fact Sheet and the underlying data correspond to
the current state of knowledge. All data have been carefully prepared and checked by the Climate Service Center Germany (GERICS).
However, GERICS has only carried out part of the regional climate projections itself. All climate projections not carried out by GERICS were
obtained from the publicly accessible ESGF data archive. GERICS does not take over guarantee for the topicality, correctness,
completeness or quality of the provided information. GERICS also assumes no liability for decisions and their consequences, which are
based on the use of this Climate Fact Sheet.

This project has received funding from the European Union's Horizon 2020
research and innovation programme under grant agreement No 776848
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Climate Fact Sheet
Open-Air Laboratory Ireland

At a glance
The Climate Fact Sheet provides brief and concise information on possible future climate developments for the
Open-Air Laboratory Ireland in the 21st century. They are based on the results of 51 regional climate model
simulations, which are based on the Representative Concentration Pathways (RCPs). RCP8.5 represents a
worst case scenario, RCP4.5 a medium mitigation scenario, and RCP2.6 a stringent mitigation scenario. 18
different indices for climate change are presented, which are relevant for various societal sectors. They are
supplemented by an expert judgement of the reliability of the shown changes. The relationship to the climate of
the near past is illustrated by some of the key figures calculated from observation data for the Open-Air
Laboratory Ireland. At the end of the 21st century, the annual mean near-surface temperature is projected to
increase between 0.0 °C and 1.4 °C in RCP2.6, between 1.1 °C and 2.5 °C in RCP4.5, and between 1.7 °C and
3.8 °C in RCP8.5; these increases are robust for all scenarios. For the annual precipitation at the end of the 21st
century the projections show changes between -7.4 % and 12.5 % for RCP2.6, between -3.0 % and 8.2 % for
RCP4.5, and between -16.3 % and 17.4 % for RCP8.5. For annual precipitation, none of the projected changes
for the end of the 21st century are robust.
Projected Climate Changes for the end of the 21st century
Parameter

Worst case scenario

Medium mitigation scenario

Stringent mitigation scenario

Details

temperature

increase

increase

increase

pp. 5, 14

summer days

increase

increase

increase

pp. 5, 14

hot days

increase

tendency towards increase

tendency towards increase

pp. 6, 14

tropical nights

increase

tendency towards increase

tendency towards increase

pp. 6, 14

duration of heat waves

increase

tendency towards increase

tendency towards increase

pp. 7, 14

days > 5 °C

increase

increase

increase

pp. 7, 14

heating degree days

decrease

decrease

decrease

pp. 8, 14

frost days

decrease

decrease

decrease

pp. 8, 14

spring frost days

decrease

decrease

decrease

pp. 9, 14

precipitation

no changes

no changes

tendency towards increase

pp. 9, 14

precipitation > 20 mm

increase

tendency towards increase

tendency towards increase

pp. 10, 15

dry days

increase

tendency towards increase

no changes

pp. 10, 15

wet days

decrease

tendency towards decrease

no changes

pp. 11, 15

p95th

increase

increase

tendency towards increase

pp. 11, 15

p99th

increase

tendency towards increase

tendency towards increase

pp. 12, 15

wind speed

decrease

decrease

tendency towards decrease

pp. 12, 16

water balance

no changes

no changes

no changes

pp. 13, 16

sultriness

increase

increase

increase

pp. 13, 16
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Today's climate and observed
changes
Climate indices for today's climate for the region Open-Air Laboratory Ireland
The Open-Air Laboratory Ireland is chosen to be the Ringsend area in Dublin, located at the lower part of the
Dodder river basin. Dublin has a maritime climate, characterized by mild winters, cool summers, and few
extreme temperatures. For the region of the Open-Air Laboratory Ireland, data has been extracted from the
longterm daily gridded observational data E-OBS (V19.0e). Together with the ERA5 reanalysis data, these are
used as present day climate reference. The figures below show the representation of the Open-Air Laboratory
Ireland (red line) for the E-OBS V19.0e grid on the left and the ERA5 grid on the right. The numbers in blue give
the share of the gridboxes contributing to the regional mean values. For the region indicated in the two figures,
climate indices for the period of 1971 to 2000 (E-OBS) and 1989 to 2018 (ERA5) are derived from the respective
dataset.

E-OBS ( 1971-2000 )

ERA5 ( 1989-2018 )

summer days [days/year]

1

0

hot days [days/year]

0

0

tropical nights [days/year]

0

0

days > 5 °C [days/year]

291

309

frost days [days/year]

41

15

spring frost days [days/year]

4

1

2.9

2.6

7

3

dry days [days/year]

199

193

wet days [days/year]

167

170

precipitation [mm/day]
precipitation > 20 mm [days/year]

Observed changes in the past and recent climate for Open-Air Laboratory Ireland
For the period of 1950 to 2010, an increase of the annual mean temperature of about 0.02 °C/year can be
derived from E-OBS (V19.0e). For the more recent period of 1980 to 2010, the increase is about 0.03 °C/year.
The lowest annual mean temperature recorded since 1950 in the series of measurements for E-OBS (V19.0e)
was in the year 1963 with 7.8 °C, the highest value in the year 2006 with 10.0 °C.
For the annual mean precipitation, the measurements do not show any clear trends during the course of the 21st
century. The lowest annual precipitation values since 1950 in E-OBS (V19.0e) were recorded in the year 2005
with 663 mm, the highest values in 1960 with 1452 mm.
Data source for the information on observed climate: E-OBS gridded observational dataset (V19.0e, temporal/spatial resolution:
daily/0.1°, http://surfobs.climate.copernicus.eu/dataaccess/access_eobs.php), as well as C3S, Copernicus Climate Change Service
(2017): ERA5: Fifth generation of ECMWF atmospheric reanalyses of the global climate. Copernicus Climate Change Service Climate
Data Store (CDS). Access: https://cds.climate.copernicus.eu/. Daily values of mean, minimum and maximum temperature as well as daily
mean precipitation were selected.
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Projected
climate changes
The projected changes shown in this Climate Fact Sheet are based on an ensemble of climate projections which
were created in the context of the EURO-CORDEX initiative as well as on regional climate projections provided
by the ReKliEs-DE project, funded by the German Ministry of Research and Education (see page 19 for more
information). Climate projections give possible future pathways of climate for the coming decades, based on
scenarios for the development of global population, the economy, and technological development, resulting in
different concentrations of greenhouse gases in the atmosphere. Here, projections are based on three different
Representative Concentration Pathways (RCPs). RCP8.5 represents a worst case scenario, RCP4.5 a medium
mitigation scenario, and RCP2.6 a stringent mitigation scenario. The global climate projections are regionally
refined by regional climate models. All EURO-CORDEX and ReKliEs-DE simulations are stored on a common
grid with a horizontal grid resolution of about 12 x 12 km. The projected changes for the Open-Air Laboratory
Ireland are calculated as a weighted average of all grid cells that fall within the OAL, in the same way as was
done for the observed data. Projected changes are calculated from a baseline period of 1971 to 2000 for two
future time periods 2036 to 2065, and 2070 to 2099.
Mean changes for the period 2070 - 2099 relative to 1971 - 2000
Summer precipitation

Winter precipitation

Annual temperature

Summer precipitation

Winter precipitation

Annual temperature

Summer precipitation

Winter precipitation

RCP2.6

RCP4.5

RCP8.5

Annual temperature
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Projected
climate changes

Representation of the Open-Air Laboratory Ireland on the rotated grid of the climate projections

All model simulations used in this Climate Fact
Sheet were realized on a common grid defined by
the EURO-CORDEX initiative. To keep the grid
box sizes as equal as possible, the position of the
poles has been rotated in the simulations, so that
the equator crosses the EURO-CORDEX domain.
Consequently, the grid shown in the figure on the
right is rotated compared to the ERA5 and
E-OBS-v19.0 grids. Moreover, the coordinates of
the grid were homogenized among the different
RCMs, but the fixed surface fields such as
land-sea distribution and model orography were
not necessarily homogenized. The figure to the
right shows the region for which the data from the
regional climate projections were extracted for the
Open-Air Laboratory Ireland. The respective
weight of the grid boxes within the region are given
accordingly. The background shows the fractional
land-sea distribution as it is used for the
simulations
done
with
REMO2009
and
REMO2015.

Symbols of the expert judgement on the robustness of the projections
Increase: The majority of the simulations
project significant increases

Tendency towards an increase: The
majority of the simulations project
non-significant increases

Decrease : The majority of the simulations
project significant decreases

Tendency towards a decrease: The
majority of the simulations project
non-significant decreases

Unclear: The majority of the simulations
project significant changes, but do not
agree on the direction of change

No changes: The majority of the
simulations project non-significant changes,
with no preferred direction of change

Please consider:
Each climate index presented on the following pages is complemented by an expert judgement on the
robustness of the projected changes, which is described in more detail on page 16. The definition of
each climate index is given on page 18. Their graphical representation is explained on page 17. These
information are necessary for the understanding of the figures. All climate indices are displayed with the
identical method. Together with the figures, the projected annual changes for each index for the middle
and the end of the 21st century are provided as short narratives.
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Projected changes in
temperature-based indices

Annual and seasonal temperature

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual increases for RCP8.5 is between
1.7 and 3.8 °C, for RCP4.5 between 1.1 and 2.5 °C, and for RCP2.6 between 0.0 and
1.4 °C.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from 0.8 to 2.3 °C for RCP8.5, from 0.5 to 1.9 °C for RCP4.5, and from 0.1 to 1.3 °C for
RCP2.6.

RCP8.5

For all three RCPs an increase in the annual temperature is projected for the end of the
st
21 century.

Summer days

The bandwidth of projected annual changes for the middle of the 21st century spans
from 0 to 10 days/year for RCP8.5, from 0 to 6 days/year for RCP4.5, and from -1 to
4 days/year for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual increases for RCP8.5 is between 0
and 30 days/year, for RCP4.5 between 0 and 9 days/year, and for RCP2.6 between 0 and
5 days/year.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs an increase in the annual number of summer days is projected for the
st
end of the 21 century.
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Projected changes in
temperature-based indices

Hot days

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual increases for RCP8.5 is between
0.0 and 3.4 days/year, for RCP4.5 between 0.0 and 0.3 days/year, and for RCP2.6
between 0.0 and 0.4 days/year.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from 0.0 to 0.8 days/year for RCP8.5, from 0.0 to 0.6 days/year for RCP4.5, and from 0.0
to 0.1 days/year for RCP2.6.

RCP8.5

For all three RCPs an increase in the annual number of hot days is projected for the end of
st
the 21 century.

Tropical nights

6

The bandwidth of projected annual changes for the middle of the 21st century spans
from 0.0 to 4.64 nights/year for RCP8.5, from 0.0 to 2.47 nights/year for RCP4.5, and from
0.0 to 0.86 nights/year for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual increases for RCP8.5 is between
0.0 and 17.46 nights/year, for RCP4.5 between 0.0 and 4.14 nights/year, and for RCP2.6
between 0.0 and 0.64 nights/year.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs an increase in the annual number of tropical nights is projected for the
st
end of the 21 century.
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Projected changes in
temperature-based indices

Duration of heat waves

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual increases for RCP8.5 is between
0.0 and 1.68 days, for RCP4.5 between 0.0 and 0.23 days, and for RCP2.6 between -0.01
and 0.23 days.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from 0.0 to 0.61 days for RCP8.5, from 0.0 to 0.54 days for RCP4.5, and from -0.03 to
0.07 days for RCP2.6.

RCP8.5

For all three RCPs an increase in the annual maximum duration of heat waves is projected
st
for the end of the 21 century.

Days warmer than 5 °C

The bandwidth of projected annual changes for the middle of the 21st century spans
from 20 to 42 days/year for RCP8.5, from 9 to 36 days/year for RCP4.5, and from 2 to
27 days/year for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual increases for RCP8.5 is between 35
and 70 days/year, for RCP4.5 between 23 and 46 days/year, and for RCP2.6 between -1
and 27 days/year.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs an increase in the annual number of days > 5 °C is projected for the
st
end of the 21 century.
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Projected changes in
temperature-based indices

Heating degree days

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual changes for RCP8.5 is between
-1005 and -545 HDD, for RCP4.5 between -688 and -324 HDD, and for RCP2.6 between
-440 and 12 HDD.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -609 to -280 HDD for RCP8.5, from -521 to -139 HDD for RCP4.5, and from -434 to
-47 HDD for RCP2.6.

RCP8.5

For all three RCPs a decrease in the annual number of heating degree days is projected
st
for the end of the 21 century.

Frost days

8

The bandwidth of projected annual changes for the middle of the 21st century spans
from -36 to -10 days/year for RCP8.5, from -27 to -6 days/year for RCP4.5, and from -26
to -1 days/year for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual changes for RCP8.5 is between -55
and -15 days/year, for RCP4.5 between -40 and -11 days/year, and for RCP2.6 between
-30 and 3 days/year.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs a decrease in the annual number of frost days is projected for the end
st
of the 21 century.
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Projected changes in
temperature-based indices
Spring frost days

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual changes for RCP8.5 is between -8
and 0 days/year, for RCP4.5 between -7 and 0 days/year, and for RCP2.6 between -5 and
0 days/year.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -6 to 0 days/year for RCP8.5, from -5 to 0 days/year for RCP4.5, and from -4 to
0 days/year for RCP2.6.

RCP8.5

For all three RCPs a decrease in the annual number of spring frost days is projected for
the end of the 21st century.

Projected changes in
precipitation-based indices

Annual and seasonal precipitation

The bandwidth of projected annual changes for the middle of the 21st century spans
from -8.0 to 8.0 % for RCP8.5, from -4.4 to 6.5 % for RCP4.5, and from -7.2 to 14.1 % for
RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual changes for RCP8.5 is between
-16.3 and 17.4 %, for RCP4.5 between -3.0 and 8.2 %, and for RCP2.6 between -7.4 and
12.5 %.

RCP8.5

RCP4.5

RCP2.6

For the three different RCPs no clear change in the annual precipitation is projected for the
st
end of the 21 century.
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Projected changes in
precipitation-based indices

Days with precipitation > 20 mm/day

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual increases for RCP8.5 is between
0.2 and 3.5 days/year, for RCP4.5 between 0.3 and 2.1 days/year, and for RCP2.6
between -0.8 and 3.5 days/year.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -1.1 to 1.7 days/year for RCP8.5, from -0.8 to 2.2 days/year for RCP4.5, and from
-0.4 to 1.9 days/year for RCP2.6.

RCP8.5

For all three RCPs an increase in the annual number of days with precipitation exceeding
st
20 mm is projected for the end of the 21 century.

Dry days (precipitation < 1 mm/day)

10

The bandwidth of projected annual changes for the middle of the 21st century spans
from -4 to 25 days/year for RCP8.5, from -5 to 12 days/year for RCP4.5, and from -8 to
20 days/year for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual changes for RCP8.5 is between -3
and 42 days/year, for RCP4.5 between -3 and 13 days/year, and for RCP2.6 between -5
and 30 days/year.

RCP8.5

RCP4.5

RCP2.6

For most of the simulations, an increase in the annual number of dry days is projected for
st
the end of the 21 century.

Climate Fact Sheet
OAL-Ireland

OPEn-air laboRAtories for Nature baseD solUtions to Manage hydro-meteo risks

Projected changes in
precipitation-based indices
Wet days (precipitation ≥ 1 mm/day)

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual changes for RCP8.5 is between -42
and 3 days/year, for RCP4.5 between -14 and 2 days/year, and for RCP2.6 between -30
and 5 days/year.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -25 to 4 days/year for RCP8.5, from -12 to 5 days/year for RCP4.5, and from -20 to
8 days/year for RCP2.6.

RCP8.5

For most of the simulations, a decrease in the annual number of wet days is projected for
st
the end of the 21 century.

95th percentile of precipitation on wet days

The bandwidth of projected annual changes for the middle of the 21st century spans
from -0.2 to 3.0 mm/day for RCP8.5, from -0.3 to 1.7 mm/day for RCP4.5, and from -0.2 to
2.8 mm/day for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual increases for RCP8.5 is between
1.1 and 5.5 mm/day, for RCP4.5 between 0.5 and 2.8 mm/day, and for RCP2.6 between
-0.4 and 3.5 mm/day.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs an increase in the annual 95th percentile of precipitation on wet days is
st
projected for the end of the 21 century.
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Projected changes in
precipitation-based indices
99th percentile of precipitation on wet days

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual increases for RCP8.5 is between
0.4 and 10.5 mm/day, for RCP4.5 between -0.7 and 5.5 mm/day, and for RCP2.6 between
-0.3 and 6.3 mm/day.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -0.9 to 8.0 mm/day for RCP8.5, from -0.7 to 4.5 mm/day for RCP4.5, and from -1.4 to
9.7 mm/day for RCP2.6.

RCP8.5

For all three RCPs an increase in the annual 99th percentile of precipitation on wet days is
projected for the end of the 21st century.

Projected changes in
other indices
Wind speed

12

The bandwidth of projected annual changes for the middle of the 21st century spans
from -0.25 to 0.02 m/s for RCP8.5, from -0.14 to 0.04 m/s for RCP4.5, and from -0.1 to
-0.03 m/s for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual changes for RCP8.5 is between
-0.32 and -0.06 m/s, for RCP4.5 between -0.18 and -0.04 m/s, and for RCP2.6 between
-0.2 and 0.0 m/s.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs a decrease in the annual wind speed is projected for the end of the 21st
century.
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Projected changes in
other indices

Climatic water balance (precipitation minus evaporation)

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual changes for RCP8.5 is between
-0.22 and 0.22 mm/day, for RCP4.5 between -0.23 and 0.11 mm/day, and for RCP2.6
between -0.2 and 0.3 mm/day.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -0.19 to 0.11 mm/day for RCP8.5, from -0.21 to 0.1 mm/day for RCP4.5, and from
-0.26 to 0.24 mm/day for RCP2.6.

RCP8.5

For the three different RCPs no clear change in the annual climatic water balance is
st
projected for the end of the 21 century.

Sultriness

The bandwidth of projected annual changes for the middle of the 21st century spans
from 0.01 to 14.98 sultriness days for RCP8.5, from 0.04 to 7.9 sultriness days for
RCP4.5, and from 0.01 to 9.13 sultriness days for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual increases for RCP8.5 is between
2.52 and 41.75 sultriness days, for RCP4.5 between 0.11 and 15.38 sultriness days, and
for RCP2.6 between -0.1 and 8.7 sultriness days.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs an increase in the annual number of sultriness days is projected for the
st
end of the 21 century.
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RCP2.6

RCP4.5

RCP8.5

Overview
temperature-based indices

14

projected

minimum to maximum

minimum to maximum

climate changes

2036-2065

2071-2100

temperature [°C]

0.85 to 2.30

1.70 to 3.85

number of summer days [days/year]

-0.09 to 10.21

0.34 to 30.08

number of hot days [days/year]

-0.03 to 0.84

0.00 to 3.35

number of tropical nights [nights/year]

0.00 to 4.64

0.00 to 17.46

maximum duration of heat waves [days]

-0.00 to 0.61

0.00 to 1.68

number of days > 5 °C [days/year]

19.66 to 42.40

34.67 to 70.30

number of heating degree days [HDD]

-608.59 to -280.04

-1004.71 to -544.71

number of frost days [days/year]

-36.08 to -10.47

-55.30 to -15.38

number of spring frost days [days/year]

-6.04 to -0.35

-8.15 to -0.42

temperature [°C]

0.46 to 1.87

1.06 to 2.53

number of summer days [days/year]

-0.15 to 6.43

-0.14 to 8.95

number of hot days [days/year]

0.00 to 0.65

0.00 to 0.29

number of tropical nights [nights/year]

0.00 to 2.47

0.00 to 4.14

maximum duration of heat waves [days]

0.00 to 0.54

0.00 to 0.23

number of days > 5 °C [days/year]

8.97 to 35.86

22.69 to 46.37

number of heating degree days [HDD]

-521.31 to -139.34

-688.06 to -323.59

number of frost days [days/year]

-26.97 to -6.39

-39.62 to -11.20

number of spring frost days [days/year]

-4.56 to -0.31

-6.55 to -0.34

temperature [°C]

0.15 to 1.34

-0.05 to 1.36

number of summer days [days/year]

-0.53 to 4.24

-0.21 to 5.37

number of hot days [days/year]

-0.03 to 0.13

-0.01 to 0.45

number of tropical nights [nights/year]

0.00 to 0.86

0.00 to 0.64

maximum duration of heat waves [days]

-0.03 to 0.07

-0.01 to 0.23

number of days > 5 °C [days/year]

1.55 to 27.43

-0.78 to 27.34

number of heating degree days [HDD]

-434.29 to -47.36

-439.67 to 12.16

number of frost days [days/year]

-26.21 to -1.02

-29.93 to 2.95

number of spring frost days [days/year]

-3.69 to -0.30

-4.87 to -0.10
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RCP2.6

RCP4.5

RCP8.5

Overview
precipitation-based indices

projected

minimum to maximum

minimum to maximum

climate changes

2036-2065

2071-2100

precipitation [%]

-7.95 to 7.96

-16.34 to 17.37

number of days with precipitation > 20 mm [days/year]

-1.15 to 1.74

0.19 to 3.45

number of dry days [days/year]

-3.83 to 24.76

-3.41 to 41.55

number of wet days [days/year]

-24.76 to 3.83

-41.59 to 3.38

p95th [mm/day]

-0.20 to 3.03

1.12 to 5.52

p99th [mm/day]

-0.94 to 8.04

0.43 to 10.51

precipitation [%]

-4.36 to 6.53

-3.00 to 8.24

number of days with precipitation > 20 mm [days/year]

-0.82 to 2.16

0.31 to 2.12

number of dry days [days/year]

-5.30 to 12.08

-3.34 to 13.03

number of wet days [days/year]

-12.08 to 5.30

-13.63 to 2.34

p95th [mm/day]

-0.27 to 1.68

0.52 to 2.85

p99th [mm/day]

-0.67 to 4.54

-0.75 to 5.52

precipitation [%]

-7.21 to 14.07

-7.42 to 12.49

number of days with precipitation > 20 mm [days/year]

-0.42 to 1.87

-0.77 to 3.49

number of dry days [days/year]

-8.08 to 20.32

-5.18 to 29.83

number of wet days [days/year]

-20.32 to 8.08

-29.86 to 5.18

p95th [mm/day]

-0.24 to 2.81

-0.38 to 3.50

p99th [mm/day]

-1.37 to 9.66

-0.29 to 6.33
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RCP2.6

RCP4.5

RCP8.5

Overview
other indices

projected

minimum to maximum

minimum to maximum

climate changes

2036-2065

2071-2100

wind speed [m/s]

-0.25 to 0.02

-0.32 to -0.06

climatic water balance [mm/day]

-0.19 to 0.11

-0.22 to 0.22

number of sultriness days [days/year]

0.01 to 14.98

2.52 to 41.75

wind speed [m/s]

-0.14 to 0.04

-0.18 to -0.04

climatic water balance [mm/day]

-0.21 to 0.10

-0.23 to 0.11

number of sultriness days [days/year]

0.04 to 7.90

0.11 to 15.38

wind speed [m/s]

-0.10 to -0.03

-0.20 to 0.00

climatic water balance [mm/day]

-0.26 to 0.24

-0.20 to 0.30

number of sultriness days [days/year]

0.01 to 9.13

-0.10 to 8.70

Expert judgement on the robustness of the projections
To judge on the robustness of the projected changes, the agreement of the projections on the sign of the
st
projected changes for the end of the 21 century, as well as the statistical significance of the changes
projected by each single simulation is taken into account. Statistical significance is calculated using the
Mann-Whitney test (respectively U-test), which is applied for each model simulation individually. The
Null-Hypothesis is formulated to test the distribution of the annual values of the respective index in future
climate against their distribution in today's (reference) climate, assuming a confidence level of 0.9.

Increase is assigned in case that the majority of the simulations (>66%) project future increases of the
climate index, with a majority projecting significant increases.
Decrease is assigned in case that the majority of the simulations (>66%) project future decreases of
the climate index, with a majority projecting significant decreases.
Tendency towards an increase is assigned in case that the majority of the simulations (>66%) project
future increases of the climate index, with no majority projecting significant increases.
Tendency towards a decrease is assigned in case that the majority of the simulations (>66%) project
future decreases of the climate index, with no majority projecting significant decreases.
Unclear: The majority of the simulations project significant changes (increases or decreases), but there
is no agreement on a specific direction of the change.
No Changes: The majority of the simulations project only non-significant changes and there is no
majority (>66%) agreeing on a specific direction of the change.
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Reading the climate change figures
2

3
1
4

5

2
Time series diagram

Boxplot diagram

1

Scale and units of the projected changes for the respective index.

2

Time scale: years for the time series diagram and 30-year periods for the boxplot diagrams.

3

Legend for the time series and boxplot diagrams. Colors are indicating the underlying
emission scenarios, where RCP denotes Representative Concentration Pathways.
RCP8.5: Pathway for a "worst case" scenario with high greenhouse gas emissions. RCP4.5:
"medium mitigation" scenario, with medium amount of greenhouse gas emissions. RCP2.6:
"stringent mitigation" scenario, with smaller or even negative greenhouse gas emissions. The
numbers in brackets indicate the number of simulations entering the analysis for the
respective index and scenario. As some variables are not provided for all model simulations,
the numbers slightly differ for some of the indices from the total number of simulations
available.

4

The time series diagram shows the projected 30-year running mean changes in the
respective index with respect to the climate reference period of 1971 to 2000. The values are
th
centered around the 15 year of each 30-year period, i.e. each value represents the mean
value of the 30 years around this year. Each line belongs to a specific model simulation. The
color-coding corresponds to the three different emission scenarios (as indicated in the
legend). In addition, the shaded color background for each RCP encloses the minimum and
maximum projected changes.

5

In the boxplot diagram the range of the projected changes is shown for two specific time
st
periods relative to the climate reference period of 1971 to 2000: The middle of the 21
st
century is represented by the years 2036 to 2065, the end of the 21 century by the period
from 2070 to 2099. The bars show some characteristics of the ensemble of projections.
Maximum
80%
Median
20%
Minimum

The total range of projections is found between the minimum and
maximum value indicated in the bars. The median denotes the
simulation of which the value of projected change is located in the
center of the entire bandwith of the ensemble. In addition, those values
are marked where 20% of the ensemble project changes below or
above this value.

Red color stands for the worst case scenario (RCP8.5), RCP4.5 is given in blue and RCP2.6
in gray colors.
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Definition of the climate indices
Parameter

18

Definition

Temperature

Defined as the temperature in 2 m height above surface. The seasonal
temperatures are based on the meteorological calendar, i.e. spring covers March,
April and May, summer is calculated as mean of the months June, July, August,
autumn temperature is calculated from September, October, and November values,
and winter from December, January, and February.

Summer days

Number of days per year with daily maximum temperatures of at least 25 °C

Hot days

Number of days per year with daily maximum temperatures of at least 30 °C

Tropical nights

Number of days per year with daily minimum temperatures of at least 20 °C

Duration of heat
waves

Maximum annual duration [in days] of consecutive days with daily maximum
temperatures of at least 30 °C

Days > 5 °C

Number of days per year with a daily average temperature above 5 °C

Heating degree
days

The total amount of heating degree days per year can be used as measure for the
need of heating per year. Heating degree days are defined using a temperature
threshold (here 15 °C), below which heating is needed. It is calculated by summing
up the daily differences of temperature and the threshold when temperatures are
below the threshold. It is given in units of HDD.

Frost days

Number of days per year with daily minimum temperatures below 0 °C

Spring frost
days

Number of days between 1st of April and 31st of May with a daily minimum
temperature below 0 °C

Annual and
seasonal
precipitation

The sum of annual and seasonal precipitation is calculated from daily precipitation
sums. It contains liquid as well as solid precipitation (rain and snow). The seasonal
precipitation sums are based on the meteorological calendar, i.e. spring
precipitation covers March, April and May, summer precipitation sums up months
June, July, August, autumn precipitation is calculated from September, October,
and November values, and winter precipitation sums up the months December,
January, and February.

Precipitation >
20 mm/day

Number of days per year with daily precipitation (rain and snow) higher than 20 mm

Dry days

Number of days per year with daily precipitation (rain and snow) lower than 1 mm

Wet days

Number of days per year with daily precipitation (rain and snow) of at least 1 mm

95th percentile
of precipitation

Value of total daily precipitation that is exceeded on five percent of all wet days per
year

99th percentile
of precipitation

Value of total daily precipitation that is exceeded on one percent of all wet days per
year

Wind speed

Mean annual wind speed in m/s

Climatic water
balance

Difference between annual precipitation and annual evaporation in mm/day

Sultriness days

Number of days per year with daily values of vapor pressure greater than 18.8 hPa.
The vapor pressure is calculated based on daily values of the near-surface air
temperature and the relative humidity using the Magnus Formula.
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Background information
Data sources for the information on observed climate
E-OBS
gridded
observational
dataset
(V19.0e,
temporal/spatial
resolution:
daily/0.1°,
http://surfobs.climate.copernicus.eu/dataaccess/access_eobs.php), as well as C3S, Copernicus Climate Change Service (2017): ERA5: Fifth
generation of ECMWF atmospheric reanalyses of the global climate. Copernicus Climate Change Service Climate Data Store (CDS).
Access: https://cds.climate.copernicus.eu/.

Data sources for the climate projections
The projected climate changes presented in this Climate Fact Sheet are based on regional climate projections, which are presented in the
framework of the EURO-COREX initiative (http://www.euro-cordex.net) as well as on regional climate projections provided by the
ReKliEs-DE project, funded by the German Ministry of Research and Education (http://reklies.hlnug.de). The climate projections in this Fact
Sheet are based on the Representative Concentration Pathways (RCPs), of which the RCP8.5 represents a worst case scenario, RCP4.5 a
medium mitigation scenario, and RCP2.6 a stringent mitigation scenario. 51 climate projections were obtained in August 2018 from the
ESGF data portal via the data node at the German Climate Computing Centre (https://esgf-data.dkrz.de). Of these, 16 simulations for the
stringent mitigation scenario (RCP2.6), 13 simulations for the medium mitigation scenario (RCP4.5) and 22 simulations for the worst case
emission scenario (RCP8.5) are available. The table below provides an overview of the regional climate models and their respective global
forcing data. The EURO-CORDEX simulations are available on a grid with a spatial horizontal resolution of 12 km x 12 km. The climate
change signals for the different variables presented in this Climate Fact Sheet are calculated as the weighted mean value for all grid cells
located in this region.
worst case scenario (RCP8.5)

medium mitigation scenario (RCP4.5)

driving GCM
and realization

RCM,
version
number

driving GCM
and realization

RCM,
number

CanESM2, r1i1p1

CCLM4-8-17, v1

EC-EARTH, r12i1p1

CanESM2, r1i1p1

REMO2015, v1

EC-EARTH, r12i1p1

EC-EARTH, r12i1p1

CCLM4-8-17, v1

EC-EARTH, r12i1p1

REMO2015, v1

EC-EARTH, r12i1p1

version

stringent mitigation scenario (RCP2.6)
driving GCM
and realization

RCM,
number

version

CCLM4-8-17, v1

EC-EARTH, r12i1p1

CCLM4-8-17, v1

RCA4, v1

EC-EARTH, r12i1p1

RCA4, v1

EC-EARTH, r12i1p1

RACMO22E, v1

EC-EARTH, r12i1p1

REMO2015, v1

EC-EARTH, r1i1p1

RACMO22E, v1

EC-EARTH, r12i1p1

RACMO22E, v1

RACMO22E, v1

EC-EARTH, r3i1p1

HIRHAM5, v2

EC-EARTH, r3i1p1

HIRHAM5, v2

EC-EARTH, r12i1p1

RCA4, v1

HadGEM2, r1i1p1

CCLM4-8-17, v1

GFDL-ESM2G, r1i1p1

REMO2015, v1

EC-EARTH, r1i1p1

RACMO22E, v1

HadGEM2, r1i1p1

RACMO22E, v2

HadGEM2, r1i1p1

RACMO22E, v2

EC-EARTH, r1i1p1

WRF361H, v1

HadGEM2, r1i1p1

RCA4, v1

HadGEM2, r1i1p1

REMO2015, v1

EC-EARTH, r3i1p1

HIRHAM5, v2

IPSL-CM5A-MR, r1i1p1 RCA4, v1

HadGEM2, r1i1p1

RCA4, v1

HadGEM2, r1i1p1

CCLM4-8-17, v1

MPI-ESM-LR, r1i1p1

CCLM4-8-17, v1

IPSL-CM5A-LR, r1i1p1 REMO2015, v1

HadGEM2, r1i1p1

RACMO22E, v2

MPI-ESM-LR, r1i1p1

REMO2009, v1

MIROC5, r1i1p1

REMO2015, v1

HadGEM2, r1i1p1

RCA4, v1

MPI-ESM-LR, r1i1p1

RCA4, v1a

MPI-ESM-LR, r1i1p1

REMO2009, v1

HadGEM2, r1i1p1

REMO2015, v1

MPI-ESM-LR, r2i1p1

REMO2009, v1

MPI-ESM-LR, r1i1p1

CCLM4-8-17, v1

HadGEM2, r1i1p1

WRF361H, v1

MPI-ESM-LR, r1i1p1

RCA4, v1a

IPSL-CM5A-MR, r1i1p1 RCA4, v1

MPI-ESM-LR, r1i1p1

WRF361H, v1

MPI-ESM-LR, r1i1p1

CCLM4-8-17, v1

MPI-ESM-LR, r2i1p1

REMO2009, v1

MPI-ESM-LR, r1i1p1

REMO2009, v1

MPI-ESM-LR, r1i1p1

RCA4, v1a

MPI-ESM-LR, r1i1p1

WRF361H, v1

MPI-ESM-LR, r2i1p1

REMO2009, v1

MIROC5, r1i1p1

CCLM4-8-17, v1

MIROC5, r1i1p1

REMO2015, v1

Disclaimer: This Climate Fact Sheet was developed in the frame of the project OPERANDUM (OPEn-air laboRAtories for Nature baseD
solUtions to Manage hydro-meteo risks) . This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 776848. The content provided in this Fact Sheet and the underlying data correspond to
the current state of knowledge. All data have been carefully prepared and checked by the Climate Service Center Germany (GERICS).
However, GERICS has only carried out part of the regional climate projections itself. All climate projections not carried out by GERICS were
obtained from the publicly accessible ESGF data archive. GERICS does not take over guarantee for the topicality, correctness,
completeness or quality of the provided information. GERICS also assumes no liability for decisions and their consequences, which are
based on the use of this Climate Fact Sheet.

This project has received funding from the European Union's Horizon 2020
research and innovation programme under grant agreement No 776848
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At a glance
The Climate Fact Sheet provides brief and concise information on possible future climate developments for the
Open-Air Laboratory Italy in the 21st century. They are based on the results of 51 regional climate model
simulations, which are based on the Representative Concentration Pathways (RCPs). RCP8.5 represents a
worst case scenario, RCP4.5 a medium mitigation scenario, and RCP2.6 a stringent mitigation scenario. 18
different indices for climate change are presented, which are relevant for various societal sectors. They are
supplemented by an expert judgement of the reliability of the shown changes. The relationship to the climate of
the near past is illustrated by some of the key figures calculated from observation data for the Open-Air
Laboratory Italy. At the end of the 21st century, the annual mean near-surface temperature is projected to
increase between 0.7 °C and 2.2 °C in RCP2.6, between 1.7 °C and 3.2 °C in RCP4.5, and between 3.3 °C and
5.4 °C in RCP8.5; these increases are robust for all scenarios. For the annual precipitation at the end of the 21st
century the projections show changes between -2.9 % and 31.1 % for RCP2.6, between -8.3 % and 11.6 % for
RCP4.5, and between -27.7 % and 14.8 % for RCP8.5. For annual precipitation, none of the projected changes
for the end of the 21st century are robust.
Projected Climate Changes for the end of the 21st century
Parameter

Worst case scenario

Medium mitigation scenario

Stringent mitigation scenario

Details

temperature

increase

increase

increase

pp. 5, 14

summer days

increase

increase

increase

pp. 5, 14

hot days

increase

increase

increase

pp. 6, 14

tropical nights

increase

increase

increase

pp. 6, 14

duration of heat waves

increase

increase

increase

pp. 7, 14

days > 5 °C

increase

increase

increase

pp. 7, 14

heating degree days

decrease

decrease

decrease

pp. 8, 14

frost days

decrease

decrease

decrease

pp. 8, 14

spring frost days

decrease

decrease

decrease

pp. 9, 14

precipitation

no changes

tendency towards increase

tendency towards increase

pp. 9, 14

precipitation > 20 mm

tendency towards increase

tendency towards increase

tendency towards increase

pp. 10, 15

dry days

increase

tendency towards increase

tendency towards decrease

pp. 10, 15

wet days

decrease

tendency towards decrease

tendency towards increase

pp. 11, 15

p95th

increase

tendency towards increase

tendency towards increase

pp. 11, 15

p99th

increase

tendency towards increase

tendency towards increase

pp. 12, 15

wind speed

decrease

tendency towards decrease

tendency towards decrease

pp. 12, 16

water balance

tendency towards decrease

tendency towards decrease

no changes

pp. 13, 16

sultriness

increase

increase

increase

pp. 13, 16
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Today's climate and observed
changes
Climate indices for today's climate for the region Open-Air Laboratory Italy
The Open-Air Laboratory Italy consists of three different parts of the Po Valley. The climate in the Po Valley is
warm all year round and temperate with hot summers. For the region of the Open-Air Laboratory Italy, data has
been extracted from the longterm daily gridded observational data E-OBS (V19.0e). Together with the ERA5
reanalysis data, these are used as present day climate reference. The figures below show the representation of
the Open-Air Laboratory Italy (red line) for the E-OBS V19.0e grid on the left and the ERA5 grid on the right. The
numbers in blue give the share of the gridboxes contributing to the regional mean values. For the region
indicated in the two figures, climate indices for the period of 1971 to 2000 (E-OBS) and 1989 to 2018 (ERA5) are
derived from the respective dataset.

E-OBS ( 1971-2000 )

ERA5 ( 1989-2018 )

summer days [days/year]

94

89

hot days [days/year]

30

31

tropical nights [days/year]

16

47

days > 5 °C [days/year]

295

319

frost days [days/year]

50

29

spring frost days [days/year]

1

0

2.1

2.4

8

8

dry days [days/year]

281

251

wet days [days/year]

85

112

precipitation [mm/day]
precipitation > 20 mm [days/year]

Observed changes in the past and recent climate for Open-Air Laboratory Italy
For the period of 1950 to 2010, an increase of the annual mean temperature of about 0.02 °C/year can be
derived from E-OBS (V19.0e). For the more recent period of 1980 to 2010, the increase is about 0.06 °C/year.
The lowest annual mean temperature recorded since 1950 in the series of measurements for E-OBS (V19.0e)
was in the year 1956 with 11.8 °C, the highest value in the year (2000, 2003) with 14.4 °C.
For the annual mean precipitation, the measurements do not show any clear trends during the course of the 21st
century. The lowest annual precipitation values since 1950 in E-OBS (V19.0e) were recorded in the year 1988
with 501 mm, the highest values in 1951 with 1065 mm.

Data source for the information on observed climate: E-OBS gridded observational dataset (V19.0e, temporal/spatial resolution:
daily/0.1°, http://surfobs.climate.copernicus.eu/dataaccess/access_eobs.php), as well as C3S, Copernicus Climate Change Service
(2017): ERA5: Fifth generation of ECMWF atmospheric reanalyses of the global climate. Copernicus Climate Change Service Climate
Data Store (CDS). Access: https://cds.climate.copernicus.eu/. Daily values of mean, minimum and maximum temperature as well as daily
mean precipitation were selected.
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Projected
climate changes
The projected changes shown in this Climate Fact Sheet are based on an ensemble of climate projections which
were created in the context of the EURO-CORDEX initiative as well as on regional climate projections provided
by the ReKliEs-DE project, funded by the German Ministry of Research and Education (see page 19 for more
information). Climate projections give possible future pathways of climate for the coming decades, based on
scenarios for the development of global population, the economy, and technological development, resulting in
different concentrations of greenhouse gases in the atmosphere. Here, projections are based on three different
Representative Concentration Pathways (RCPs). RCP8.5 represents a worst case scenario, RCP4.5 a medium
mitigation scenario, and RCP2.6 a stringent mitigation scenario. The global climate projections are regionally
refined by regional climate models. All EURO-CORDEX and ReKliEs-DE simulations are stored on a common
grid with a horizontal grid resolution of about 12 x 12 km. The projected changes for the Open-Air Laboratory
Italy are calculated as a weighted average of all grid cells that fall within the OAL, in the same way as was done
for the observed data. Projected changes are calculated from a baseline period of 1971 to 2000 for two future
time periods 2036 to 2065, and 2070 to 2099.
Mean changes for the period 2070 - 2099 relative to 1971 - 2000
Summer precipitation

Winter precipitation

Annual temperature

Summer precipitation

Winter precipitation

Annual temperature

Summer precipitation

Winter precipitation

RCP2.6

RCP4.5

RCP8.5

Annual temperature
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Projected
climate changes

Representation of the Open-Air Laboratory Italy on the rotated grid of the climate projections

All model simulations used in this Climate Fact
Sheet were realized on a common grid defined by
the EURO-CORDEX initiative. To keep the grid
box sizes as equal as possible, the position of the
poles has been rotated in the simulations, so that
the equator crosses the EURO-CORDEX domain.
Consequently, the grid shown in the figure on the
right is rotated compared to the ERA5 and
E-OBS-v19.0 grids. Moreover, the coordinates of
the grid were homogenized among the different
RCMs, but the fixed surface fields such as
land-sea distribution and model orography were
not necessarily homogenized. The figure to the
right shows the region for which the data from the
regional climate projections were extracted for the
Open-Air Laboratory Italy. The respective weight of
the grid boxes within the region are given
accordingly. The background shows the fractional
land-sea distribution as it is used for the
simulations
done
with
REMO2009
and
REMO2015.

Symbols of the expert judgement on the robustness of the projections
Increase: The majority of the simulations
project significant increases

Tendency towards an increase: The
majority of the simulations project
non-significant increases

Decrease : The majority of the simulations
project significant decreases

Tendency towards a decrease: The
majority of the simulations project
non-significant decreases

Unclear: The majority of the simulations
project significant changes, but do not
agree on the direction of change

No changes: The majority of the
simulations project non-significant changes,
with no preferred direction of change

Please consider:
Each climate index presented on the following pages is complemented by an expert judgement on the
robustness of the projected changes, which is described in more detail on page 16. The definition of
each climate index is given on page 18. Their graphical representation is explained on page 17. These
information are necessary for the understanding of the figures. All climate indices are displayed with the
identical method. Together with the figures, the projected annual changes for each index for the middle
and the end of the 21st century are provided as short narratives.
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Projected changes in
temperature-based indices

Annual and seasonal temperature

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual increases for RCP8.5 is between
3.3 and 5.4 °C, for RCP4.5 between 1.7 and 3.2 °C, and for RCP2.6 between 0.7 and
2.2 °C.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from 1.6 to 2.9 °C for RCP8.5, from 1.3 to 2.6 °C for RCP4.5, and from 0.7 to 2.2 °C for
RCP2.6.

RCP8.5

For all three RCPs an increase in the annual temperature is projected for the end of the
st
21 century.

Summer days

The bandwidth of projected annual changes for the middle of the 21st century spans
from 19 to 44 days/year for RCP8.5, from 14 to 27 days/year for RCP4.5, and from 3 to
25 days/year for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual increases for RCP8.5 is between 43
and 75 days/year, for RCP4.5 between 17 and 37 days/year, and for RCP2.6 between 0
and 23 days/year.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs an increase in the annual number of summer days is projected for the
st
end of the 21 century.
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Projected changes in
temperature-based indices

Hot days

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual increases for RCP8.5 is between
24.8 and 73.4 days/year, for RCP4.5 between 7.4 and 37.9 days/year, and for RCP2.6
between -2.1 and 21.0 days/year.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from 7.5 to 42.4 days/year for RCP8.5, from 5.9 to 30.8 days/year for RCP4.5, and from
0.6 to 25.2 days/year for RCP2.6.

RCP8.5

For all three RCPs an increase in the annual number of hot days is projected for the end of
st
the 21 century.

Tropical nights

6

The bandwidth of projected annual changes for the middle of the 21st century spans
from 10.24 to 50.67 nights/year for RCP8.5, from 5.88 to 35.2 nights/year for RCP4.5, and
from 5.4 to 31.17 nights/year for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual increases for RCP8.5 is between
20.61 and 85.86 nights/year, for RCP4.5 between 9.81 and 44.18 nights/year, and for
RCP2.6 between 3.94 and 32.4 nights/year.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs an increase in the annual number of tropical nights is projected for the
st
end of the 21 century.
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Projected changes in
temperature-based indices

Duration of heat waves

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual increases for RCP8.5 is between
7.0 and 63.63 days, for RCP4.5 between 2.16 and 29.14 days, and for RCP2.6 between
-0.15 and 13.81 days.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from 1.93 to 32.1 days for RCP8.5, from 1.08 to 23.66 days for RCP4.5, and from 0.53 to
15.58 days for RCP2.6.

RCP8.5

For all three RCPs an increase in the annual maximum duration of heat waves is projected
st
for the end of the 21 century.

Days warmer than 5 °C

The bandwidth of projected annual changes for the middle of the 21st century spans
from 15 to 35 days/year for RCP8.5, from 13 to 32 days/year for RCP4.5, and from 8 to
23 days/year for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual increases for RCP8.5 is between 23
and 58 days/year, for RCP4.5 between 15 and 39 days/year, and for RCP2.6 between 9
and 29 days/year.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs an increase in the annual number of days > 5 °C is projected for the
st
end of the 21 century.
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Projected changes in
temperature-based indices

Heating degree days

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual changes for RCP8.5 is between
-963 and -574 HDD, for RCP4.5 between -642 and -258 HDD, and for RCP2.6 between
-474 and -133 HDD.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -591 to -273 HDD for RCP8.5, from -519 to -219 HDD for RCP4.5, and from -404 to
-143 HDD for RCP2.6.

RCP8.5

For all three RCPs a decrease in the annual number of heating degree days is projected
st
for the end of the 21 century.

Frost days

8

The bandwidth of projected annual changes for the middle of the 21st century spans
from -33 to -8 days/year for RCP8.5, from -29 to -8 days/year for RCP4.5, and from -21 to
-5 days/year for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual changes for RCP8.5 is between -54
and -11 days/year, for RCP4.5 between -36 and -9 days/year, and for RCP2.6 between
-28 and -5 days/year.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs a decrease in the annual number of frost days is projected for the end
st
of the 21 century.
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Projected changes in
temperature-based indices
Spring frost days

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual changes for RCP8.5 is between -4
and 0 days/year, for RCP4.5 between -3 and 0 days/year, and for RCP2.6 between -2 and
0 days/year.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -3 to 0 days/year for RCP8.5, from -2 to 0 days/year for RCP4.5, and from -2 to
0 days/year for RCP2.6.

RCP8.5

For all three RCPs a decrease in the annual number of spring frost days is projected for
the end of the 21st century.

Projected changes in
precipitation-based indices

Annual and seasonal precipitation

The bandwidth of projected annual changes for the middle of the 21st century spans
from -14.1 to 10.9 % for RCP8.5, from -6.6 to 5.3 % for RCP4.5, and from -10.0 to 20.9 %
for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual changes for RCP8.5 is between
-27.7 and 14.8 %, for RCP4.5 between -8.3 and 11.6 %, and for RCP2.6 between -2.9 and
31.1 %.

RCP8.5

RCP4.5

RCP2.6

For most of the simulations, an increase in the annual precipitation is projected for the end
st
of the 21 century.
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Projected changes in
precipitation-based indices

Days with precipitation > 20 mm/day

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual increases for RCP8.5 is between
-2.7 and 2.5 days/year, for RCP4.5 between -0.5 and 1.4 days/year, and for RCP2.6
between -0.3 and 3.1 days/year.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -0.7 to 2.1 days/year for RCP8.5, from -0.3 to 1.3 days/year for RCP4.5, and from
-1.1 to 1.9 days/year for RCP2.6.

RCP8.5

For all three RCPs an increase in the annual number of days with precipitation exceeding
st
20 mm is projected for the end of the 21 century.

Dry days (precipitation < 1 mm/day)

10

The bandwidth of projected annual changes for the middle of the 21st century spans
from -3 to 15 days/year for RCP8.5, from -4 to 10 days/year for RCP4.5, and from -10 to
8 days/year for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual changes for RCP8.5 is between 2
and 28 days/year, for RCP4.5 between -6 and 11 days/year, and for RCP2.6 between -13
and 4 days/year.

RCP8.5

RCP4.5

RCP2.6

For most of the simulations, an increase in the annual number of dry days is projected for
st
the end of the 21 century.
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Projected changes in
precipitation-based indices
Wet days (precipitation ≥ 1 mm/day)

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual changes for RCP8.5 is between -28
and -2 days/year, for RCP4.5 between -11 and 6 days/year, and for RCP2.6 between -4
and 13 days/year.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -15 to 3 days/year for RCP8.5, from -10 to 4 days/year for RCP4.5, and from -8 to
10 days/year for RCP2.6.

RCP8.5

For most of the simulations, a decrease in the annual number of wet days is projected for
st
the end of the 21 century.

95th percentile of precipitation on wet days

The bandwidth of projected annual changes for the middle of the 21st century spans
from 0.8 to 7.7 mm/day for RCP8.5, from -0.5 to 2.7 mm/day for RCP4.5, and from -0.5 to
3.7 mm/day for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual increases for RCP8.5 is between
1.2 and 11.7 mm/day, for RCP4.5 between -0.8 and 6.0 mm/day, and for RCP2.6 between
-0.7 and 4.2 mm/day.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs an increase in the annual 95th percentile of precipitation on wet days is
st
projected for the end of the 21 century.
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Projected changes in
precipitation-based indices
99th percentile of precipitation on wet days

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual increases for RCP8.5 is between
0.4 and 36.1 mm/day, for RCP4.5 between 0.3 and 13.1 mm/day, and for RCP2.6
between -2.4 and 8.4 mm/day.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from 1.0 to 22.0 mm/day for RCP8.5, from -1.8 to 7.3 mm/day for RCP4.5, and from -2.8 to
12.2 mm/day for RCP2.6.

RCP8.5

For all three RCPs an increase in the annual 99th percentile of precipitation on wet days is
projected for the end of the 21st century.

Projected changes in
other indices
Wind speed

12

The bandwidth of projected annual changes for the middle of the 21st century spans
from -0.1 to 0.06 m/s for RCP8.5, from -0.12 to 0.06 m/s for RCP4.5, and from -0.11 to
0.1 m/s for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual changes for RCP8.5 is between
-0.2 and 0.08 m/s, for RCP4.5 between -0.08 and 0.07 m/s, and for RCP2.6 between -0.08
and 0.09 m/s.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs a decrease in the annual wind speed is projected for the end of the 21st
century.
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Projected changes in
other indices

Climatic water balance (precipitation minus evaporation)

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual changes for RCP8.5 is between
-0.64 and 0.02 mm/day, for RCP4.5 between -0.14 and 0.07 mm/day, and for RCP2.6
between -0.11 and 0.09 mm/day.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -0.29 to 0.06 mm/day for RCP8.5, from -0.19 to 0.05 mm/day for RCP4.5, and from
-0.21 to 0.24 mm/day for RCP2.6.

RCP8.5

For most of the simulations, a decrease in the annual climatic water balance is projected
st
for the end of the 21 century.

Sultriness

The bandwidth of projected annual changes for the middle of the 21st century spans
from 11.93 to 38.42 sultriness days for RCP8.5, from 7.57 to 28.83 sultriness days for
RCP4.5, and from 4.38 to 35.88 sultriness days for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual increases for RCP8.5 is between
24.46 and 67.48 sultriness days, for RCP4.5 between 13.42 and 40.46 sultriness days,
and for RCP2.6 between 5.5 and 36.02 sultriness days.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs an increase in the annual number of sultriness days is projected for the
st
end of the 21 century.
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RCP2.6

RCP4.5

RCP8.5

Overview
temperature-based indices

14

projected

minimum to maximum

minimum to maximum

climate changes

2036-2065

2071-2100

temperature [°C]

1.62 to 2.89

3.25 to 5.44

number of summer days [days/year]

18.58 to 43.85

42.64 to 75.12

number of hot days [days/year]

7.55 to 42.36

24.85 to 73.35

number of tropical nights [nights/year]

10.24 to 50.67

20.61 to 85.86

maximum duration of heat waves [days]

1.93 to 32.10

7.00 to 63.63

number of days > 5 °C [days/year]

15.14 to 35.28

23.49 to 58.35

number of heating degree days [HDD]

-590.98 to -273.29

-962.89 to -573.74

number of frost days [days/year]

-32.96 to -8.25

-53.65 to -10.64

number of spring frost days [days/year]

-2.96 to -0.07

-3.77 to -0.09

temperature [°C]

1.27 to 2.56

1.69 to 3.25

number of summer days [days/year]

13.93 to 27.20

16.87 to 36.51

number of hot days [days/year]

5.85 to 30.78

7.41 to 37.88

number of tropical nights [nights/year]

5.88 to 35.20

9.81 to 44.18

maximum duration of heat waves [days]

1.08 to 23.66

2.16 to 29.14

number of days > 5 °C [days/year]

13.03 to 32.40

15.12 to 38.83

number of heating degree days [HDD]

-518.83 to -219.02

-641.65 to -257.69

number of frost days [days/year]

-29.15 to -8.29

-35.99 to -8.89

number of spring frost days [days/year]

-2.08 to -0.06

-3.16 to -0.09

temperature [°C]

0.68 to 2.19

0.67 to 2.20

number of summer days [days/year]

3.36 to 25.48

0.33 to 23.37

number of hot days [days/year]

0.61 to 25.24

-2.08 to 20.98

number of tropical nights [nights/year]

5.40 to 31.17

3.94 to 32.40

maximum duration of heat waves [days]

0.53 to 15.58

-0.15 to 13.81

number of days > 5 °C [days/year]

8.11 to 23.43

9.26 to 29.07

number of heating degree days [HDD]

-404.18 to -143.40

-473.91 to -132.50

number of frost days [days/year]

-21.36 to -5.43

-27.86 to -5.28

number of spring frost days [days/year]

-1.99 to -0.05

-2.07 to 0.05
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RCP2.6

RCP4.5

RCP8.5

Overview
precipitation-based indices

projected

minimum to maximum

minimum to maximum

climate changes

2036-2065

2071-2100

precipitation [%]

-14.06 to 10.86

-27.71 to 14.81

number of days with precipitation > 20 mm [days/year]

-0.69 to 2.06

-2.70 to 2.47

number of dry days [days/year]

-2.90 to 15.25

1.89 to 27.89

number of wet days [days/year]

-15.25 to 2.90

-27.89 to -1.93

p95th [mm/day]

0.84 to 7.74

1.23 to 11.73

p99th [mm/day]

0.99 to 22.02

0.43 to 36.06

precipitation [%]

-6.59 to 5.30

-8.31 to 11.63

number of days with precipitation > 20 mm [days/year]

-0.29 to 1.28

-0.51 to 1.38

number of dry days [days/year]

-4.05 to 10.16

-5.96 to 11.26

number of wet days [days/year]

-10.16 to 4.05

-11.29 to 5.92

p95th [mm/day]

-0.51 to 2.66

-0.76 to 5.98

p99th [mm/day]

-1.84 to 7.27

0.30 to 13.11

precipitation [%]

-10.00 to 20.85

-2.93 to 31.12

number of days with precipitation > 20 mm [days/year]

-1.06 to 1.92

-0.33 to 3.14

number of dry days [days/year]

-9.73 to 7.58

-13.48 to 4.01

number of wet days [days/year]

-7.58 to 9.73

-4.04 to 13.48

p95th [mm/day]

-0.46 to 3.65

-0.74 to 4.18

p99th [mm/day]

-2.80 to 12.19

-2.42 to 8.42
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RCP2.6

RCP4.5

RCP8.5

Overview
other indices

projected

minimum to maximum

minimum to maximum

climate changes

2036-2065

2071-2100

wind speed [m/s]

-0.10 to 0.06

-0.20 to 0.08

climatic water balance [mm/day]

-0.29 to 0.06

-0.64 to 0.02

number of sultriness days [days/year]

11.93 to 38.42

24.46 to 67.48

wind speed [m/s]

-0.12 to 0.06

-0.08 to 0.07

climatic water balance [mm/day]

-0.19 to 0.05

-0.14 to 0.07

number of sultriness days [days/year]

7.57 to 28.83

13.42 to 40.46

wind speed [m/s]

-0.11 to 0.10

-0.08 to 0.09

climatic water balance [mm/day]

-0.21 to 0.24

-0.11 to 0.09

number of sultriness days [days/year]

4.38 to 35.88

5.50 to 36.02

Expert judgement on the robustness of the projections
To judge on the robustness of the projected changes, the agreement of the projections on the sign of the
st
projected changes for the end of the 21 century, as well as the statistical significance of the changes
projected by each single simulation is taken into account. Statistical significance is calculated using the
Mann-Whitney test (respectively U-test), which is applied for each model simulation individually. The
Null-Hypothesis is formulated to test the distribution of the annual values of the respective index in future
climate against their distribution in today's (reference) climate, assuming a confidence level of 0.9.

Increase is assigned in case that the majority of the simulations (>66%) project future increases of the
climate index, with a majority projecting significant increases.
Decrease is assigned in case that the majority of the simulations (>66%) project future decreases of
the climate index, with a majority projecting significant decreases.
Tendency towards an increase is assigned in case that the majority of the simulations (>66%) project
future increases of the climate index, with no majority projecting significant increases.
Tendency towards a decrease is assigned in case that the majority of the simulations (>66%) project
future decreases of the climate index, with no majority projecting significant decreases.
Unclear: The majority of the simulations project significant changes (increases or decreases), but there
is no agreement on a specific direction of the change.
No Changes: The majority of the simulations project only non-significant changes and there is no
majority (>66%) agreeing on a specific direction of the change.
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Reading the climate change figures
2

3
1
4

5

2
Time series diagram

Boxplot diagram

1

Scale and units of the projected changes for the respective index.

2

Time scale: years for the time series diagram and 30-year periods for the boxplot diagrams.

3

Legend for the time series and boxplot diagrams. Colors are indicating the underlying
emission scenarios, where RCP denotes Representative Concentration Pathways.
RCP8.5: Pathway for a "worst case" scenario with high greenhouse gas emissions. RCP4.5:
"medium mitigation" scenario, with medium amount of greenhouse gas emissions. RCP2.6:
"stringent mitigation" scenario, with smaller or even negative greenhouse gas emissions. The
numbers in brackets indicate the number of simulations entering the analysis for the
respective index and scenario. As some variables are not provided for all model simulations,
the numbers slightly differ for some of the indices from the total number of simulations
available.

4

The time series diagram shows the projected 30-year running mean changes in the
respective index with respect to the climate reference period of 1971 to 2000. The values are
th
centered around the 15 year of each 30-year period, i.e. each value represents the mean
value of the 30 years around this year. Each line belongs to a specific model simulation. The
color-coding corresponds to the three different emission scenarios (as indicated in the
legend). In addition, the shaded color background for each RCP encloses the minimum and
maximum projected changes.

5

In the boxplot diagram the range of the projected changes is shown for two specific time
st
periods relative to the climate reference period of 1971 to 2000: The middle of the 21
st
century is represented by the years 2036 to 2065, the end of the 21 century by the period
from 2070 to 2099. The bars show some characteristics of the ensemble of projections.
Maximum
80%
Median
20%
Minimum

The total range of projections is found between the minimum and
maximum value indicated in the bars. The median denotes the
simulation of which the value of projected change is located in the
center of the entire bandwith of the ensemble. In addition, those values
are marked where 20% of the ensemble project changes below or
above this value.

Red color stands for the worst case scenario (RCP8.5), RCP4.5 is given in blue and RCP2.6
in gray colors.
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Definition of the climate indices
Parameter

18

Definition

Temperature

Defined as the temperature in 2 m height above surface. The seasonal
temperatures are based on the meteorological calendar, i.e. spring covers March,
April and May, summer is calculated as mean of the months June, July, August,
autumn temperature is calculated from September, October, and November values,
and winter from December, January, and February.

Summer days

Number of days per year with daily maximum temperatures of at least 25 °C

Hot days

Number of days per year with daily maximum temperatures of at least 30 °C

Tropical nights

Number of days per year with daily minimum temperatures of at least 20 °C

Duration of heat
waves

Maximum annual duration [in days] of consecutive days with daily maximum
temperatures of at least 30 °C

Days > 5 °C

Number of days per year with a daily average temperature above 5 °C

Heating degree
days

The total amount of heating degree days per year can be used as measure for the
need of heating per year. Heating degree days are defined using a temperature
threshold (here 15 °C), below which heating is needed. It is calculated by summing
up the daily differences of temperature and the threshold when temperatures are
below the threshold. It is given in units of HDD.

Frost days

Number of days per year with daily minimum temperatures below 0 °C

Spring frost
days

Number of days between 1st of April and 31st of May with a daily minimum
temperature below 0 °C

Annual and
seasonal
precipitation

The sum of annual and seasonal precipitation is calculated from daily precipitation
sums. It contains liquid as well as solid precipitation (rain and snow). The seasonal
precipitation sums are based on the meteorological calendar, i.e. spring
precipitation covers March, April and May, summer precipitation sums up months
June, July, August, autumn precipitation is calculated from September, October,
and November values, and winter precipitation sums up the months December,
January, and February.

Precipitation >
20 mm/day

Number of days per year with daily precipitation (rain and snow) higher than 20 mm

Dry days

Number of days per year with daily precipitation (rain and snow) lower than 1 mm

Wet days

Number of days per year with daily precipitation (rain and snow) of at least 1 mm

95th percentile
of precipitation

Value of total daily precipitation that is exceeded on five percent of all wet days per
year

99th percentile
of precipitation

Value of total daily precipitation that is exceeded on one percent of all wet days per
year

Wind speed

Mean annual wind speed in m/s

Climatic water
balance

Difference between annual precipitation and annual evaporation in mm/day

Sultriness days

Number of days per year with daily values of vapor pressure greater than 18.8 hPa.
The vapor pressure is calculated based on daily values of the near-surface air
temperature and the relative humidity using the Magnus Formula.
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Background information
Data sources for the information on observed climate
E-OBS
gridded
observational
dataset
(V19.0e,
temporal/spatial
resolution:
daily/0.1°,
http://surfobs.climate.copernicus.eu/dataaccess/access_eobs.php), as well as C3S, Copernicus Climate Change Service (2017): ERA5: Fifth
generation of ECMWF atmospheric reanalyses of the global climate. Copernicus Climate Change Service Climate Data Store (CDS).
Access: https://cds.climate.copernicus.eu/.

Data sources for the climate projections
The projected climate changes presented in this Climate Fact Sheet are based on regional climate projections, which are presented in the
framework of the EURO-COREX initiative (http://www.euro-cordex.net) as well as on regional climate projections provided by the
ReKliEs-DE project, funded by the German Ministry of Research and Education (http://reklies.hlnug.de). The climate projections in this Fact
Sheet are based on the Representative Concentration Pathways (RCPs), of which the RCP8.5 represents a worst case scenario, RCP4.5 a
medium mitigation scenario, and RCP2.6 a stringent mitigation scenario. 51 climate projections were obtained in August 2018 from the
ESGF data portal via the data node at the German Climate Computing Centre (https://esgf-data.dkrz.de). Of these, 16 simulations for the
stringent mitigation scenario (RCP2.6), 13 simulations for the medium mitigation scenario (RCP4.5) and 22 simulations for the worst case
emission scenario (RCP8.5) are available. The table below provides an overview of the regional climate models and their respective global
forcing data. The EURO-CORDEX simulations are available on a grid with a spatial horizontal resolution of 12 km x 12 km. The climate
change signals for the different variables presented in this Climate Fact Sheet are calculated as the weighted mean value for all grid cells
located in this region.
worst case scenario (RCP8.5)

medium mitigation scenario (RCP4.5)

driving GCM
and realization

RCM,
version
number

driving GCM
and realization

RCM,
number

CanESM2, r1i1p1

CCLM4-8-17, v1

EC-EARTH, r12i1p1

CanESM2, r1i1p1

REMO2015, v1

EC-EARTH, r12i1p1

EC-EARTH, r12i1p1

CCLM4-8-17, v1

EC-EARTH, r12i1p1

REMO2015, v1

EC-EARTH, r12i1p1

version

stringent mitigation scenario (RCP2.6)
driving GCM
and realization

RCM,
number

version

CCLM4-8-17, v1

EC-EARTH, r12i1p1

CCLM4-8-17, v1

RCA4, v1

EC-EARTH, r12i1p1

RCA4, v1

EC-EARTH, r12i1p1

RACMO22E, v1

EC-EARTH, r12i1p1

REMO2015, v1

EC-EARTH, r1i1p1

RACMO22E, v1

EC-EARTH, r12i1p1

RACMO22E, v1

RACMO22E, v1

EC-EARTH, r3i1p1

HIRHAM5, v2

EC-EARTH, r3i1p1

HIRHAM5, v2

EC-EARTH, r12i1p1

RCA4, v1

HadGEM2, r1i1p1

CCLM4-8-17, v1

GFDL-ESM2G, r1i1p1

REMO2015, v1

EC-EARTH, r1i1p1

RACMO22E, v1

HadGEM2, r1i1p1

RACMO22E, v2

HadGEM2, r1i1p1

RACMO22E, v2

EC-EARTH, r1i1p1

WRF361H, v1

HadGEM2, r1i1p1

RCA4, v1

HadGEM2, r1i1p1

REMO2015, v1

EC-EARTH, r3i1p1

HIRHAM5, v2

IPSL-CM5A-MR, r1i1p1 RCA4, v1

HadGEM2, r1i1p1

RCA4, v1

HadGEM2, r1i1p1

CCLM4-8-17, v1

MPI-ESM-LR, r1i1p1

CCLM4-8-17, v1

IPSL-CM5A-LR, r1i1p1 REMO2015, v1

HadGEM2, r1i1p1

RACMO22E, v2

MPI-ESM-LR, r1i1p1

REMO2009, v1

MIROC5, r1i1p1

REMO2015, v1

HadGEM2, r1i1p1

RCA4, v1

MPI-ESM-LR, r1i1p1

RCA4, v1a

MPI-ESM-LR, r1i1p1

REMO2009, v1

HadGEM2, r1i1p1

REMO2015, v1

MPI-ESM-LR, r2i1p1

REMO2009, v1

MPI-ESM-LR, r1i1p1

CCLM4-8-17, v1

HadGEM2, r1i1p1

WRF361H, v1

MPI-ESM-LR, r1i1p1

RCA4, v1a

IPSL-CM5A-MR, r1i1p1 RCA4, v1

MPI-ESM-LR, r1i1p1

WRF361H, v1

MPI-ESM-LR, r1i1p1

CCLM4-8-17, v1

MPI-ESM-LR, r2i1p1

REMO2009, v1

MPI-ESM-LR, r1i1p1

REMO2009, v1

MPI-ESM-LR, r1i1p1

RCA4, v1a

MPI-ESM-LR, r1i1p1

WRF361H, v1

MPI-ESM-LR, r2i1p1

REMO2009, v1

MIROC5, r1i1p1

CCLM4-8-17, v1

MIROC5, r1i1p1

REMO2015, v1

Disclaimer: This Climate Fact Sheet was developed in the frame of the project OPERANDUM (OPEn-air laboRAtories for Nature baseD
solUtions to Manage hydro-meteo risks) . This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 776848. The content provided in this Fact Sheet and the underlying data correspond to
the current state of knowledge. All data have been carefully prepared and checked by the Climate Service Center Germany (GERICS).
However, GERICS has only carried out part of the regional climate projections itself. All climate projections not carried out by GERICS were
obtained from the publicly accessible ESGF data archive. GERICS does not take over guarantee for the topicality, correctness,
completeness or quality of the provided information. GERICS also assumes no liability for decisions and their consequences, which are
based on the use of this Climate Fact Sheet.

This project has received funding from the European Union's Horizon 2020
research and innovation programme under grant agreement No 776848
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At a glance
The Climate Fact Sheet provides brief and concise information on possible future climate developments for the
Open-Air Laboratory United Kingdom in the 21st century. They are based on the results of 51 regional climate
model simulations, which are based on the Representative Concentration Pathways (RCPs). RCP8.5 represents
a worst case scenario, RCP4.5 a medium mitigation scenario, and RCP2.6 a stringent mitigation scenario. 18
different indices for climate change are presented, which are relevant for various societal sectors. They are
supplemented by an expert judgement of the reliability of the shown changes. The relationship to the climate of
the near past is illustrated by some of the key figures calculated from observation data for the Open-Air
Laboratory United Kingdom. At the end of the 21st century, the annual mean near-surface temperature is
projected to increase between -0.1 °C and 2.0 °C in RCP2.6, between 1.2 °C and 2.6 °C in RCP4.5, and
between 1.9 °C and 3.8 °C in RCP8.5; these increases are robust for all scenarios. For the annual precipitation
at the end of the 21st century the projections show changes between -7.2 % and 10.5 % for RCP2.6, between
-1.2 % and 13.9 % for RCP4.5, and between -9.4 % and 13.7 % for RCP8.5. For annual precipitation, none of
the projected changes for the end of the 21st century are robust.
Projected Climate Changes for the end of the 21st century
Parameter

Worst case scenario

Medium mitigation scenario

Stringent mitigation scenario

Details

temperature

increase

increase

increase

pp. 5, 14

summer days

increase

increase

increase

pp. 5, 14

hot days

increase

tendency towards increase

tendency towards increase

pp. 6, 14

tropical nights

increase

tendency towards increase

tendency towards increase

pp. 6, 14

duration of heat waves

increase

tendency towards increase

tendency towards increase

pp. 7, 14

days > 5 °C

increase

increase

increase

pp. 7, 14

heating degree days

decrease

decrease

decrease

pp. 8, 14

frost days

decrease

decrease

decrease

pp. 8, 14

spring frost days

decrease

decrease

decrease

pp. 9, 14

precipitation

tendency towards increase

tendency towards increase

no changes

pp. 9, 14

precipitation > 20 mm

increase

tendency towards increase

tendency towards increase

pp. 10, 15

dry days

increase

no changes

tendency towards increase

pp. 10, 15

wet days

decrease

no changes

tendency towards decrease

pp. 11, 15

p95th

increase

tendency towards increase

tendency towards increase

pp. 11, 15

p99th

increase

increase

tendency towards increase

pp. 12, 15

wind speed

decrease

tendency towards decrease

decrease

pp. 12, 16

water balance

no changes

no changes

no changes

pp. 13, 16

sultriness

increase

increase

increase

pp. 13, 16
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Today's climate and observed
changes
Climate indices for today's climate for the region Open-Air Laboratory United Kingdom
The Open-Air Laboratory United Kingdom complies with Catterline Bay in Aberdeenshire, Scotland. It has a
maritime climate, characterized by mild winters, cool summers, and few extreme temperatures. For the region of
the Open-Air Laboratory United Kingdom, data has been extracted from the longterm daily gridded observational
data E-OBS (V19.0e). Together with the ERA5 reanalysis data, these are used as the present day climate
reference. The figures below show the representation of the Open-Air Laboratory United Kingdom (red line) for
the E-OBS V19.0e grid on the left and the ERA5 grid on the right. The numbers in blue give the share of the
gridboxes contributing to the regional mean values. For the region indicated in the two figures, climate indices for
the period of 1971 to 2000 (E-OBS) and 1989 to 2018 (ERA5) are derived from the respective dataset.

E-OBS ( 1971-2000 )

ERA5 ( 1989-2018 )

summer days [days/year]

0

0

hot days [days/year]

0

0

tropical nights [days/year]

0

0

days > 5 °C [days/year]

246

283

frost days [days/year]

68

24

spring frost days [days/year]
precipitation [mm/day]
precipitation > 20 mm [days/year]

8

2

2.0

2.4

3

3

dry days [days/year]

212

195

wet days [days/year]

153

168

Observed changes in the past and recent climate for Open-Air Laboratory United Kingdom
For the period of 1950 to 2010, an increase of the annual mean temperature of about 0.02 °C/year can be
derived from E-OBS (V19.0e). For the more recent period of 1980 to 2010, the increase is about 0.04 °C/year.
The lowest annual mean temperature recorded since 1950 in the series of measurements for E-OBS (V19.0e)
was in the year 1963 with 6.6 °C, the highest value in the year 2003 with 8.6 °C.
For the annual mean precipitation, the measurements do not show any clear trends during the course of the 21st
century. The lowest annual precipitation values since 1950 in E-OBS (V19.0e) were recorded in the year 1989
with 475 mm, the highest values in 1954 with 1387 mm.
Data source for the information on observed climate: E-OBS gridded observational dataset (V19.0e, temporal/spatial resolution:
daily/0.1°, http://surfobs.climate.copernicus.eu/dataaccess/access_eobs.php), as well as C3S, Copernicus Climate Change Service
(2017): ERA5: Fifth generation of ECMWF atmospheric reanalyses of the global climate. Copernicus Climate Change Service Climate
Data Store (CDS). Access: https://cds.climate.copernicus.eu/. Daily values of mean, minimum and maximum temperature as well as daily
mean precipitation were selected.
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Projected
climate changes
The projected changes shown in this Climate Fact Sheet are based on an ensemble of climate projections which
were created in the context of the EURO-CORDEX initiative as well as on regional climate projections provided
by the ReKliEs-DE project, funded by the German Ministry of Research and Education (see page 19 for more
information). Climate projections give possible future pathways of climate for the coming decades, based on
scenarios for the development of global population, the economy, and technological development, resulting in
different concentrations of greenhouse gases in the atmosphere. Here, projections are based on three different
Representative Concentration Pathways (RCPs). RCP8.5 represents a worst case scenario, RCP4.5 a medium
mitigation scenario, and RCP2.6 a stringent mitigation scenario. The global climate projections are regionally
refined by regional climate models. All EURO-CORDEX and ReKliEs-DE simulations are stored on a common
grid with a horizontal grid resolution of about 12 x 12 km. The projected changes for the Open-Air Laboratory
United Kingdom are calculated as a weighted average of all grid cells that fall within the OAL, in the same way
as was done for the observed data. Projected changes are calculated from a baseline period of 1971 to 2000 for
two future time periods 2036 to 2065, and 2070 to 2099.
Mean changes for the period 2070 - 2099 relative to 1971 - 2000
Summer precipitation

Winter precipitation

Annual temperature

Summer precipitation

Winter precipitation

Annual temperature

Summer precipitation

Winter precipitation

RCP2.6

RCP4.5

RCP8.5

Annual temperature
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Projected
climate changes

Representation of the Open-Air Laboratory United Kingdom on the rotated grid of the climate projections

All model simulations used in this Climate Fact
Sheet were realized on a common grid defined by
the EURO-CORDEX initiative. To keep the grid
box sizes as equal as possible, the position of the
poles has been rotated in the simulations, so that
the equator crosses the EURO-CORDEX domain.
Consequently, the grid shown in the figure on the
right is rotated compared to the ERA5 and
E-OBS-v19.0 grids. Moreover, the coordinates of
the grid were homogenized among the different
RCMs, but the fixed surface fields such as
land-sea distribution and model orography were
not necessarily homogenized. The figure to the
right shows the region for which the data from the
regional climate projections were extracted for the
Open-Air Laboratory United Kingdom. The
respective weight of the grid boxes within the
region are given accordingly. The background
shows the fractional land-sea distribution as it is
used for the simulations done with REMO2009 and
REMO2015.

Symbols of the expert judgement on the robustness of the projections
Increase: The majority of the simulations
project significant increases

Tendency towards an increase: The
majority of the simulations project
non-significant increases

Decrease : The majority of the simulations
project significant decreases

Tendency towards a decrease: The
majority of the simulations project
non-significant decreases

Unclear: The majority of the simulations
project significant changes, but do not
agree on the direction of change

No changes: The majority of the
simulations project non-significant changes,
with no preferred direction of change

Please consider:
Each climate index presented on the following pages is complemented by an expert judgement on the
robustness of the projected changes, which is described in more detail on page 16. The definition of
each climate index is given on page 18. Their graphical representation is explained on page 17. These
information are necessary for the understanding of the figures. All climate indices are displayed with the
identical method. Together with the figures, the projected annual changes for each index for the middle
and the end of the 21st century are provided as short narratives.
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Projected changes in
temperature-based indices

Annual and seasonal temperature

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual increases for RCP8.5 is between
1.9 and 3.8 °C, for RCP4.5 between 1.2 and 2.6 °C, and for RCP2.6 between -0.1 and
2.0 °C.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from 1.1 to 2.3 °C for RCP8.5, from 0.7 to 2.0 °C for RCP4.5, and from 0.2 to 2.1 °C for
RCP2.6.

RCP8.5

For all three RCPs an increase in the annual temperature is projected for the end of the
st
21 century.

Summer days

The bandwidth of projected annual changes for the middle of the 21st century spans
from 0 to 4 days/year for RCP8.5, from 0 to 3 days/year for RCP4.5, and from 0 to
2 days/year for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual increases for RCP8.5 is between 0
and 13 days/year, for RCP4.5 between 0 and 4 days/year, and for RCP2.6 between 0 and
2 days/year.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs an increase in the annual number of summer days is projected for the
st
end of the 21 century.
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Projected changes in
temperature-based indices

Hot days

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual increases for RCP8.5 is between
0.0 and 0.8 days/year, for RCP4.5 between 0.0 and 0.0 days/year, and for RCP2.6
between 0.0 and 0.0 days/year.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from 0.0 to 0.3 days/year for RCP8.5, from 0.0 to 0.1 days/year for RCP4.5, and from 0.0
to 0.0 days/year for RCP2.6.

RCP8.5

For all three RCPs an increase in the annual number of hot days is projected for the end of
st
the 21 century.

Tropical nights

6

The bandwidth of projected annual changes for the middle of the 21st century spans
from 0.0 to 0.79 nights/year for RCP8.5, from 0.0 to 0.31 nights/year for RCP4.5, and from
0.0 to 0.02 nights/year for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual increases for RCP8.5 is between
0.0 and 4.79 nights/year, for RCP4.5 between 0.0 and 0.61 nights/year, and for RCP2.6
between 0.0 and 0.05 nights/year.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs an increase in the annual number of tropical nights is projected for the
st
end of the 21 century.
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Projected changes in
temperature-based indices

Duration of heat waves

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual increases for RCP8.5 is between
0.0 and 0.6 days, for RCP4.5 between 0.0 and 0.05 days, and for RCP2.6 between -0.01
and 0.03 days.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -0.02 to 0.16 days for RCP8.5, from 0.0 to 0.09 days for RCP4.5, and from -0.03 to
0.03 days for RCP2.6.

RCP8.5

For all three RCPs an increase in the annual maximum duration of heat waves is projected
st
for the end of the 21 century.

Days warmer than 5 °C

The bandwidth of projected annual changes for the middle of the 21st century spans
from 28 to 53 days/year for RCP8.5, from 16 to 46 days/year for RCP4.5, and from 4 to
37 days/year for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual increases for RCP8.5 is between 54
and 85 days/year, for RCP4.5 between 30 and 55 days/year, and for RCP2.6 between -3
and 35 days/year.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs an increase in the annual number of days > 5 °C is projected for the
st
end of the 21 century.
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Projected changes in
temperature-based indices

Heating degree days

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual changes for RCP8.5 is between
-1168 and -669 HDD, for RCP4.5 between -793 and -409 HDD, and for RCP2.6 between
-679 and 28 HDD.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -725 to -368 HDD for RCP8.5, from -624 to -221 HDD for RCP4.5, and from -724 to
-66 HDD for RCP2.6.

RCP8.5

For all three RCPs a decrease in the annual number of heating degree days is projected
st
for the end of the 21 century.

Frost days

8

The bandwidth of projected annual changes for the middle of the 21st century spans
from -45 to -16 days/year for RCP8.5, from -35 to -14 days/year for RCP4.5, and from -50
to 1 days/year for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual changes for RCP8.5 is between -69
and -21 days/year, for RCP4.5 between -52 and -20 days/year, and for RCP2.6 between
-48 and 5 days/year.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs a decrease in the annual number of frost days is projected for the end
st
of the 21 century.
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Projected changes in
temperature-based indices
Spring frost days

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual changes for RCP8.5 is between -14
and 0 days/year, for RCP4.5 between -11 and -1 days/year, and for RCP2.6 between -7
and 0 days/year.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -10 to 0 days/year for RCP8.5, from -8 to -1 days/year for RCP4.5, and from -8 to
-1 days/year for RCP2.6.

RCP8.5

For all three RCPs a decrease in the annual number of spring frost days is projected for
the end of the 21st century.

Projected changes in
precipitation-based indices

Annual and seasonal precipitation

The bandwidth of projected annual changes for the middle of the 21st century spans
from -6.5 to 5.3 % for RCP8.5, from -4.8 to 7.5 % for RCP4.5, and from -10.7 to 10.9 % for
RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual changes for RCP8.5 is between
-9.4 and 13.7 %, for RCP4.5 between -1.2 and 13.9 %, and for RCP2.6 between -7.2 and
10.5 %.

RCP8.5

RCP4.5

RCP2.6

For most of the simulations, an increase in the annual precipitation is projected for the end
st
of the 21 century.
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Projected changes in
precipitation-based indices

Days with precipitation > 20 mm/day

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual increases for RCP8.5 is between
-1.5 and 3.5 days/year, for RCP4.5 between 0.0 and 3.1 days/year, and for RCP2.6
between -1.0 and 1.6 days/year.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -0.4 to 2.1 days/year for RCP8.5, from -0.5 to 1.5 days/year for RCP4.5, and from
-1.5 to 1.9 days/year for RCP2.6.

RCP8.5

For all three RCPs an increase in the annual number of days with precipitation exceeding
st
20 mm is projected for the end of the 21 century.

Dry days (precipitation < 1 mm/day)

10

The bandwidth of projected annual changes for the middle of the 21st century spans
from -5 to 24 days/year for RCP8.5, from -5 to 12 days/year for RCP4.5, and from -7 to
20 days/year for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual changes for RCP8.5 is between -5
and 33 days/year, for RCP4.5 between -6 and 12 days/year, and for RCP2.6 between -5
and 24 days/year.

RCP8.5

RCP4.5

RCP2.6

For most of the simulations, an increase in the annual number of dry days is projected for
st
the end of the 21 century.
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Projected changes in
precipitation-based indices
Wet days (precipitation ≥ 1 mm/day)

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual changes for RCP8.5 is between -33
and 5 days/year, for RCP4.5 between -12 and 5 days/year, and for RCP2.6 between -24
and 5 days/year.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -24 to 5 days/year for RCP8.5, from -12 to 5 days/year for RCP4.5, and from -20 to
7 days/year for RCP2.6.

RCP8.5

For most of the simulations, a decrease in the annual number of wet days is projected for
st
the end of the 21 century.

95th percentile of precipitation on wet days

The bandwidth of projected annual changes for the middle of the 21st century spans
from -0.3 to 3.4 mm/day for RCP8.5, from -0.7 to 2.1 mm/day for RCP4.5, and from -1.4 to
2.4 mm/day for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual increases for RCP8.5 is between
-0.9 and 5.6 mm/day, for RCP4.5 between 0.1 and 3.1 mm/day, and for RCP2.6 between
-0.9 and 2.4 mm/day.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs an increase in the annual 95th percentile of precipitation on wet days is
st
projected for the end of the 21 century.
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Projected changes in
precipitation-based indices
99th percentile of precipitation on wet days

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual increases for RCP8.5 is between
0.1 and 8.0 mm/day, for RCP4.5 between -1.7 and 6.3 mm/day, and for RCP2.6 between
-1.7 and 6.3 mm/day.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -0.6 to 6.0 mm/day for RCP8.5, from -2.9 to 3.3 mm/day for RCP4.5, and from -2.1 to
5.2 mm/day for RCP2.6.

RCP8.5

For all three RCPs an increase in the annual 99th percentile of precipitation on wet days is
projected for the end of the 21st century.

Projected changes in
other indices
Wind speed

12

The bandwidth of projected annual changes for the middle of the 21st century spans
from -0.22 to -0.02 m/s for RCP8.5, from -0.18 to 0.04 m/s for RCP4.5, and from -0.19 to
0.02 m/s for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual changes for RCP8.5 is between
-0.32 and -0.02 m/s, for RCP4.5 between -0.2 and -0.01 m/s, and for RCP2.6 between
-0.26 and 0.02 m/s.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs a decrease in the annual wind speed is projected for the end of the 21st
century.
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Projected changes in
other indices

Climatic water balance (precipitation minus evaporation)

RCP2.6
RCP2.6

RCP4.5
RCP4.5

For the end of the 21st century, the projected annual changes for RCP8.5 is between
-0.26 and 0.28 mm/day, for RCP4.5 between -0.12 and 0.23 mm/day, and for RCP2.6
between -0.22 and 0.21 mm/day.

RCP8.5

The bandwidth of projected annual changes for the middle of the 21st century spans
from -0.14 to 0.1 mm/day for RCP8.5, from -0.21 to 0.16 mm/day for RCP4.5, and from
-0.27 to 0.22 mm/day for RCP2.6.

RCP8.5

For the three different RCPs no clear change in the annual climatic water balance is
st
projected for the end of the 21 century.

Sultriness

The bandwidth of projected annual changes for the middle of the 21st century spans
from 0.0 to 8.43 sultriness days for RCP8.5, from -0.01 to 3.23 sultriness days for RCP4.5,
and from 0.0 to 4.84 sultriness days for RCP2.6.

RCP8.5

RCP4.5

RCP2.6

For the end of the 21st century, the projected annual increases for RCP8.5 is between
0.65 and 25.16 sultriness days, for RCP4.5 between -0.02 and 8.28 sultriness days, and
for RCP2.6 between -0.04 and 4.21 sultriness days.

RCP8.5

RCP4.5

RCP2.6

For all three RCPs an increase in the annual number of sultriness days is projected for the
st
end of the 21 century.
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RCP2.6

RCP4.5

RCP8.5

Overview
temperature-based indices

14

projected

minimum to maximum

minimum to maximum

climate changes

2036-2065

2071-2100

temperature [°C]

1.07 to 2.32

1.93 to 3.83

number of summer days [days/year]

-0.02 to 4.04

-0.02 to 12.80

number of hot days [days/year]

-0.02 to 0.25

0.00 to 0.84

number of tropical nights [nights/year]

0.00 to 0.79

0.00 to 4.79

maximum duration of heat waves [days]

-0.02 to 0.16

0.00 to 0.60

number of days > 5 °C [days/year]

28.36 to 52.81

54.03 to 84.99

number of heating degree days [HDD]

-724.63 to -368.44

-1167.59 to -668.92

number of frost days [days/year]

-45.37 to -15.94

-69.30 to -21.12

number of spring frost days [days/year]

-10.25 to -0.44

-14.27 to -0.48

temperature [°C]

0.66 to 1.98

1.24 to 2.60

number of summer days [days/year]

-0.03 to 2.78

-0.03 to 3.98

number of hot days [days/year]

0.00 to 0.10

0.00 to 0.05

number of tropical nights [nights/year]

0.00 to 0.31

0.00 to 0.61

maximum duration of heat waves [days]

0.00 to 0.09

0.00 to 0.05

number of days > 5 °C [days/year]

16.10 to 45.79

30.17 to 55.46

number of heating degree days [HDD]

-624.34 to -220.79

-792.58 to -408.86

number of frost days [days/year]

-34.58 to -13.68

-51.55 to -19.94

number of spring frost days [days/year]

-8.16 to -0.90

-11.13 to -1.16

temperature [°C]

0.19 to 2.10

-0.08 to 1.98

number of summer days [days/year]

-0.08 to 1.82

-0.07 to 2.35

number of hot days [days/year]

-0.03 to 0.03

-0.01 to 0.04

number of tropical nights [nights/year]

0.00 to 0.02

0.00 to 0.05

maximum duration of heat waves [days]

-0.03 to 0.03

-0.01 to 0.03

number of days > 5 °C [days/year]

4.49 to 37.02

-2.72 to 35.26

number of heating degree days [HDD]

-723.88 to -66.41

-679.49 to 28.11

number of frost days [days/year]

-49.94 to 0.69

-48.10 to 4.95

number of spring frost days [days/year]

-7.70 to -0.67

-7.09 to 0.44
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RCP2.6

RCP4.5

RCP8.5

Overview
precipitation-based indices

projected

minimum to maximum

minimum to maximum

climate changes

2036-2065

2071-2100

precipitation [%]

-6.49 to 5.27

-9.36 to 13.70

number of days with precipitation > 20 mm [days/year]

-0.43 to 2.10

-1.47 to 3.53

number of dry days [days/year]

-5.46 to 23.54

-4.71 to 32.90

number of wet days [days/year]

-23.54 to 5.46

-32.93 to 4.71

p95th [mm/day]

-0.27 to 3.45

-0.93 to 5.60

p99th [mm/day]

-0.65 to 5.99

0.08 to 8.02

precipitation [%]

-4.80 to 7.46

-1.17 to 13.89

number of days with precipitation > 20 mm [days/year]

-0.50 to 1.53

-0.03 to 3.14

number of dry days [days/year]

-5.31 to 12.01

-6.26 to 12.26

number of wet days [days/year]

-12.01 to 5.31

-12.29 to 5.26

p95th [mm/day]

-0.68 to 2.14

0.08 to 3.08

p99th [mm/day]

-2.92 to 3.25

-1.69 to 6.25

precipitation [%]

-10.65 to 10.91

-7.24 to 10.51

number of days with precipitation > 20 mm [days/year]

-1.52 to 1.86

-1.00 to 1.59

number of dry days [days/year]

-7.08 to 19.55

-5.18 to 24.21

number of wet days [days/year]

-19.55 to 7.08

-24.24 to 5.18

p95th [mm/day]

-1.41 to 2.43

-0.93 to 2.37

p99th [mm/day]

-2.06 to 5.18

-1.70 to 6.26
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RCP2.6

RCP4.5

RCP8.5

Overview
other indices

projected

minimum to maximum

minimum to maximum

climate changes

2036-2065

2071-2100

wind speed [m/s]

-0.22 to -0.02

-0.32 to -0.02

climatic water balance [mm/day]

-0.14 to 0.10

-0.26 to 0.28

number of sultriness days [days/year]

0.00 to 8.43

0.65 to 25.16

wind speed [m/s]

-0.18 to 0.04

-0.20 to -0.01

climatic water balance [mm/day]

-0.21 to 0.16

-0.12 to 0.23

number of sultriness days [days/year]

-0.01 to 3.23

-0.02 to 8.28

wind speed [m/s]

-0.19 to 0.02

-0.26 to 0.02

climatic water balance [mm/day]

-0.27 to 0.22

-0.22 to 0.21

number of sultriness days [days/year]

-0.00 to 4.84

-0.04 to 4.21

Expert judgement on the robustness of the projections
To judge on the robustness of the projected changes, the agreement of the projections on the sign of the
st
projected changes for the end of the 21 century, as well as the statistical significance of the changes
projected by each single simulation is taken into account. Statistical significance is calculated using the
Mann-Whitney test (respectively U-test), which is applied for each model simulation individually. The
Null-Hypothesis is formulated to test the distribution of the annual values of the respective index in future
climate against their distribution in today's (reference) climate, assuming a confidence level of 0.9.

Increase is assigned in case that the majority of the simulations (>66%) project future increases of the
climate index, with a majority projecting significant increases.
Decrease is assigned in case that the majority of the simulations (>66%) project future decreases of
the climate index, with a majority projecting significant decreases.
Tendency towards an increase is assigned in case that the majority of the simulations (>66%) project
future increases of the climate index, with no majority projecting significant increases.
Tendency towards a decrease is assigned in case that the majority of the simulations (>66%) project
future decreases of the climate index, with no majority projecting significant decreases.
Unclear: The majority of the simulations project significant changes (increases or decreases), but there
is no agreement on a specific direction of the change.
No Changes: The majority of the simulations project only non-significant changes and there is no
majority (>66%) agreeing on a specific direction of the change.
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Reading the climate change figures
2

3
1
4

5

2
Time series diagram

Boxplot diagram

1

Scale and units of the projected changes for the respective index.

2

Time scale: years for the time series diagram and 30-year periods for the boxplot diagrams.

3

Legend for the time series and boxplot diagrams. Colors are indicating the underlying
emission scenarios, where RCP denotes Representative Concentration Pathways.
RCP8.5: Pathway for a "worst case" scenario with high greenhouse gas emissions. RCP4.5:
"medium mitigation" scenario, with medium amount of greenhouse gas emissions. RCP2.6:
"stringent mitigation" scenario, with smaller or even negative greenhouse gas emissions. The
numbers in brackets indicate the number of simulations entering the analysis for the
respective index and scenario. As some variables are not provided for all model simulations,
the numbers slightly differ for some of the indices from the total number of simulations
available.

4

The time series diagram shows the projected 30-year running mean changes in the
respective index with respect to the climate reference period of 1971 to 2000. The values are
th
centered around the 15 year of each 30-year period, i.e. each value represents the mean
value of the 30 years around this year. Each line belongs to a specific model simulation. The
color-coding corresponds to the three different emission scenarios (as indicated in the
legend). In addition, the shaded color background for each RCP encloses the minimum and
maximum projected changes.

5

In the boxplot diagram the range of the projected changes is shown for two specific time
st
periods relative to the climate reference period of 1971 to 2000: The middle of the 21
st
century is represented by the years 2036 to 2065, the end of the 21 century by the period
from 2070 to 2099. The bars show some characteristics of the ensemble of projections.
Maximum
80%
Median
20%
Minimum

The total range of projections is found between the minimum and
maximum value indicated in the bars. The median denotes the
simulation of which the value of projected change is located in the
center of the entire bandwith of the ensemble. In addition, those values
are marked where 20% of the ensemble project changes below or
above this value.

Red color stands for the worst case scenario (RCP8.5), RCP4.5 is given in blue and RCP2.6
in gray colors.
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Definition of the climate indices
Parameter

18

Definition

Temperature

Defined as the temperature in 2 m height above surface. The seasonal
temperatures are based on the meteorological calendar, i.e. spring covers March,
April and May, summer is calculated as mean of the months June, July, August,
autumn temperature is calculated from September, October, and November values,
and winter from December, January, and February.

Summer days

Number of days per year with daily maximum temperatures of at least 25 °C

Hot days

Number of days per year with daily maximum temperatures of at least 30 °C

Tropical nights

Number of days per year with daily minimum temperatures of at least 20 °C

Duration of heat
waves

Maximum annual duration [in days] of consecutive days with daily maximum
temperatures of at least 30 °C

Days > 5 °C

Number of days per year with a daily average temperature above 5 °C

Heating degree
days

The total amount of heating degree days per year can be used as measure for the
need of heating per year. Heating degree days are defined using a temperature
threshold (here 15 °C), below which heating is needed. It is calculated by summing
up the daily differences of temperature and the threshold when temperatures are
below the threshold. It is given in units of HDD.

Frost days

Number of days per year with daily minimum temperatures below 0 °C

Spring frost
days

Number of days between 1st of April and 31st of May with a daily minimum
temperature below 0 °C

Annual and
seasonal
precipitation

The sum of annual and seasonal precipitation is calculated from daily precipitation
sums. It contains liquid as well as solid precipitation (rain and snow). The seasonal
precipitation sums are based on the meteorological calendar, i.e. spring
precipitation covers March, April and May, summer precipitation sums up months
June, July, August, autumn precipitation is calculated from September, October,
and November values, and winter precipitation sums up the months December,
January, and February.

Precipitation >
20 mm/day

Number of days per year with daily precipitation (rain and snow) higher than 20 mm

Dry days

Number of days per year with daily precipitation (rain and snow) lower than 1 mm

Wet days

Number of days per year with daily precipitation (rain and snow) of at least 1 mm

95th percentile
of precipitation

Value of total daily precipitation that is exceeded on five percent of all wet days per
year

99th percentile
of precipitation

Value of total daily precipitation that is exceeded on one percent of all wet days per
year

Wind speed

Mean annual wind speed in m/s

Climatic water
balance

Difference between annual precipitation and annual evaporation in mm/day

Sultriness days

Number of days per year with daily values of vapor pressure greater than 18.8 hPa.
The vapor pressure is calculated based on daily values of the near-surface air
temperature and the relative humidity using the Magnus Formula.
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Background information
Data sources for the information on observed climate
E-OBS
gridded
observational
dataset
(V19.0e,
temporal/spatial
resolution:
daily/0.1°,
http://surfobs.climate.copernicus.eu/dataaccess/access_eobs.php), as well as C3S, Copernicus Climate Change Service (2017): ERA5: Fifth
generation of ECMWF atmospheric reanalyses of the global climate. Copernicus Climate Change Service Climate Data Store (CDS).
Access: https://cds.climate.copernicus.eu/.

Data sources for the climate projections
The projected climate changes presented in this Climate Fact Sheet are based on regional climate projections, which are presented in the
framework of the EURO-COREX initiative (http://www.euro-cordex.net) as well as on regional climate projections provided by the
ReKliEs-DE project, funded by the German Ministry of Research and Education (http://reklies.hlnug.de). The climate projections in this Fact
Sheet are based on the Representative Concentration Pathways (RCPs), of which the RCP8.5 represents a worst case scenario, RCP4.5 a
medium mitigation scenario, and RCP2.6 a stringent mitigation scenario. 51 climate projections were obtained in August 2018 from the
ESGF data portal via the data node at the German Climate Computing Centre (https://esgf-data.dkrz.de). Of these, 16 simulations for the
stringent mitigation scenario (RCP2.6), 13 simulations for the medium mitigation scenario (RCP4.5) and 22 simulations for the worst case
emission scenario (RCP8.5) are available. The table below provides an overview of the regional climate models and their respective global
forcing data. The EURO-CORDEX simulations are available on a grid with a spatial horizontal resolution of 12 km x 12 km. The climate
change signals for the different variables presented in this Climate Fact Sheet are calculated as the weighted mean value for all grid cells
located in this region.
worst case scenario (RCP8.5)

medium mitigation scenario (RCP4.5)

driving GCM
and realization

RCM,
version
number

driving GCM
and realization

RCM,
number

CanESM2, r1i1p1

CCLM4-8-17, v1

EC-EARTH, r12i1p1

CanESM2, r1i1p1

REMO2015, v1

EC-EARTH, r12i1p1

EC-EARTH, r12i1p1

CCLM4-8-17, v1

EC-EARTH, r12i1p1

REMO2015, v1

EC-EARTH, r12i1p1

version

stringent mitigation scenario (RCP2.6)
driving GCM
and realization

RCM,
number

version

CCLM4-8-17, v1

EC-EARTH, r12i1p1

CCLM4-8-17, v1

RCA4, v1

EC-EARTH, r12i1p1

RCA4, v1

EC-EARTH, r12i1p1

RACMO22E, v1

EC-EARTH, r12i1p1

REMO2015, v1

EC-EARTH, r1i1p1

RACMO22E, v1

EC-EARTH, r12i1p1

RACMO22E, v1

RACMO22E, v1

EC-EARTH, r3i1p1

HIRHAM5, v2

EC-EARTH, r3i1p1

HIRHAM5, v2

EC-EARTH, r12i1p1

RCA4, v1

HadGEM2, r1i1p1

CCLM4-8-17, v1

GFDL-ESM2G, r1i1p1

REMO2015, v1

EC-EARTH, r1i1p1

RACMO22E, v1

HadGEM2, r1i1p1

RACMO22E, v2

HadGEM2, r1i1p1

RACMO22E, v2

EC-EARTH, r1i1p1

WRF361H, v1

HadGEM2, r1i1p1

RCA4, v1

HadGEM2, r1i1p1

REMO2015, v1

EC-EARTH, r3i1p1

HIRHAM5, v2

IPSL-CM5A-MR, r1i1p1 RCA4, v1

HadGEM2, r1i1p1

RCA4, v1

HadGEM2, r1i1p1

CCLM4-8-17, v1

MPI-ESM-LR, r1i1p1

CCLM4-8-17, v1

IPSL-CM5A-LR, r1i1p1 REMO2015, v1

HadGEM2, r1i1p1

RACMO22E, v2

MPI-ESM-LR, r1i1p1

REMO2009, v1

MIROC5, r1i1p1

REMO2015, v1

HadGEM2, r1i1p1

RCA4, v1

MPI-ESM-LR, r1i1p1

RCA4, v1a

MPI-ESM-LR, r1i1p1

REMO2009, v1

HadGEM2, r1i1p1

REMO2015, v1

MPI-ESM-LR, r2i1p1

REMO2009, v1

MPI-ESM-LR, r1i1p1

CCLM4-8-17, v1

HadGEM2, r1i1p1

WRF361H, v1

MPI-ESM-LR, r1i1p1

RCA4, v1a

IPSL-CM5A-MR, r1i1p1 RCA4, v1

MPI-ESM-LR, r1i1p1

WRF361H, v1

MPI-ESM-LR, r1i1p1

CCLM4-8-17, v1

MPI-ESM-LR, r2i1p1

REMO2009, v1

MPI-ESM-LR, r1i1p1

REMO2009, v1

MPI-ESM-LR, r1i1p1

RCA4, v1a

MPI-ESM-LR, r1i1p1

WRF361H, v1

MPI-ESM-LR, r2i1p1

REMO2009, v1

MIROC5, r1i1p1

CCLM4-8-17, v1

MIROC5, r1i1p1

REMO2015, v1

Disclaimer: This Climate Fact Sheet was developed in the frame of the project OPERANDUM (OPEn-air laboRAtories for Nature baseD
solUtions to Manage hydro-meteo risks) . This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 776848. The content provided in this Fact Sheet and the underlying data correspond to
the current state of knowledge. All data have been carefully prepared and checked by the Climate Service Center Germany (GERICS).
However, GERICS has only carried out part of the regional climate projections itself. All climate projections not carried out by GERICS were
obtained from the publicly accessible ESGF data archive. GERICS does not take over guarantee for the topicality, correctness,
completeness or quality of the provided information. GERICS also assumes no liability for decisions and their consequences, which are
based on the use of this Climate Fact Sheet.
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