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Development Goals
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Decadal climate predictions are bridging the gap between
short-term seasonal forecasts and the long-term centennial
climate projections. For politics and economy the decadal
time scale is important to develop climate adaptation or
mitigation strategies.
MiKlip (German: Mittelfristige Klimaprognosen) is a decadal
climate prediction project coordinated at the Max-PlanckInstitute for Meteorology (MPI-M), at times involving 35
sub-projects spread across 22 German research institutions.
The goal of MiKlip is to foster basic research on decadal
climate prediction and to develop an operational ensemble
decadal prediction system with the Earth System Model of
the MPI-M (MPI-ESM) and the regional climate model
COSMO-CLM. The prediction time-scales range from the
annual forecast for the next year to the climate prediction
information for the upcoming ten years. This information
includes parameters such as temperature, precipitation,
droughts, wind, or the probability of severe weather
events, where most (scientific) publications focus on the
predictability of temperature and precipitation. The
established method to evaluate the MiKlip system –
initialised with atmosphere and ocean re-analyses of the
ECMWF (European Centre for Medium-Range Weather
Forecasts) – is to compare retrospective forecasts
(hindcasts) and two standard reference forecasts (observed
climatology and climate projections) with past observations
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leading to information about the forecast skill. The
evaluation includes the accuracy (MSESS) of the ensemble
mean and the probabilistic skill (RPSS) of the whole 10member ensemble.
In two of MiKlip’s sub-projects the direct contact with
potential users of such a decadal climate forecast system
was established to explore and incorporate user needs, and
to generate an awareness of the offered service. Among
the potential users interested in various aspects of future
global and regional climate development of the next ten
years were representatives from agriculture (growing
condition for certain crops), forestry (adaptation towards
more robust tree species), water management (ensuring a
stable water supply), renewable energy (prognosis for
future wind or solar parks), transport (especially river
shipping), insurances (estimation of climate-related
damages), health (emergency plans for heat waves),
international collaboration or humanitarian crisis
management (preparation for natural catastrophes, food
security and security). As such, information from decadal
climate prediction systems in combination with information
from long-term climate projections can contribute to the
UN Sustainable Development Goals. We will present
preliminary results (which could result in potential future
service products) for possible agriculture, water supply, and
humanitarian aid applications.

What are decadal climate predictions?
There is a growing need for reliable information on trends in weather and
climate for time periods of years to decades, mainly because the planning
horizon of the economy, but also of politics and society, is in the order of ten
years. Such predictions are the prerequisite for improvements in adaptation for
industry and society to the future climate.
Decadal climate predictions fill the gap between short-term weather predictions
and long-term climate projections.

 Back

^Start

Next →

Weather
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Climate Change

Climate Variability
Observed global mean temperature variability compared
to the mean value of 1961 to 1990

Year
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The global mean
surface temperature
varies
randomly
between 0.2 and 0.3
°C from year to year.

Climate Change
Change of the global mean surface temperature
Average over
2081-2100

Year
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Greenhouse gas driven
climate
change
is
significantly larger than 0.3
°C natural variability.
→ Natural variability can
be neglected
→ more important: future
greenhouse
gas
emissions
→ Each decade anthropogenic climate change
of order 0.2°C

Long-term Climate Projection
Climate projections provide the mean, long-term path of the human-forced climate
within a wide envelope of uncertainty that the internal variability might fall within:
• Evolution of climate in the near term is the combination of human-forced
climate change and natural climate variability
• Two underlying drivers: combine practices for climate projections (boundary
value problem) with those for weather forecasts (initial value problem) to obtain
initialised climate predictions
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Initialised Climate Predictions / Decadal Predictions
Initialised climate predictions start up climate models with data describing the
current climate system, in order to get the internally generated variability right.
• Evaluation is different: „A forecast is essentially useless unless there is some
indication of its expected skill.“ (Boer et al.,2016)
• → In order to evaluate decadal prediction retrospective forecasts (hindcasts) are
produced to be tested against observations
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Why are Decadal Predictions possible?
• Predictability of the climate system arises from certain processes (e.g. AMO)
that can be predictable, if the initial conditions and the physical laws describing
the Earth system are known.
• Fundamentally similar problem as for weather forecasts: chaos and random
events, but the various components of the climate system (atmosphere, ocean,
land and cryosphere) react with different delay to external forcings and thereby
show “memory” for climate processes on different time-scales.
• The atmosphere has a “memory” of days, sea ice and the land surface of 1-2
years and the ocean of 1-100 years.
• The “memory” of these components allow for predictability of climate variables
on the decadal time-scale.
→ use of coupled ocean-atmosphere models
 Back

^Start

Next →

What is MiKlip?
MiKlip (German: Mittelfristige Klimaprognosen) is a German decadal climate
prediction project.

Goals

Methods

Results

Structure and
subprojects

Chain of
operationalisation

Partners
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Goals of MiKlip

Fostering basic research on decadal
climate prediction
 Back

^Start

Next →

Developing an operational decadal
prediction system

Chain of Operationalisation (1)
The way the MiKlip system is
supposed to be in operation
describes a loop, involving
both, scientists and users.

Hindcasts

Prediction

Step 1 →
MiKlip
Product
Developer

Forecast
Product
User
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Chain of Operationalisation (2)
Hindcasts are produced in
order to later on gain
information on the prediction
skill of the model.

Hindcasts

Prediction

Step 2 →
MiKlip
Product
Developer

Forecast
Product
User
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Chain of Operationalisation (3)
Then initialised predictions
can be run and evaluated.

Hindcasts

Prediction

Step 3 →
MiKlip
Product
Developer

Forecast
Product
User
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Chain of Operationalisation (4)
After evaluation and recalibration,
the
forecast
product, e.g. the decadal
prediction website, is released.

Hindcasts

Prediction

Step 4 →
MiKlip
Product
Developer

Forecast
Product
User
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Chain of Operationalisation (5)
The users can take the forecast
product and apply it to their
products or business plans.

Hindcasts

Prediction

Step 5 →
MiKlip
Product
Developer

Forecast
Product
User
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Chain of Operationalisation (6)
The feedback and requests of
project developers loop back
into MiKlip

Hindcasts

Prediction

Start →
MiKlip
Product
Developer

Forecast
Product
User
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Data and Methods (1) - Data
For the analysis yearly means of near surface temperature are used. The data of the
decadal climate prediction system (MiKlip-system) consists of predictions, which were
started in the past to validate the system (hindcasts), and of predictions for the next ten
years.
The forecast system consists of an initialisation scheme, considering observations, and the
global circulation model MPI-ESM (Müller et al., 2012; Pohlmann et al., 2013; Marotzke et
al., 2016). The predictions were done with the 'PreopHR' configuration using MPI-ESM 1.2.
The prediction data contain ten ensemble members, which were yearly initialised for the
years 1960-2018. Each simulation is integrated for ten lead years. For a spatially higher
resolved evaluation over Europe (13°W-30°E and 35°-75°N), data of the global model were
dynamically scaled down by means of the regional climate model CCLM5 (Rockel et al.,
2008; Mieruch et al., 2014).
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Data and Methods (2) - Data
With the data of the global model, the region of the North-Atlantic (NA) between 60°10°W and 50°-65°N is additionally investigated, besides global evaluation. Therefore,
HadCRUT4 (Morice et al., 2012) is used as observational data-set, which is available on a
global 5°x5° grid from 1960-2018.
For the year 2018 the anomalies from January to November are used, since December
was not available at the date of publication. For the assessment of forecast skill of the
regional model, comparison with observation data-set CRU TS 4.01 (Harris et al., 2014)
from 1960-2017 is done. For a consistent validation, the model data of the prediction
system is re-gridded to the same grid as observations (5°x5° and 0.5°x0.5°, respectively).
On the one hand, data analysis is done for each grid point separately and on the other
hand it is done for spatial averages of the considered regions, i.e. global mean and NA for
data of the global model as well as average of the European region for the regional model.
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Data and Methods (3) - Temperature anomalies,
bias adjustment and temporal averaging
Temperature anomalies with respect to the period 1981-2010 (WMO reference period) are calculated
for both, predictions and observations. The systematic temperature difference between model and
observation (bias) generally changes with lead time (model drift). This functional behaviour is
estimated by means of the hindcasts, in order to adjust these deviations (Pasternack et al., 2018). At
the same time, it is assumed that the functional behaviour of the bias changes with initialisation time.
The adjustment is trained for the period 1960-2017 and is applied to hindcasts and the forecast. The
method of Pasternack et al. (2018) adjusts mean bias and additionally the conditional bias and the
ensemble spread. The latter is done to ensure that the forecast uncertainty is represented by the
ensemble spread.
The adjusted temperature anomalies are analysed for four year running means for the decadal
forecast. Thus, predictions are made for the lead years 1-4, 2-5, 3-6, …, 7-10. For the yearly forecast,
only the mean of the first lead year is evaluated.
For the calculation of the spatial averages for the regions (global mean, NA, Europe), both,
observations as well as model simulations use the same spatial mask, which only takes grid cells into
account, which have enough observational data during the evaluation period.
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Data and Methods (4) - Validation and prediction skill
Validation of prediction skill is done with hindcasts of the MiKlip system, which were produced
for the past. The maximum time period, which can be used for validation for every lead time
period (year 1-4 to year 7-10) is 1967-2017. For skill assessment, hindcasts are compared with
observations. Assessment cannot be done for grid points without existing observations for the
validation period (missing values). These grid points are grayed on the map. The skill of the
decadal prediction is compared with a reference forecast. The difference of these forecast skills,
i.e. the improvement of the decadal forecast in comparison to the reference forecast, is called
skill score [%]. If the skill of the decadal forecast system and the skill of the reference forecast is
identical, the skill score has a value of 0%. For a perfect decadal prediction, the skill score is
100%. Reference forecasts are the climatology of the observations for the period 1981-2010 and
the uninitialised historical climate projection, which differs from the decadal prediction system
only in the non-existing initialisation scheme. Bootstrapping is used for testing whether the skill
improvement in comparison to the reference forecast is random (significance test). Therefore,
random years from the validation period are 1000 times sampled with replacement and also
validated. The significance level is 95%.
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Data and Methods (5) – Ensemble mean forecast
The ensemble mean forecast considers the forecast of the mean of all simulations of

the model ensemble, it does however not give any information on the range of the
forecast.
An ensemble average is calculated out of the ensemble members, which is used for
forecast and validation. For the spatial averages, the 10. and 90. percentiles of the
ensemble distribution are also shown beside the ensemble mean. To validate the
prediction skill of the ensemble average, the skill score of the mean square error
between hindcast and observation is used (MSESS) (Goddard et al., 2013; Illing et al.,
2013; Kadow et al., 2014). The MSESS assesses whether the decadal prediction is
able to better reproduce observations than the reference forecast of climatology
(Fig. 1) and the uninitialised historical climate projection (Fig. 2).
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Data and Methods (6) – Figure 1

MSESS of the decadal forecast (ensemble mean of near-surface temperature) for lead years 1-4:
positive/negative values describe skill improvement/decline of the decadal prediction in comparison to
the reference forecast of the climatology, both compared to observations HadCRUT4.
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Data and Methods (7) – Figure 2

MSESS of the decadal forecast (ensemble mean of near-surface temperature) for lead years 1-4:
positive/negative values describe skill improvement/decline of the decadal prediction in comparison to
the reference forecast of the uninitialised historical climate projections, both compared to
observations HadCRUT4.
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Data and Methods (8) – Probabilistic forecast
The probabilistic forecast describes the distribution of all simulations of the model ensemble, by
assigning these to three different categories (below normal, normal, and above normal compared to a
reference period) and forecasting the probability of occurence of each category.
For the probabilistic forecast the period between 1981-2010 is split into three equivalent frequency
ranges of temperature (temperature below normal, normal and higher than normal). Based on the
distribution of the ensemble simulations, a forecast probability for each category and lead year period
(year 1-4, … , year 7-10) is calculated. Due to the small number of ensemble members, the probability
calculation is done with a Dirichlet multinomial model with flat Dirichlet prior (Agresti and Hitchcock;
2005).
The validation of the decadal forecast compared to observations is done with the ranked probability
skill score (RPSS) (Ferro 2007; Ferro et al., 2008), which asses the prediction of the concerning ranks.
The RPSS compares whether the decadal prediction system is able to better reproduce the
observations than the reference forecast of climatology (Fig. 3) and the uninitialised historical climate
projection (Fig. 4).
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Data and Methods (9) – Figure 3

RPSS of the decadal forecast of near-surface temperature for lead years 1-4: positive/negative values
describe skill improvement/decline of the decadal prediction in comparison to the reference forecast
of the climatology, both compared to observations HadCRUT4.
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Data and Methods (10) – Figure 4

RPSS of the decadal forecast of near-surface temperature for lead years 1-4: positive/negative values
describe skill improvement/decline of the decadal prediction in comparison to the reference forecast
of the uninitialised historical climate projections, both compared to observations HadCRUT4.
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Models

Global forecast model
 Back

^Start

Next →

Regional forecast model

Global forecast model
The global decadal forecasts
are generated with the MaxPlanck-Institute Earth System
Model MPI-ESM-HR. The spatial
resolution of 1° of the global
model is reduced to 5° for
evaluation with observational
data.

Forecast Website
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Regional forecast model
The regional decadal forecasts
are generated with the regional
model
COSMO-CLM
by
dynamical downscaling of the
global model‘s (MPI-ESM-HR)
results.
The spatial resolution of 0.22°
of the global model is reduced
to 0.5° for evaluation with
observational data.
Forecast Website
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Structure of MiKlip
Initialisation
Module A

Evaluation
Module E
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Synthesis
Module D

Processes
Module B

Regionalisation
Module C

Exchange of results

Module A
A- Coordination
Initial Conditions and Initialisation
AODA-PENG
Initialisation and Ensemble Generation

PASTLAND
Initial Conditions
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Goals:
- Improving
the
initial
conditions for decadal
climate predictions
- Improving
of
the
initialisation and ensemble
generation methods for
decadal climate forecasts

A-Coordination
Initial Conditions and Initialisation
• Studying the impacts of
model improvements on
prediction
skill
via
estimating the parametres
• Studying a new initialisation method based on
climate modes

More Information
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AODA-PENG
Initialisation and Ensemble Generation
• Initial conditions for the
MiKlip system produced
using the Ensemble-Kalman
filter
• New ensemble generation
method based on breeding
vectors

More Information
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PASTLAND
Initial Conditions
• Data assimiliation and
initialisation of land surface

More Information
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Module B
B- Coordination
STRATO-II
MOVIECLIP

^Start

FAST-O3-II

- Estimating the effects of
higher model resolution
and model bias

ATMOS-MODINI

- Studying the mechanisms of
decadal variability
- Coupling
of
additional
climate systems

PROCUP
 Back

ALARM-II

Goals:

Next →

B-Coordination
• Studying the influence
of the North Atlantic
on climate extremes in
Europe

NAO+ minus NAO- for maximum (left) and minimum temperature (right) in winter

More Information
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ALARM-II

Timmreck et al., 2016

Anomaly correlation of temperature for B1-LR without volcano eruptionans
minus B1-LR with volcano eruptions for the lead years

• Studying the influence of
volcano eruptions on climate
variability
• Evaluating the role of
background conditions
• Estimating the influence of
volcanically induced ozone
variations on the prediction
skill

More Information
 Back

^Start

Next →

STRATO-II
Power spectrum of tropical temperature at 30 hPa

• Influence of the stratospheric
solar engine on decadal
variability
• Studying the stratospheric
internal variability and ist
influence on the coupled
atmosphere-ocean system on
decadal time scales

More Information
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FAST-O3-II
Regimes in the stratosphere

• Development of a fast
module to calculate the
stratospheric ozone transport
and chemistry
• Studying of ozone-climate
interactions

More Information
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MOVIECLIP
Bias influence of sea surface temperature (contour lines) on
precipitation and storms

• Influence of ocean circulation
and ocean modes on the
climate in Europe
• Studying the model error in
the Atlantic sea surface
temperature and ist influence
on the atmosphere
• Studying the heat exchnge in
the North Atlantic

More Information
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ATMOS-MODINI

Drews et al., 2015

Bias of the ocean temperature in 273 m depth

• Error correction in the
North Atlantic
• Development of a new
ocean initialisation for the
tropics

More Information
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PROCUP
Predicttability of carbon uptake in the North Atlantic (Western sub-polar
vortex)

Li et al., 2016

• Carbon uptake in the
ocean and ist predictability

More Information
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Module C
Goals:

Model improvement
- Investigating the added
value of regional forecast
towards global ones

Regional climate information

Ensemble generation
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- Studying the predictability
of
regional
climate
extremes
- Coupling
of
additional
climate systems

Model improvement
Atmosphere

Vegetation

• Coupling of the regional
model COSMO CLM with a
regional ocean model

&
Soil

More Information

Ocean

• Improved understanding of
soil-atmosphere
interaction

More Information
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Regional climate information
MSESS Temperature lead year 2-5 CLM ensemble

• Forecast skill of user-relevant
climate indicators

More Information
• Predictability
anomalies

of

climate

More Information
• Analyses
of
climate
variability since 1900
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More Information

Ensemble generation
• Identification of the optimal postprocessing
for
regional
predictions

More Information
• Optimising
the
characteristics

ensemble

More Information
• Generation of regional ensembles
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More Information

Module D
Goals:

FLEXFORDEC

INTEGRATION

OPERATIONS

SUPPORT

- Developing the central
forecast and evaluation
systems
- Operationalisation
- Involving potential users of
decadal predictions

IPRODUCTS
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FLEXFORDEC
Temperature anomaly correlation for B1-LR

Marotzke et al., 2016

• Development of a global
prediction system
• Production of hindcasts
• Data allocation

More Information
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INTEGRATION

• Development of a central
evaluation system

More Information
 Back
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OPERATIONS
Pre-Processing

Simulation

Post-Processing

Boundary data

Historicals

CMOR

Nudging data

Assimilation

Compressing

Re-Forecast

Archive

Forecast

Quality check

• Operationalisation of the
global forecast system
• Implementing of EC-Flow
software

More Information
 Back
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SUPPORT

• Including potential users
from public services and
governmental agencies

User Projects

More Information
 Back

^Start

Next →

IPRODUCTS

• Including potential users
from the private sector

User Projects

More Information
 Back
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Module E
ECO

MOSQUITO

Goals:

DAPAGLOCO

VALOCEAN

STOC

PROMISA

- Studying the effects of postprocessing of the modelling
data (bias/drift adaptation,
re-calibration)

DROUGHTCLIP

STEPCLIM

- Provision
of
observation data sets

PROVESIMAC

CALIBRATION
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new

- Post processing for useroriented purposes

ECO
Schematic of a bias which depends on the prediction time

• Development
of
frameworks for bias and
drift
adaptation,
and
stratified verification

More Information
 Back

^Start

Next →

MOSQUITO
Systematic temperature error of MiKlip simulation in comparison to
radiosonde observations over Europe

• Providing radiosonde data
sets

More Information
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DAPAGLOCO
Example of a global precipitation data set for 29th August 2005

• Development
and
Improvement of a global
precipitation data set with
a daily resolution

More Information
 Back
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VALOCEAN
New approach for the identification of the sub-polar vortex using a closed
contour (brown area) of the 10Sv isoline for each time step

• Comparison and evaluation
of oceanic re-analysis data
in regards to observational
data set
• Construction of time series
of oceanic indices

More Information
 Back
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STOC
Schematic of the ocean influence on storm development on a decadal
time-scale

• Analysis of interactions
between
the
ocean
condition and the activity
of winter storms on a
decadal time-scale

More Information
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PROMISA
Precipitation anomaly in East Africa derived from different observational data
sets

• Process
and
teleconnections
oriented
analyis of the MiKlip
system with focus on West
Africa and the Horn of
Africa

More Information
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DROUGHTCLIP
MSE of an idealised case. Gamma distributed values are corrected with
different methods

• Improvement of the bias
adaptation considering the
quantile relations between
observations and model

More Information
 Back
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STEPCLIM
• Improvement
of
a
statistical
model
that
correlates
atmospheric
variables
with
the
probability
of
strong
weather events
• Implementation of the
statisticl model into the
MiKlip System

More Information
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PROVESIMAC
Result of a satellite simulator (22 GHz channel) for MiKlip Preop-HR

• Provision of satellite
observation data
• Development of satellite
simulators
• Introduction of ensemble
kernel dressing methods

More Information
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CALIBRATION
Schematic of a recalibration. The width of the ensemble distribution
should match the uncertainty of the forecast

• Transfer of known recalibration processes for
issues of decadal forecasts:
Instationarity (climate
trend), model drift, low
ensemble size, non-normal
distributed values

More Information
 Back
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Partners
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Partners

Products and Use Cases

Forecast Website
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Forecast Parameters

User Projects

MiKlip Forecast Website
On the MiKlip forecast website, users can
interactively retrieve climate prediction
information for the next 1 to 10 years.
The forecasts (ensemble mean and
probabilistic)
show
the
probable
development of the climate in terms of
near surface air temperatures globally and
regionally with a special focus on Europe
and the North Atlantic.
More about the evaluation and the skill
traffic light here.
The forecast website will migrate to the
German Weather Service (DWD) at project
end.

Forecast Website
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Evaluation of the MiKlip system
The MiKlip system is evaluated by comparing retrospective forecasts (hindcasts) of
the MiKlip system and two standard reference forecasts – climatology and climate
projections – with past observations.
The skill traffic light indicates if the MiKlip system is not significantly better (red),
significantly better than one (yellow) or significantly better than two (green)
reference forecasts in the past. In the time series, all traffic light categories are
shown (colour of the forecast dots/bars). In the maps data is only shown for those
grid boxes for which the skill traffic light indicates yellow or green.
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Skill Traffic Light

Click on the
traffic light
for examples
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Worse than both references
The forecast provided by
the MiKlip system shows
no
or
minor
improvement
towards
both the climatology and
the climate predictions.

Here, the MiKlip forecast
is not signifcantly better
than the climatology and
worse than the climate
projection.
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Better than one reference
The forecast provided by
the MiKlip system shows
significant improvement
towards
either
the
climatology
or
the
climate predictions.

Here, the MiKlip forecast
is signifcantly better than
the climatology, but not
significantly better than
the climate projection.
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Better than both references
The forecast provided
by the MiKlip system
shows
significant
improvement towards
both, the climatology
and
the
climate
predictions.
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wind

Heat waves

floodings

Forecast Parameters

Temperature

Heat waves

floodings

Climate change induced temperature changes on
a regional scale could result in warmer winter
and/or hotter summers. This would effect
forestry and agriculture directly:

wind

-

More temperature robust species / other
species would have to be cultivated
Warmer temperatures (in connection with
less frost days) can favour the development
of pests

Extreme temperatures over several consecutive
days are called heatwaves.
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Frost days
The occurance of frost days or the absence
thereof can affect sectors like forestry or
transport:

Heat waves

floodings

-

wind

-

-
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Mild winters, i.e. absence of extended frost
periods can lead to increasing populations of
pests
Late frost days in spring can affect the forest
health and cause plant illnesses and followup damage
Frost days can also be linked with delays or
cancellations in air transport

Heat waves
The occurance of heat waves can affect sectors
like renewable energy production, water
management or humanitarian aid:

Heat waves

floodings

-

wind

-

-
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Heat periods can decrease the efficiency of
solar panels and cause server problems for
regulating the energy stability
During heat periods more water is used,
while less is abundant. Water temperatures
can cause bacteria and algae to grow
Heat waves can cause damage to health and
especially in moist areas the spreading of
diseases

Precipitation
Changes in the annual precipitation and/or the
distribution throughout the year have effects on
agriculture, forestry and water management:

Heat waves

floodings

-

wind

-

-
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Crops with higher resistancy to dry periods
might have to be bred and cultivated
The timing of successful reforestation
depends on the abundance of precipitation.
Forecasts can help avoiding dry periods or
identifying ideal planting times.
Changes in the distribution of precipitation
throughout the year has influence on the
treatment and distribution of drinking water

Droughts
Climatic extremes like droughts have great
impact on agriculture, forestry, water
management, and can require humanitarian aid:

Heat waves

floodings

-

wind

-

-
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Droughts can damage agricultural production.
Crops with higher resistancy to dry periods
might have to be bred and cultivated
The timing of successful reforestation
depends on the abundance of precipitation.
Forecasts can help avoiding dry periods or
identifying ideal planting times.
Droughts also change the abundance and
quality of drinking water
Extreme droughts might produce the need
for humanitarian aid to avoid thirst and
starvation

Floodings
Climatic extremes like floodings have great
impact on forestry, water management, and can
require humanitarian aid:

Heat waves

floodings

-

wind

-

-
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Too much water can negatively influence the
health of a forest
Floodings require a proper drainage
management to avoid damage to people and
property. It also can affect the quality of
drinking water
Floodings produce the need for humanitarian
aid to avoid the spreading of diseases due to
contaminated drinking water and lack of
hygiene

Wind

 Back

Heat waves

floodings

The abundance of wind, its strength and its
distribution are key elements for the planning
and establishing of new wind energy plants.

wind
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Thunderstorms
Changes in the occurance of severe thunderstorms
have effects on forestry, water management,
insurances and humanitarian aid:

Heat waves

floodings

-

wind

-

-
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Severe thunderstorms can cause large damages
to forest areas, both in the destruction of trees
and in the concluding increases in pests who
feed on the dead wood
Severe thunderstorms and the consecutive
floodings require smart drainage systems to
avoid damages to people and property
Insurances of course are also interested in the
occurance of possibly damaging thunderstorms
Severe storms can also create the need for
humanitarian aid.

Wind gusts
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Heat waves

floodings

Also of interest for insurances is the change of
occurance for wind gusts, whether or not they
are connected with thunderstorms, as they can
create damage due to falling trees, etc.

wind
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User Projects
IPRODUCTS

SUPPORT

(for private sector users)

(for public sector users)

Different users have different interests regarding the parameters of future climate.
Currently interested users originate from:

Agriculture (1)

Agriculture (2)

Energy (1)

Energy (2)

Tourism/Transport

Insurance
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Forestry

Water management

Humanitarian Aid

Tourism / Transport
Basic question:
The main reason for weather dependent flight delays are temperature below 0 °C. How
does climate variability change concerning frost days?
Climate variable:
Frost days
Region:
Europe
Time horizon:
Company plans exist for 1 and 5 years
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Supports UN Sustainable Development Goals:

Tourism / Transport
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Tourism / Transport
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Agriculture (1)
Basic question:
Site identification of test areas for laboratory bred seeds: where do similar climatic
conditions prevail in the next 10 years, that climate projections predict for the next 30
years?
Climate variable:
Consecutive dry days, droughts
Region:
Europe (divided in north, east, south
and west)
Time horizon:
1, 5, 10 years
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Supports UN Sustainable Development Goals:

Agriculture (1)
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Agriculture (2)
Basic question:
How does climate change in the most important production areas concerning the optimal
growing temperatures for bananas?
Climate variable:
Optimal temperature range 22-31 °C
Region:
South Africa, West Africa, South America, Central America
Supports UN Sustainable Development Goals:

Time horizon:
1, 10 years
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Agriculture (2)
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Energy (1)
Basic question:
Dealing with monitoring solar panel performance, the climatic development of heat days
causing server outages as well as global radiation changes are of interest.
Climate variable:
Heat days, global radiation
Region:
Global
Supports UN Sustainable Development Goals:

Time horizon:
1, 3 years
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Energy (2)
Basic question:
To date the company uses statistical projection up to 20-25 years ahead based on MERRAreanalysis for region specific wind speed analysis. Is it possible to improve the prediction
of the climatic development of mean wind speed and wind extremes using MiKlip data?
Climate variable:
Wind speed (mean + standard deviation and 50th, 75th, 90th percentile)
Region:
Europe and North America
Time horizon:
1, 10 years
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Supports UN Sustainable Development Goals:

Insurance
Basic question:
To date the company uses company-owned damage data of the last 30 years to estimate
changes of wind damages to premises or buildings. Can the prognostic value for tariff
calculations be improved using MiKlip data?
Climate variable:
Days with wind gust speed greater than 17.2 m/s, heavy thunderstorms
Region:
Northwest Germany
Time horizon:
1, 5 years
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Supports UN Sustainable Development Goals:

Forestry
Basic question:
For reforestation and forest maintenance, future climate may effect the health of trees. Which
trees have to be planted to generate a healthy forest that can withstand climate change? How
does climate change effect the appearence of pests, like woodboring beetles, or plant illnesses?
Climate variable:
Mean annual temperatures, mean annual precipitation, length of vegetation period
Floodings, droughts, heavy thunderstorms
Region:
Central Germany

Supports UN Sustainable Development Goals:

Time horizon:
Summer, winter, 4 - 10 years
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Forestry – Adaptation of forest to climate change
Issue:
Due to climate change and its consequences, site-related factors of forest ecosystems
change. Variations to the annual temperatures, especially during the vegetation period
can cause stress to climate sensitive species. Extreme weather events like increased
abundance of storms, droughts or floodings can cause additional harm to the health of a
forest. Pests and illnesses related to changes in temperatures (e.g. mild winters) can
damage a forest plantation not prepared for these challenges.
Goals:
Maintain healthy forests that are well-prepared for a future with climate change.
Therefore the current forest has to be monitored to estimate the impacts of current
climates. Knowledge of future climates through climate prediction can help to renovate
current forests by planting climate resistant species.
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Forestry – Planting
• Planning time scale around 10 years
• Mostly in spring time or autumn
• High risks through dry periods during first 3-4
months
Potential use for decadal predictions:
Avoiding plantations in forecasted dry periods
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Forestry – Forest Protection (pests)
• In warm dry summers up to three generations
of woodboring beetles

• Storms „deliver“ food
• Fast response to remove fallen trees necessary
Potential use for decadal predictions:
Generating spatial and temporal focus areas for
storm damage removal
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Forestry – Forest Protection (illnesses)
E.g. Oak tree complex illness
• Triggered through climate extremes (lack of
precipitation, late frost events)
• Leave feeding through pests
→ loss of vitality
• Further illnesses (mildew)
Potential use for decadal predictions:
Prognosis for the development of the further oak
population, basis for a decision-making tool
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Humanitarian Aid
Basic question:
Climate change induced extreme weather events increasingly cause severe damage and
threaten lives and health of the local population. To date, only reaction to an event was
possible, when the damage was done already. Can climate predictions help to take
preventative action, before such an event occurs?
Climate variable:
Floodings, heavy thunderstorms (tropical storms), heat waves, cold spells, droughts

Region:
Global

Supports UN Sustainable Development Goals:

Time horizon:
1 year, 4-10 years
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Humanitarian Aid
Number of damage events 1980 to 2016
Geophysical events: earthquake,
tsunami, volcanic activity
Meteorological events:
Tropical storm, extra-tropical
storm, convective storm, local
storm
Hydrological events:
Flooding, land slide
Climatological events:
Extreme temperatures, drought,
forest fire
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Water Management
Basic question:
In urban areas with large quantities of sealed ground, extreme weather events can cause
floodings. Additional, shifts in the distribution of precipitation throughout the year, or
droughts influences the water supply and its quality. Can decadal predications help to take
preventative measures?
Climate variable:
Precipitation, heavy thunderstorms, droughts, heat waves

Region:
Central Germany

Supports UN Sustainable Development Goals:

Time horizon:
1 to 10 years
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Water Management – too much water
Issue:
• Heat waves cause heat islands in urban areas which stimulate convective events
• Constructions and high-value/high-technological inventaries cause higher damage
and higher vulnerability during loss or outage
• Increasingly concentrated precipitation (annual distribution of precipitation changes )
Goals
• Better prediction / warnings
for extreme events
• Mid- and longterm preventative
preparation
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Water Management – too little water
Issue:
• Extended heat waves/droughts can limit the water supply, while the demand is
increased
• Evaporation increases and can lead to ecological damages
• As the remaining water reserves heat up, bacteria and algae can grow and influence
the water quality in a negative way (changes in the annual precipitation distribution
can have similar effects)
Goals
• Better prediction / warnings
for droughts
• Mid- and longterm preventative
preparation
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The UN Sustainable Development Goals
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Goal 2 - Zero Hunger
Example of targets (taken from the UN website):
•
•
•
•
•

End hunger and malnutrition (2.1 and 2.2)
Double agricultural productivity (2.3)
Ensure sustainable food production and resilient agricultural
practices (2.4)
Maintain ecosystems (2.4)
Strengthen capacity for adaptation to climate change, extreme
weather, drought, flooding, etc (2.4)

Example measures supported by decadal climate prediction (e.g. MiKlip):
Agriculture (1)
 Back
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Forestry

Humanitarian Aid

Goal 6 – Clean Water and Sanitation
Example of targets (taken from the UN website):
•
•
•
•
•

Clean and affordable drinking water and sanitation (6.1 and 6.2)
Improve water quality by decreasing pollution and wastewater
treatment(6.3)
Increase water-use efficiency, ensure sustainable supply of
freshwater (6.4)
Implement water resources management (6.5)
Protect water-related ecosystems (6.6)

Example measures supported by decadal climate prediction (e.g. MiKlip):
Water management
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Goal 7 – Affordable and Clean Energy
Example of targets (taken from the UN website):
•

Access to affordable, reliable and modern energy services (7.1)

•

Increase substantially the amount of renewable energy (7.2)

•

Double the global rate of improvement in energy efficiency (7.3)

Example measures supported by decadal climate prediction (e.g. MiKlip):
Energy (1)
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Goal 9 – Industry, Innovation and Infrastructure
Example of targets (taken from the UN website):
•

Develop quality, reliable, sustainable and resilient infrastructure to
support economic development and human well-being (9.1)

Example measures supported by decadal climate prediction (e.g. MiKlip):
Transport
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Goal 12 – Responsible Consumption and Production
Example of targets (taken from the UN website):
•
•
•
•

Implement sustainable consumption and production (12.1)
Sustainable management and efficient use of natural resources
(12.2)
Fight food waste along all processes from production to consumer
(12.3)
Reduce pollution and waste generation (12.4 and 12.5)

Example measures supported by decadal climate prediction (e.g. MiKlip):
Agriculture
(1)
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Energy
(2)

Forestry

Water management

Goal 13 – Climate Action
Example of targets (taken from the UN website):
•
•
•

Resilience and adaptive capacity to climate-related hazards and
natural disasters (13.1)
Integrate climate change measures into national policies, strategies
and planning (13.2)
improve education, awareness-raising and human and institutional
capacity on climate change mitigation, adaptation, impact reduction
and early warning (13.3)

Example measures supported by decadal climate prediction (e.g. MiKlip):
Agriculture
(1)

Agriculture
(2)
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Energy
(2)

Transport

Forestry

Water
management

Humanitarian Aid

Insurance

Goal 15 – Life on Land
Example of targets (taken from the UN website):
•
•
•
•
•

Conservation, restoration and sustainable use of terrestrial, mountainous and
freshwater ecosystems and their biodiversity (15.1 and 15.4)
Sustainable forest management, reforestation, afforestation (15.2)
Combat desertification, degradation of natural habitats and biodiversity,
restore degraded land and soil (15.3 and 15.5)
Protect endangered species (15.7)
Integrate ecosystem and biodiversity values into national and local planning
(15.8)

Example measures supported by decadal climate prediction (e.g. MiKlip):
Agriculture (1)
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Forestry

Water management

