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1. Executive summary
IC3, MetOffice and MPG organised an international workshop on decadal prediction held in
Offenbach/Germany on the 24th and 25th of February 2015. This workshop brought together the
German project MiKlip and the EU FP7 project SPECS, as well as participants from other decadal
prediction communities, such as the EU FP7 project EUPORIAS, the CLIVAR-DCVP and the WCRP
DCPP (decadal climate prediction project). The workshop was organised in parallel sessions of MiKlip
(23-24.2) and SPECS (24.2) and a joint SPECS/MiKlip session (25.2). Decadal prediction tasks for
international groups participating in CMIP6 were also discussed. The Met Office has continued
development of an informal international exchange of real-time multi-annual to decadal forecasts and
developed a website display.
UK Met Office activities have enhanced information available to National Meteorological and
Hydrological Services (NMHSs), Regional Climate Centres (RCCs) and Regional Climate Outlook
Forums (RCOFs) – including through the developing exchange of multi-annual to decadal forecasts.
Met Office SPECS representatives have worked with WMO and in particular the WMO Lead Centre for
Long-Range Multi-Model Ensembles (LC-LRFMME) to enhance information available to NMHSs,
RCCs and RCOFs – working mainly through three channels:
1) The WMO Task-Team (TT) developing the Global Seasonal Climate Update (GSCU) product
2) The WMO Expert Team for Operational Predictions from Sub-seasonal to Longer-time Scales
(ET-OPSLS)
3) Support for Regional Climate Outlook Forums (RCOFs) in the Greater Horn of Africa and
Europe
Met Norway developed an R-package for climate analysis and empirical-statistical downscaling (ESD).
This package is designed to facilitate the creation of a number of different types of visualisations of
model skill and to evaluate the quality of the model results. A lot of the figures and ideas incorporated
in this tool are a product of synergy between SPECS and NMHSs & RCCs from Brazil, Bangladesh
and Tanzania. Met Norway took particular advantage of public exposure facilities such as GitHub,
Twitter and Facebook to disseminate, discuss and improve on their tool.
KNMI developed a new simple empirical system for predicting seasonal climate across the globe
(jointly with WP5.1). The system is hosted on KNMI explorer and is designed to help RCOFs, NMHSs
and RCCs with their forecasting activities. A rigorous framework has been designed to validate both
the deterministic and probabilistic aspects of the prediction system. This empirical forecast system
was presented at a WMO-organised training workshop for the participants of the Mediterranean
Climate Outlook Forum (MedCOF) in Madrid during October 2015. The goal of this training workshop
was to give a comprehensive overview of the forecast system in addition to an introductory tutorial on
the key features of the KNMI Climate Explorer. The forecast system was subsequently presented and
used at the MedCOF5 in Marrakech during November 2015. The system was a valuable tool for
coming to a census forecast for winter 2015/2016 for the Mediterranean basin.
KNMI has also extended the climate runs performed with EC-Earth 2.3 at KNMI and hosted on KNMI
Climate Explorer. Work is also in progress on consolidating hosted datasets to comply to the CMIP5
Data Reference conventions, as a requirement for future hosting on the ESGF portal.
ECMWF’s contributions to this deliverable are contained in the following aspects:
-

Development of a verification and calibration software suite (jointly with WP5.3) for better
dissemination and production of forecasting skill assessments.
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-

Support for new joiners of the EUROSIP multi-model seasonal forecasting system

-

Attendance to RCOFs to disseminate and discuss ECMWF’s latest seasonal forecasts

-

Facilitation of ECWMF System 4 reforecast retrievals for the WMO Lead Centre for LongRange Multi-Model Ensembles (LC-LRFMME)

2. Project objectives
With this deliverable, the project has contributed to the achievement of the following objectives (see
DOW Section B.1.1.2):
No.

Objective
Yes
1. To achieve an objective exhaustive evaluation of current forecast quality
from dynamical, statistical, and consolidated systems to identify the
factors limiting s2d predictive capability

No
X

2. To test specific hypotheses for the improvement of s2d predictions,
including novel mechanisms responsible for high-impact events using a
process-based verification approach

X

3. To develop innovative methods for a comprehensive forecast quality
assessment, including the maximum skill currently attainable

X

4. To facilitate the integration of multidimensional observational data of the
atmosphere-ocean-cryosphere-land system as sources of initial
conditions, and to validate and calibrate climate predictions

X

5. To achieve an improved forecast quality at regional scales by better
initialising the different components, an increase in the spatial resolution
of the global forecast systems and the introduction of important new
process descriptions
6. To assess the best alternatives to characterise and deal with the
uncertainties in climate prediction from both dynamical and statistical
perspectives for the increase of forecast reliability

X

X

7. To achieve reliable and accurate local-to-regional predictions via the X
combination and calibration of the information from different sources and
a range of state-of-the-art regionalisation tools
8. To illustrate the usefulness of the improvements for specific applications X
and develop methodologies to better communicate actionable climate
information to policy-makers, stakeholders and the public through peerreviewed publications, e-based dissemination tools, multi-media,
examples for specific stakeholders (energy and agriculture), stakeholder
surveys, conferences and targeted workshops
9. To support the European contributions to WMO research initiatives on X
s2d prediction such as the GFCS and enhance the European role on the
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No.

Objective
Yes
provision of climate services according to WMO protocols by creating
examples of improved tailored forecast-based products for the GPCs
and participating in their transfer to worldwide RCCs and NHMSs.

No

3. Detailed report on the deliverable
3.1. IC3, MetOffice and MPG contribution
IC3, MetOffice and MPG organised an international workshop on decadal prediction, which was held
in Offenbach/Germany, 24 and 25 February 2015. This workshop brought together the German project
MiKlip and the EU FP7 project SPECS, as well as participants from other decadal prediction
communities, such as the EU FP7 project EUPORIAS, the CLIVAR-DCVP and the WCRP DCPP
(decadal climate prediction project). The workshop was organised in parallel sessions of MiKlip (2324.2) and SPECS (24.2) and a joint SPECS/MiKlip session (25.2). Decadal prediction tasks for
international groups participating in CMIP6 were also discussed. The full agenda and further
information is available from http://fona-miklip.de/en/1082.php.
The SPECS part of the meeting satisfies milestone MS62 “Joint RT6 international targeted workshop
on the applications of decadal forecasting in collaboration with the German-funded Miklip project and
other international activities including GFCS and CSP”. The SPECS partners were also expected to
address several issues related to the project: a) the meeting allowed sharing recent results from the
coordinated experiments and should help identifying the main challenges of decadal prediction for the
20 months remaining of SPECS and b) it offered a unique occasion for SPECS to play an important
role in defining the decadal prediction experiments for CMIP6, the strategy for experiment definition,
and the list of variables for the DCPP and DECK CMIP6 experiments. During the meeting members
from SPECS/MiKlip/DCPP/DCVP jointly agreed for a road map of the DCPP endorsed MIP proposal.
Particular emphasis was given on Component C, and the design of the experiments.
More and detailed information about the workshop is summarized in the workshop report that is
available under MS62.
3.2. UK Met Office contribution
GSCU: The forecast component of the GSCU is based on multi-model predictions of temperature and
precipitation from the 12 WMO-designated GPCs – generated by the LC-LRFMME. Acting on
guidance from the TT (chaired by the Met Office) multi-model products (anomalies and probabilities)
are now generated, using a subset of models, using a common climate baseline of 1983-2001. The
forecast products are constructed by the Korean Meteorological Administration (KMA) using input from
the GPCs. KMA operate the WMO LC-LRFMME jointly with NOAA NCEP. These products have the
advantage (not currently available from most other multi-model initiatives) of being referenced to a
well-defined baseline period – a feature that increases usability and ease of verification. As an
example, predicted rainfall anomalies from the 12-model (mixed baseline) and 8-model subset (19832001 baseline) for September-November 2015 are compared in Figs.1a and 1b, respectively. Signals
are broadly similar between the two multi-models – though there are differences in amplitude in some
regions (e.g. over the maritime continent). Verifying observations for SON 2015 precipitation are
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shown in Fig. 1c and indicate that good guidance was provided for most regions with anomalous
rainfall (e.g. dry over Caribbean and northern South America, maritime continent and northern India;
wet over eastern central south America, southern North America, extreme south of India), although
some observed anomalies were not well captured (e.g. wet over southeastern China). Hindcast
verification of individual models and the multi-model over this baseline and against common
observational datasets has also been prepared. Multi-model verification (anomaly correlation) for SON
is provided in Fig. 1d. The global average anomaly correlation skill (0.22) exceeds that of the most
skilful component model (0.20) - confirming the superiority of multi-model forecast (see e.g. Hagedorn
et al. 2005). LC-LRFMME and the GSCU also provide probability forecasts and verification, for brevity
the examples shown here are restricted to deterministic forecasts.
ET-OPSLS: SPECS results and representation have been input at workshops on seasonal prediction
sponsored by WMO 1) The WMO workshop on Operational Long-range Forecasting: GPCs and
RCCs, in support of NMHSs and RCOFs, Brasilia, Brazil, 25 - 27 November 2013, and 2) the first
WMO Workshop on Operational Climate Prediction, IITM, Pune, India, 9-11 November 2015. A key
aim of these workshops is to improve working links between GPCs, RCCs, NMHSs and RCOFs with
particular focus on expanding the forecast data supplied by GPCs. Key outcomes have been:
 Provision of predictions of SST indices covering the Indian Ocean and tropical Atlantic are now
mandatory for GPCs;
 Forecasts for “extremes” (outer quintiles) are now a highly recommended forecast product to
be supplied by GPCs;
 Display of forecasts for lead-times longer than 1-month are now included on the LC-LRFMME
website for those models that generate forecasts for longer lead times.
Access to LC-LRFMME products was formerly available only to GPCs, RCCs, NMHSs and centres
coordinating RCOFs. Met Office has been instrumental in coordinating an opening up of access,
including to research centres. As of May 2015 research centres may access the data provided the
reason for access is to support the operations of one or more of the former entities, following a formal
request.
Met Office SPECS research on multi-annual to decadal prediction (e.g. Hermanson 2014; Knight et al.
2014) and also progress with the SPECS supported informal exchange of international multi-annual to
decadal predictions, led by the Met Office (see below and Smith et al. 2012) have been communicated
through the ET-OPSLS to high-level WMO meetings (e.g. 16th session of Commission for Climatology,
2014; Commission for Basic Systems, 2014; 17th WMO Congress, 2015). This has led to growing
support in the community to place the Met Office led informal exchange on a more operational footing
through a WMO Lead Centre for Near Term Climate Prediction LC-NTCP. The LC-NTCP would make
multi-model multi-annual to decadal predictions available to NMHSs, RCCs and RCOFs following
similar standardization protocols used for seasonal forecasting. Plans will be reviewed at the next
meeting of the ET-OPSLS in April 2016.
RCOFs: With SPECS support the Met Office has channelled support from the WMO GPCs into the
production of consensus seasonal forecasts for the Greater Horn of Africa generated at Greater Horn
of Africa Climate Outlook Forums (GHACOFs). In these forums, local and regional scientists are
assisted in interpreting forecasts from the WMO GPCs and to including their various forecast signals,
together with those from locally generated statistical forecast methods, in the final consensus product.
Research conducted by the Met Office under WP5.3 to correct for spatial (positioning) errors in GPC
forecasts and to combine inputs from up to 5 GPCs is applied in the process and local scientists are
trained in the methodology. All GHACOF meetings since 2013 (3 each year) have been supported
(bar one – due to security issues) – the most recently attended include: GHACOF 38 (August 2014,
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Addis Ababa), GHACOF 39 (February 2015, Nairobi), GHACOF 40 (May 2015, Djibouti), GHACOF 41
(August 2015, Dar Es Salaam). Eleven countries participate in GHACOF and are served by the
regional consensus forecast, specifically: Burundi, Djibouti, Eritrea, Ethiopia, Kenya, Somalia, Sudan,
South Sudan, Rwanda, Tanzania and Uganda. The consensus provides a valued regional context
within which country NMHSs develop their national-scale seasonal forecasts. Winter RCOFs for
Southeast Europe (SEECOF) and also for the Mediterranean region (MedCOF) have also been
supported.
With part funding from SPECS a spreadsheet training tool has been developed which allows “hands
on” experience with GPC ensemble hindcast and forecast data. The tool allows users to become
familiar with concepts such as ensemble mean, ensemble spread, probability forecasts and reliability
(a measure of skill for probability forecasts) and to validate GPC performance for a selected region
using correlation and reliability and Relative Operating Characteristic (ROC) diagrams. The
spreadsheet tool will be used in training at future RCOFs and other international workshops.

a)

b)

c)

d)

Figure: 1: September-November (SON) 2015 WMO GPC multi-model ensemble mean rainfall forecasts (initialised in August)
and hindcast verification generated by the LC-LRFMME and featuring in the developing WMO Global Seasonal Climate
Update. Real-time verification for SON 2015 is also shown: a) 12-model multi-model using average of each model’s predicted
anomalies relative to its own reference hindcast period (mm/day); b) as (a) but for a subset of 8 models for which hindcasts
are (i) available and (ii) cover at least the period 1983-2001, which is used as the common reference period; c) Observed
SON 2015 rainfall anomalies from CAMSOPI expressed relative to 1983-2001 (mm/day) (courtesy KNMI Climate Explorer);
d) Anomaly correlation skill of the 8 model multi-model SON forecasts over the period 1983-2001 (reference dataset =
GPCP).
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Real-time decadal forecast exchange: The MOHC is coordinating an informal exchange of real-time
multi-annual to decadal forecasts with the aim of assessing and understanding differences and
similarities between forecasts, identifying a consensus (multi-model ensemble) view in order to
prevent over-confidence in a single model, and establishing current collective capacity. In addition, the
informal exchange is a necessary step in developing infra-structure and protocols such that
multi-annual to decadal predictions can be incorporated into the Climate Service Information System
(CSIS) of the Global Framework for Climate Services (GFCS). Five exchanges have taken place so
far: specifically for forecasts starting nominally on 1st January 2011-15. Details of the first two
exchanges, including a description of forecasts and verification, are provided in Smith et al. 2012.
Each exchange consists of up to 9 dynamical climate models and 3 empirical techniques. Both
initialized and uninitialized predictions are exchanged so that the impacts of initialization can be
assessed. Analysis so far has focused on generating, for each individual model and the multi-model,
global maps of forecast near-surface temperature averaged over the first year and subsequent 5 year
periods. With support from SPECS the variables exchanged has been expanded to include
precipitation, mean sea level pressure, and the Atlantic Meridional Overturning Circulation. A website
(http://www.metoffice.gov.uk/research/climate/seasonal-to-decadal/long-range/decadal-multimodel)
has also been developed under SPECS to display all individual contributor forecasts and multi-model
products in a standard format.
3.3. Met Norway contribution
Here follows a demonstration and brief description of the R-package esd, created by Met Norway. The
figures and ideas shown here are a product of the synergy between SPECS and NMHSs & RCCs
from Brazil, Bangladesh and Tanzania.
The following figures are the products of R-scripts which downscale precipitation in Brazil and produce
graphics showing rough maps for the ensemble mean of the 41 first ensemble members for the total
seasonal precipitation (pt ):
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The wet-day seasonal mean frequency (fw):

The seasonal wet-day mean precipitation (μ):
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The total precipitation is pt = n ∑ fw μ, and the downscaling was based on a so-called model output
statistics (MOS) approach, where previous hindcasts were used to calibrate the model. The
predictable signal is associated with El Niño Southern Oscillation (ENSO), and the impact is seen in
the number of rainy days rather than the amount falling on the rainy days.
These graphics have initially been shared on twitter with hash-tag @SpecsEu, but other platforms for
dissemination are being contemplated, such as R-Shiny (http://shiny.rstudio.com/). There are various
ways of presenting different types of information, such as probabilities and past skill scores, although
the set of hindcasts used here (ECMWF EC4 with least 41 members) is too short for proper
evaluations.
The R-package ‘esd’, available on GitHub (https://github.com/metno/esd) and shared on Facebook
(https://www.facebook.com/Rclimateanalysis), that provides the bulk of the methods for the MOS
analysis, has a number of different types of visualisation of model skill and the quality of the model
results. Some of these have been developed for the use in climate projections, but may also work for
seasonal forecasting (example below is for Tanzania).
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Similar work making use of MOS in seasonal forecasting has been carried out in cooperation with the
Bangladesh Meteorological Department (BMD) for temperature and precipitation:
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Some ideas concerning the presentation of the seasonal forecasts were developed through a synergy
between SPECS and a collaboration with BMD, e.g showing the results for single stations. The figure
shows an example of the downscaled minimum temperature (grey symbols), the observation (black
symbols) and the original seasonal forecasts interpolated to the station (blue crosses). The MOS
results and the original seasonal forecasts from the IFS differ, which indicated a potential of improving
the skill through the use of MOS.
The work in Brazil and Bangladesh different in the former making use gridded data whereas the latter
was applied to a set of station records. Similar figures as the time series shown above may be made
for e.g. the leading EOF for the gridded values for Brazil, but can also be made for single grid-box
values. Other ways of presenting the forecasts may consist of histograms of the ensemble members
downscaled for a single site, as shown below. This graphic also indicates the direct results for the
seasonal forecasts (blue line).
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On a more technical side, the MOS is applied to the surface temperature from the IFS seasonal
forecasts (S4), which is designed to latch onto the ENSO signal, expressed in terms of empirical
orthogonal functions (EOF) estimated for the entire ensemble (figure above). These EOFs are then
used in a multiple regression analysis to calibrate the MOS model (below). The short record of
hindcasts precludes a thorough validation analysis of the method, however, it captures a well-known
teleconnection pattern where north-eastern part of Brazil is associated with droughts during El Niño
episodes. Graphics such as the latter ones are not ideal for the general public, but may be informative
for the more advanced user.
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3.4. KNMI contribution

Dissemination of seasonal forecasts from empirical prediction system
A new simple empirical system for predicting seasonal climate across the globe has been developed
and validated as part of WP5.1. The system is based on multiple linear regression and produces
probabilistic forecasts for surface air temperature and precipitation using a number of predictors based
on well-understood physical relationships. The global CO2-equivalent concentration is taken as the
primary predictor as a representation of the climate change signal; subsequent predictors, including
large-scale modes of variability in the climate system and local-scale information, are selected on the
basis of their physical relationship with the predictand. A rigorous framework has been designed to
validate both the deterministic and probabilistic aspects of the prediction system. Further details of the
development of the empirical prediction system and its validation can be found in Eden et al. (2015).
The prediction system will have two purposes: (a) to serve as a benchmark for assessing and
comparing the skill of dynamical forecast systems; and (b) to act as an independent forecast system in
combination with predictions from dynamical systems. Key to achieving these goals will be the
system’s implementation in a quasi-operational framework. Empirical forecasts are produced for each
three-month season with a one-month lead time (e.g. Figure 11) and made available online through
the KNMI Climate Explorer on the first day of each month (the September-October-November 2015
forecast thus being made available on 1 August 2015). Plots show ensemble mean forecast
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anomalies for both surface air temperature and precipitation and are accompanied with updated
validation plots (e.g. Figure 12) detailing relevant skill scores.
Recent developments have included improved spatial resolution and an extension to sea level
pressure forecasts. In addition to forecasts and validation statistics, information describing ensemble
spread is now also available via the Climate Explorer web portal. It is hoped that further development
will include further improvement to forecasts resolution and spatial coherency of individual ensemble
members.
The empirical forecast system was presented at a WMO-organised training workshop for the
participants of the Mediterranean Climate Outlook Forum (MedCOF) in Madrid during October 2015.
This presentation included a comprehensive overview of the forecast system in addition to an
introductory tutorial on the key features of the KNMI Climate Explorer. The forecast system was
subsequently presented and discussed at the MedCOF5 in Marrakech during November 2015. In
accordance with a specific request from the MedCOF5 organisers, empirical forecasts were produced
at a spatial resolution of 1° x 1° for the Mediterranean region to facilitate discussion. There is scope
for such higher-resolution forecasts to be made publicly available for key regions where the
observational data required to produce and validate the forecasts is of sufficient quality.

Figure 11: Global surface temperature forecast anomalies (with respect to 1981-2010) for February-March-April 2016.
Available at https://climexp.knmi.nl/specs.cgi.
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Figure 12: Correlation between hindcast ensemble means and observations for global surface temperature (with respect to
1981-2010) for February-March-April 2016. Available at https://climexp.knmi.nl/specs.cgi.

Extension of climate data archive in the Climate Explorer
The output of some of the climate runs performed with EC-Earth 2.3 at KNMI has been processed.
The output consists in 16 members, spanning the years 1860-2100 under RCP85. Daily and monthly
averages of surface variables of interest (total precipitation, T2m, U10m, V10m, solar surface net
radiation, and mean sea level pressure) are now available. These simulations played a crucial role in
the construction of the Dutch KNMI’14 Climate change scenarios (see e.g. Van den Hurk et al, 2014)
[not a SPECS publication].
We are currently consolidating the data sets to conform to the CMIP5 Data Reference Syntax
conventions, i.e. adding/correcting some metadata. This conformance is required for porting the data
to our future ESGF node. The monthly data sets are already available on Climate Explorer.
3.5. ECMWF contribution
ECMWF has been working on a new/re-structured/re-engineered software suite, designed both for
research, product development, verification and (eventually) operational graphical and data product
production. In particular, the new software will provide much better support for multi-model products.
Work on new multi-model products is considered part of WP5.3, but the substantial engineering of the
whole suite is considered to be (in part) a contribution to the development of improved operational
dissemination of products. It is intended that ongoing development of this software will become a
shared activity with C3S, as C3S takes over operational production of multi-model seasonal forecast
products. An original assessment of the improvements this software suite provides is hosted on
https://software.ecmwf.int/wiki/display/SPECS. With the development of the new software suite,
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ECMWF successfully achieved its goals for the improvement of operational dissemination of multimodel EUROSIP seasonal predictions. More information on this new software suite is available in the
WP5.3 2nd periodical report and Milestone 5.3 – Prototype of optimally combined European GPC
products.
ECMWF has also continued to support the EUROSIP multi-model seasonal forecast system, including
providing additional support for new modelling centres wishing to join. This has been particularly
helpful to facilitate the future integration of the dwd forecast system, the JMA forecast system and
MeteoFrance’s new Arpege-5 forecast system.
In addition, ECMWF attended and participated in 3 Mediterranean Climate Outlook Fora, more
particularly, MedCOF3, held in Antalya, Turkey (Nov 17th~18th 2014), MedCOF4, as online-only
meeting (Apr 17th ~ May 26th 2015) and MedCOF5 (Nov 23rd~26th), held in Marrakech, Morocco. Note
that MedCOFs are organised in conjunction with SEECOFs and PRESANORD, which are focused on
the North-Africa and the Balkan region. The goal of MedCOF, SEECOF and PRESANORD is to create
a consensus forecast for the coming season in Mediterranean region, including regions of North-Africa
and the Balkan peninsula. ECMWF’s operational forecasts are crucial for the proceedings of these
RCOFs, since being one of the most skilful forecasts, ECMWF’s forecasts are used to initiate regional
models in the region. Having an ECMWF representative attending those RCOFs helps to ensure a
consistent usage and interpretation of the forecasts. KNMI’s SPECS empirical forecast was also
presented and used during these RCOFs. The feedback on the empirical forecast as given to the
ECMWF representative at the RCOFs was: “Overall very useful, easy to use and comprehensive.”
Furthermore, the attendance to these RCOFs helped to expose important issues with ECMWF’s
newest dissemination method on the new website. These issues were relayed to the relevant services
at ECMWF.
Since November 2015, European Council has agreed to disseminate ECMWF’s System 4 reforecast
to the World Meteorological Organisation (WMO) Lead Centre for Long-Range Multi-Model Ensembles
(LC-LRFMME). SPECS representatives from ECMWF have helped to facilitate the dissemination to
the lead centre by liaising with the ECMWF data services and the lead centre directly. It is expected
that the WMO members will greatly benefit from this new access to S4 – the lead centre will now be
able to include hindcasts from a skilful forecast system into their deterministic and probabilistic multimodel ensemble (MME) products. These MME products will from now on be based on reforecast data
from 12 WMO Global Production Centres (GPCs), including ECMWF. Note that these MME products
contain useful verification plots used by the lead centre members, i.e. GPCs, Regional Climate
Centres (RCCs), bodies coordinating Regional Climate Outlook Forums (RCOFs) - as designated or
recognised by the WMO as well as National Meteorological and Hydrological Services (NMHSs). The
MME products will be disseminated through not only the LC-LRFMME website (www.wmolc.org), but
also through the WMO Global Seasonal Climate Update (GSCU) in the near future.
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5
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2
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