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1. Executive Summary

Different EUPORIAS activities require global and regional (downscaled) predictions
to build sector-specific indicators (WP22) and to feed different impact models
(WP23) in agriculture, hydrology, energy, etc., among others. Since seasonal
predictability strongly varies from region to region and from season to season,
assessing the skill of state-of-the-art operational seasonal forecasting systems in the
different regions of the world is a key task for these activities. This allows identifying
the most suitable regions for impact applications on seasonal time-scales. Moreover,
since several seasonal forecasting systems are available nowadays, it is also
important to study the best approach to combine them into a single consensus
prediction taking into account their performance on the target region and variable.

This report describes the validation of global European seasonal forecasting
systems: The operational ECMWF System4 and four models of the ENSEMBLES
multi-model hindcast, which correspond to former versions of the current operational
seasonal forecasting systems, including System3 (the validation of other operational
models will be performed following the same procedure when they become
available). Moreover, an assessment of the added value of calibrated/downscaled
forecasts 0O obtained by means of different bias-correction and statistical
downscaling techniquesd is also performed. Global forecasts are assessed
worldwide, whereas downscaling techniques are analysed in two target regions
representative of the low and high skill patterns found in the global models (Spain
and Philippines, respectively). Finally, different forecast combination techniques &
based on equal weighting, regression and Bayesian combinationd are tested in the
target regions, considering both global and regional predictions.

The most important findings are:

1) in agreement with previous studies, the skill of the global models
analysed is mainly located in the tropics (particularly for
precipitation) and no significant skill is found in Europe;

2) important seasonally varying biases are found in the global models,
thus requiring bias-correction/downscaling to be suitable for impact
applications;

3) statistical downscaling methods can improve global model outputs in

some cases (particularly when the model is more skilful with the
circulation variables than with the target one); however, bias-
correction methods do not improve model skill;

4) No clear benefit is observed when applying model combination
techniques (neither to the global model outputs nor to the
downscaled values); thus, simple model combination obtained by
equal weighting is recommended in general.
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Finally, new operational models will be analysed when they become available
through the ECOMS-UDG server, in order to explore the promising new high-
resolution hindcasts with potential new sources of predictability (e.g. the NAO in the
GloSea5 model, with 0.25° ocean and around 60 km atmosphere; see e.g. Scaiffe et

al., 2014).

2. Project Objectives

With this deliverable, the project has contributed to the achievement of the following

objectives (DOW, Section B1.1):

No.

Objective

Yes

No

Develop and deliver reliable and trusted impact
prediction systems for a number of carefully selected
case studies. These will provide working examples of
end to end climate-to-impacts-decision making
services operation on S2D timescales.

Assess and document key knowledge gaps and
vulnerabilities of important sectors (e.g., water,
energy, health, transport, agriculture, tourism), along
with the needs of specific users within these sectors,
through close collaboration with project stakeholders.

Develop a set of standard tools tailored to the needs
of stakeholders for calibrating, downscaling, and
modelling sector-specific impacts on S2D timescales.

Develop technigues to map the meteorological
variables from the prediction systems provided by the
WMO GPCs (two of which (Met Office and
MeteoFrance) are partners in the project) into
variables which are directly relevant to the needs of
specific stakeholders.

Develop a knowledge-sharing protocol necessary to
promote the use of these technologies. This will
include making uncertain information fit into the
decision support systems used by stakeholders to
take decisions on the S2D horizon. This objective will
place Europe at the forefront of the implementation of
the GFCS, through the GFCS's ambitions to develop
climate services research, a climate services
information system and a user interface platform.

Assess and document the current marketability of
climate services in Europe and demonstrate how
climate services on S2D time horizons can be made
useful to end users.
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3. Detailed Report

3.1. Assessment of Global Seasonal Forecasts

Seasonal predictability strongly varies from region to region and from season to
season (see, e.g., van Oldenborgh, 2004; Doblas-Reyes et al., 2010). Therefore, a
key task in EUPORIAS WP32 (uncertainty framework) is to globally assess the
forecast skill of the seasonal forecasting models used in the different activities. The
ECMWEF System 4 seasonal forecasting system has been selected as the initial
model to undertake this activity. The available System 4 hindcast is formed by 15
members covering the period 1981-2010, and several variables have already been
included in the ECOMS-UDG server! 8 a joint EUPORIAS-SPECS initiative
developed to provide homogeneous hindcast information from the different
operational European seasonal forecasting systems to the ECOMS partners.d This
task will be updated in the coming months to include the validation results for further
seasonal forecasting systems to be included in the ECOMS-UDG (e.g. GloSea5 by
Met Office). We focus on precipitation and surface temperatures, which are the most
demanded variables in impact applications.

In order to compare results among different forecasting systems, we have also
considered the state-of-the-art operational models from the EUROSIP initiative.
However, due to data availability constraints only a limited number of studies have
been performed by AEMET with this dataset. Therefore, we have also analysed four
of the models included in the ENSEMBLES multi-model hindcast 8 the only
homogeneous multi-model seasonal hindcast publicly available to date (Weisheimer
et al., 2009).0 These models (see Table 1) correspond to former versions of the
current operational seasonal forecasting systems and, interestingly, the model from
the ECMWEF is System3, the predecessor of System4. The global validation of this
multi-model hindcast has been performed in collaboration with SPECS, and the
results have been already published in Manzanas et al. (2014b). In particular the
global skill pattern found for precipitation (the only variable validated in Manzanas et
al. (2014b)) is very similar to the one found when applying the same methodology to
System4. Therefore, in this section we only describe the results for the latter.

Table 1: Main components of the four atmosphere-ocean coupled models considered in this
work. All of them contributed to the ENSEMBLES multi-model seasonal hindcast.

Centre Amospheric model / Resolution Ocean model / Resolution

ECMWF IFS CY31R1 (T159/L62) HOPE (0.30 1
IFM-GEOMAR ECHAMS (T63/L31) MPI-OM1 (1.5°/L40)
CMCC-INGV ECHAMS5 (T63/L19) OPAS8.2 (2.0°/L31)

! The ECOMS User Data Gateway (ECOMS-UDG) is based on a THREDDS server

which allows friendly data access, both directly and through an R-package for homogenous
data access. More information in http://meteo.unican.es/ecoms-udg
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| Meteo France | ARPEGE4.6 (T63) | OPAS8.2 (2.0°/L31) |
Model assessment is performed gridbox by gridbox, calculating the bias, correlation

and the Relative Operating Characteristic Skill Score (ROCSS) & a tercile-based
probabilistic score whi ch ands recominendee by she
WMO Lead Centre for the SVS-LRF? for the verification of probabilistic seasonal
forecasts.d0 In particular, one-month lead forecasts of precipitation and maximum
temperature from System4 were validated for the standard seasons DJF, MAM, JJA
and SON over the whole hindcast period (1981-2010). The 15-member ensemble
mean was considered for bias and correlation, whereas the tercile probabilities given
by the 15 members were considered for ROCSS. In the case of precipitation
(maximum temperature), the model was validated against GPCC®v5 at 1° (CRU* ts
3.10 at 0.5°). In both cases, System4 output was bi-linearly interpolated from its
native 0.75° to the resolution of the observations.

Figure 1 shows the bias (mean error) for precipitation (top) and maximum
temperature (bottom). Wet/dry biases alternate in the different regions of the world
for precipitation, whereas cold biases are predominant for maximum temperature
(except in North America and East Asia).

Figure 2 shows the Pearson correlation (computed upon the inter-annual time-
series). In agreement with previous studies, the highest correlations for precipitation
are concentrated over tropical regions (see, e.g. van Oldenborgh et al., 2005). In the
case of temperatures, trends can lead to artificial skill and, therefore, an alternative
analysis for the de-trended series is given in Figure 3. In this case, skill spans over
large regions of the globe.

Figure 4 shows the ROCSS for the dry (left) and wet (right) terciles of precipitation.
In agreement with the results found in Manzanas et al. (2014b), the most skilful
regions are Northern South America (all seasons), the Malay archipelago and
Oceania (during JJA and SON), South Africa (during DJF) and Middle East (during
SON). There are also some spots of skill in Africa, in the Gulf of Guinea (in DJF) and
Sahel-East Africa (JJA and SON), but the spatial significance of these latter regions
should be further analysed. Finally, Figure 5 shows the ROCSS for the cold (left) and
warm (right) terciles of maximum temperature (de-trended series).

For the sake of simplicity, in the following sections we restrict the analysis to the
case of precipitation.

2 http://www.bom.gov.au/wmo/lrfvs/users.shtml

3

ftp://ftp.dwd.de/pub/data/gpcc/htmli/fulldata_download.html

4 http://badc.nerc.ac.uk/view/badc.nerc.ac.uk__ ATOM__ ACTIVITY_ fe67d66a-5b02-
11e0-88c9-00e081470265
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Sys4 (15 members mme): 1981-2010
Precipitation: Bias (GPCC v5, 1.0°%)
DJF , > a — MAM
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Figure 1: Biases for the 15-member ensemble mean for the whole hindcast period (1981-
2000) for (top) precipitation and (bottom) maximum temperature
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Sys4 (15 members mme): 1981-2010
Precipitation: Pearson Corr. (GPCC v5, 1.0°)

Figure 2: As Figure 1, but for Pearson correlation
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Maximum Temperature (detrended): Pearson Corr. (CRU ts 3.10, 0.59%)

DJF

Figure 3: As Figure 2 (bottom), but for the de-trended series. Significant trends after a Mann-
Kendall test (at a 5% level) are removed both from System4 and CRU TS 3.10 for the
computation of correlations

Sys4 (15 members mme): 1981-2010
Precipitation: ROC Skill Score (GPCC v5, 1.0°)
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Figure 4: ROCSS for the dry and wet terciles of precipitation for the whole hindcast period
1981-2000. Only statistically significant (at a 5% level) ROCSS are shown. Blue points
indicate grid-boxes where the corresponding tercile category has never been observed
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Figure 5: As Figure 4 but for detrended maximum temperature. Significant trends after a
Mann-Kendall test (at a 5% level) are removed both from System4 and CRU ts 3.10 for the
computation of the ROCSS

Finally, we want to remark that although no clear signals of skill have been found in
the European region when analysing the System4 and ENSEMBLES models,
promising results have been recently reported with more recent versions of seasonal
forecasting (see e.g. Scaife et al., 2014). Therefore, work is in progress to collect the
necessary information from some of these models (in particular GloSea5 from Met
Office) and apply the same validation methodology used in this work in order to test
the state-of-the-art skill in the European region.

3.2. Assessment of calibrated/downscaled seasonal forecasts

In this section we focus on precipitation and consider the multi-model ENSEMBLES
hindcast (see Table 1). Each of the ENSEMBLES models in Table 1 was run four
times a year 0 the first of February, May, August and Novemberd for seven months,
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