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1. Executive summary 

SSTs are of key importance in seasonal and decadal prediction as the ocean is a major driver of the 
predictable component of variability in weather on these timescales. Typical examples are the tropical 
Pacific cold bias, SST bias in the ocean upwelling regions and the North Atlantic SST bias, which have 
an affect on their regional climate variability. As a result, biases in SST could be principal causes of 
errors in predictions. Here, model data from a range of SPECS experiments, other multi-model 
projects (ENSEMBLES, MME) and model specific sensitivity runs are were considered to investigate 
biases and their relative role in the participating SPECS seasonal and decadal forecast systems. The 
consortium, consist of the four institutions (ENEA, MetOffice, CNRS and MPG) with specific task 
briefly described below. An additional contribution was provided by BSC. 
 
ENEA collected seasonal hindcasts from the Asian Pacific (APCC/CLiPAS) and European 
(ENSEMBLES) communities, formed a grand ENSEMBLES-APCC/CLIPAS Multi-Model Ensemble 
(MME) and investigated the seasonal forecast skill during decadal shifts in the tropical and the north 
Pacific that occurred at the end of 1970s and during 1988/1989. For a subset of the seasonal 
prediction systems providing extended retrospective forecast period (1960-2005), the predictions 
follow the climate shifts and the prediction skill of the relevant climate mode are shown to be improved 
when the SST bias is decreased  
 
The MetOfýce has analysed the evolution of errors in sea surface temperature (SST) ýelds from 
seasonal and decadal data produced in the SPECS project, and have also produced a comparative 
study of biases in SST and precipitation in Met Ofýce Hadley Centre and Beijing Climate Center 
(BCC) seasonal forecasts (Hermanson et al 2016). We focused on SST due to the importance of 
oceanic forcing of the atmosphere on seasonal and decadal timescales. We further determined 
whether SST errors grow in a similar way in different systems, which may indicate common underlying 
problems in the model physics. We also assessed whether the SST errors are sensitive to the different 
choices of initialisation, forcing or stochastic physics made in the different SPECS experiments. 
 
MPG focused on the North Atlantic, and examined the role of a linear baroclinic response to diabatic 
heating that has been established in a related task 2.2.1 (see WP2.2 summary, Ghosh et al, 2016). 
Here, analysing the simulations of coupled model MPI-ESM and performing idealised AMIP type 
experiments with observed AMV type SST patterns, we investigated the characteristics of the 
atmospheric response in the model without SST bias and its potential to simulate the observed linear 
baroclinic response.  
 
CNRS investigated the general impact of model bias using the decadal forecast of IPSL-CM5A-LR 
system with and without surface SST anomaly nudging nudging (Mignot et al. 2016). Results provide a 
potential prediction skill (verification against de nudged simulation) beyond the linear trend of the order 
to 10 years ahead at mid-latitudes in the North Atlantic and North Pacific. Actual prediction skill 
(verified against observational or reanalysis data) is overall more limited or less robust, but large 
actual skill is still found in these two regions. Beyond a classical debiasing of the data, following 
classical requirements of hindcasts analysis, predictability results were interpreted in terms of biases 
on the model mean state and variability. In the North Atlantic, the (probably overly) powerful decadal 
variability limits the prediction skill as it overwhelms the effect of initialization. In the North Pacific, 
spurious teleconnection with the tropical Atlantic and shifted modes of variability lead to a much longer 
prediction skill than what is found in other prediction systems.  
 
BSC investigated the drift and the systematic biases in the Tropical Atlantic in the EC-Earth3.1 
coupled mode (Exarchou et al, 2016)l. The warm SST bias near the East Atlantic coast originates in 
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the atmosphere, and it is caused by the excessive solar fluxes, which are caused by the diminished 
cloud cover in the model compared to the observations. A cold bias in Western equatorial region 
originates in the ocean and is dampened by the coupling. The analysis of the cold bias in the LR-
Ocean experiment indicates that it has stronger than observations (reanalysis) tropical overturning cell 
northern of the equator, and therefore stronger upwelling of colder waters to the ocean surface. The 
cold bias is likely caused by the numerical formulation of the ocean model. 
 

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 No 

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 
 

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 
initializing the different components, an increase in the spatial 
resolution of the global forecast systems and the introduction of 
important new process descriptions 

X  

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 

7 To achieve reliable and accurate local-to-regional predictions via the 
combination and calibration of the information from different sources 
and a range of state-of-the-art regionalisation tools 
 

 X 

8 To illustrate the usefulness of the improvements for specific 
applications and develop methodologies to better communicate 
actionable climate information to policy-makers, stakeholders and the 
public through peer-reviewed publications, e-based dissemination 
tools, multi-media, examples for specific stakeholders (energy and 
agriculture), stakeholder surveys, conferences and targeted 
workshops 
 

 X 
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No Objective  Yes No 

9 To support the European contributions to WMO research initiatives on 
s2d prediction such as the GFCS and enhance the European role on 
the 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. 
 

 X 

 

3. Detailed report on the deliverable 

[ENEA] In collaboration with the Asia-Pacific Economic Community Climate Center (APCC), ENEA 
has collected hindcasts from the Asian Pacific (APCC/CLiPAS, Wang et al., 2009) and European 
(ENSEMBLES, Weisheimer et al., 2009) communities into the grand ENSEMBLES-APCC/CLIPAS 
Multi-Model Ensemble (MME). Together with the International Pacific Research Centre (IPRC, US), 
the APCC and Pusan National University, the general bias and decadal shifts, that occurred at the end 
of 1970s and during 1988/1989 in the tropical and the North Pacific sectors, have been investigated. 
Here a particular focus was on the interannual variability and climate predictability due to the changes 
on the occurrence and characteristics of two types of ENSO. For the investigation of the decadal 
shifts, a subset of six seasonal prediction systems that provided extended retrospective forecast 
period (1960-2005) were chosen, and analyzed with respect to predictability of the tropical Pacific 
climate and its remote boreal-winter teleconnections for the period preceding (hereafter ñPREò) and 
following (hereafter ñPOSTò) the transitions.  

1) Relationship between biases in the western Pacific warm pool and performance over South 
and East Asia of the grand ENSEMBLES-CliPAS/APCC MME 

 
The biases that affect the western pacific warm pool and the northern Indian Ocean are linked to the 
capability of the coupled models to reproduce the association of the rainfall pattern to the ENSO-
related Walker circulation variability (Lee et al., 2010). A climate filter developed by Lee et al. (2011) 
has been applied to rank the individual model performances in reproducing the observed relationship 
between the tropical Pacific rainfall and the local ENSO-associated Walker circulation. In Figure 1, it is 
shown that the MME built from the four models that link realistically rainfall and the local ENSO-
associated Walker circulation (A4 MME) is able to enhance the seasonal prediction skill. The A4 MME 
generally performs better than the all-inclusive MME (M12) over South and East Asia, Western North 
Pacific and Australia. The above results are further discussed in Lee et al. (2013). For the following 
analyses of the interdecadal changes in the tropical Pacific, a subset of six models of the grand 
ENSEMBLES-CliPAS/APCC MME is chosen, each model able to provide retrospective seasonal 
forecasts for an extend period (1960-2001)  
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Figure 1: Time average of spatial pattern correlation between the observed and simulated precipitation (blue 
bars) and those for the temperature at 850 hPa (red bars) from M12, A4 and B8 over the six regions of the 
Global region (0-360E,90S-90N), Tropics (0-360E, 20S-20N), East Asia (90-150E, 20-50N), South Asia (20-
120E, 10-40N), western North Pacific (120-160E, 10-40N) and Australia (110-180E, 50-10S). M12, A4 and B8 
are the multi-model ensemble predictions based on a simple composite method using the total of 12 models, the 
four more skillful models and the eight less skillful models, respectively. 

 
2) Study of the tropical Pacific decadal transition 

There is an emerging evidence that a shift in the North Pacific climate occurred during the winter 
1988/1989 in relation to changes to ENSO characteristics (e.g.: Hare and Mantua 2000; Hollowed et 
al. 2001; Yasunaka and Hanawa 2003). The ENSO teleconnection pattern is characterized by a wave-
train-like structure over the Pacific-American sector as a consequence of poleward propagating 
atmospheric Rossby waves (Hoskins and Karoly, 1981). Therefore, the Pacific-American 
teleconnection is highly influenced by changes in ENSO. Recent studies have reported the occurrence 
of new types of ENSO namely ENSO Modoki (or Central Pacific El Niño; Ashok et al. 2007; McPhaden 
et al. 2011), which are characterized by SST anomalies shifted toward the central equatorial Pacific by 
comparison with the ñcanonical El Ni¶oò. 

Based on an EOF analysis, the results for observations and the subset of prediction systems (sMME) 
for the 1988/1989 shift shows that the second EOF (EOF2) of the winter (DJF) Tropical Pacific SST 
variability (EOF2; Figure 2) in the POST period is associated with the ENSO Modoki mode, displaying 
the maximum variability near the dateline, while it is flanked by opposite signed anomalies in the far 
eastern and far western tropical Pacific. Differently, the ENSO Modoki mode is not represented in the 
second EOF mode before 1988/1989. The sMME at a 1-month lead successfully captures the second 
EOF mode, showing a high spatial pattern correlation with observations of 0.88 for the POST period. 
The variance explained by the sMME hindcasts also increases during the POST period compared to 
the PRE period, thus leading to increased potential predictability. The performance of individual 
models as well as the results of the sMME predictions are displayed in a scatterplot between the 
spatial pattern correlation coefficients (PCC) of eigenvectors and the temporal correlation of the time 
coefficients (TCC; Figure 3). A relationship between SST bias (PCC) and skill (TCC) is apparent for 
EOF2 pattern (PC2 time series) of SSTAs at 1-month lead. Consistently, the overall performance of 
the MME is superior to those of individual models in the spatial (temporal) correlation of the EOF2 
pattern (PC2 time series) of SSTAs at 1-month lead. Also, the sMMEôs skill is better than the averaged 
skill of individual models and the persistence skills. We explain above results as a consequence of the 
emergence of ENSO Modoki as a leading mode of variability in POST (EOF2) producing improved 
predictability of tropical Pacific and related teleconnections. On the other hand EOF2 is more likely 
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attributable to less-predictable ENSO transitions during the PRE period. Our results suggest that the 
capability of the MME to predict the emergence of the ENSO Modoki pattern contributes considerably 
to the enhancement of forecasts performance in the POST period. 

In addition, the interdecadal change of the atmospheric circulation/predictability in response to the 
changes in the El Niño and Southern Oscillation (ENSO) occurred around late 1970ôs (Nitta and 
Yamada 1989; Trenberth and Hurrell 1994) has been investigated by the subset of prediction systems. 
For the 1970 transition, the sMME prediction is capable of capturing the shift from the dipole in PRE to 
the observed triple mode of anomalously dry, wet, and dry conditions over the equatorial Pacific in 
POST (not shown). Consistently, the teleconnections over North Pacific/North American domain are 
enhanced in POST and the sMME predictions successfully predict the anomalously weakened winter 
monsoon from Sumatra to southern Japan, thus leading to improved predictability during the POST 
period.  

 

 

 
 
Figure 2: Spatial patterns of the second EOF mode for a observed SSTAs over the tropical Pacific (30°Sï30°N, 
120°Eï60°W) during the period of POST (1989ï2005). b is same as a except for the MME predicted SSTAs at 
1-month lead time. Pattern correlations between the observed and MME predicted spatial patterns of each EOF 
mode are given. c Principal component (PC) time series of the second EOF mode for observed (black solid line) 
and MME predicted SSTAs at 1-month (red solid line) and 4-month (blue solid line) lead time. Dashed lines are 
persistence skill of 1-month (red) and 4-month (blue) lead time. Time series are normalized by their respective 
standard deviation. Temporal correlations between observed and MME predicted PC1 time series are given and 
their persistence skills are presented in parenthesis. 
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Figure 3: Scatter diagram between the spatial pattern correlation coefficients (PCC) of eigenvectors and 
temporal correlation coefficients (TCC) of principal components for the first (red) and second (blue) EOF modes 
of SSTAs over the tropical Pacific (30°Sï30°N, 120°Eï60°W) during the period of a PRE (1972ï1988) and b 
POST (1989ï2005) at 1-month lead time. 
 

 

[MetOffice] We use data from a number of seasonal and decadal re-forecast ensembles produced 
within the SPECS project (see Table 1). The ensembles may differ in either their initialisation (of sea 
ice or soil moisture ýelds, for example), external forcing (as in the HadGEM3solar forcing experiment) 
or model physics. Because of the large quantity of data, not every member of every ensemble was 
examined, but at least one member from every experiment with available SST data was analysed. 
Monthly mean SST ýelds are used throughout. Errors are calculated relative to the HadISST dataset 
of observed monthly mean SST ýelds (Rayner et al, 2003). For each ensemble, the mean error at 
each lead time is calculated as the average difference between simulated area mean SST and the 
HadISST data for the corresponding month. The SST regions used in the analysis are shown in Table 
2. Experiments involving different conýgurations of the same system are compared, and systems from 
different centres are also compared against one another. 
 

 
Table 1: Forecast system data used in the analysis. Ensemble members column shows the number of 
realisations analysed for each experiment. For example, r12, i2 denotes two ensembles of 12 members each, 
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based on different initial conditions, while r25, p5 denotes 5 ensembles of 25 members each based on different 
physics conýgurations. 

 

 
Table 2:Regions used in the analysis 

 

 
We ýrst examine the results of the seasonal forecast systems initialised on 1 May. For those systems 
with multiple ensemble members (such as the ECMWF IFS system) comparatively little difference was 
found between different members of the same ensemble. Experiments using the same system (for 
example, where sea ice or soil moisture were initialised differently, or where different stochastic 
physics schemes were used) also differ little Fgure 4). The ýgure also shows that the errors from the 
three different resolution versions of the MPI system tend to evolve in a similar way, although there 
are clear differences in the Nino3.4 region. The largest differences are seen between seasonal 
forecast systems from different centres; for example, the CNRM-CM5 errors show the opposite sign to 
all the other systems in the North Atlantic and Kuroshio regions. In some cases the errors grow 
increasingly large over time (e.g. for the south east tropical Atlantic region for several systems) while 
elsewhere, errors grow and then diminish. GloSea5 SST errors in most regions are consistent with 
Hermanson et al 2016 results; a few regions show discrepancies, possibly due to differences in the re-
forecast and observed SST data they used. The appendix ýgures also show large differences in the 
SST errors for the GloSea5 and BCC systems for several regions, consistent with our ýnding that 
errors depend on the forecast system used. 

Drifts for 1 November start date simulations also depend mainly on the forecast system used (Fgure 
5). Comparison of ýgures 4 and 5 shows that the errors tend to evolve differently for 1 May and 1 
November start dates as, for example, in the North Atlantic Current and the Kuroshio regions. This is 
consistent with the idea that each system has a preferred annual cycle of SSTs in each region that 
differs from the observed annual cycle. This would lead to different errors at different times of year. 
Further evidence for this comes from the errors in multi-year simulations (Fgure 6). Here, there is a 
clear annual cycle in the errors for all systems in all regions, although this is only apparent after an 
initial adjustment phase in the ýrst months in some cases. Also evident in several regions is a longer 
timescale drift superimposed on the annual cycle of errors. (The IPSL system is not included in ýgure 
6 as it has a 1 January start date, but it shows qualitatively similar behaviour to the other multi-year 
simulations). 

Finally, we examine whether the error evolution is affected by the El Nino phase at the start of the 
simulation (Hermanson et al., 2016). Hermanson et al show that biases evolve differently in El Nino 
and La Nina years. We ýnd a clear separation of Nino3.4 errors for El Nino and La Nina years for 
GloSea5 seasonal forecasts starting on 1 November. The mean Nino3.4 error after 7 months is 
around -1ǓC in El Nino years but nearly -3ǓC in La Nina years. A similar separation is also seen in the 
HadGEM3 SPECS solar experiment simulations, where after 5 months the mean Nino3.4 errors are 
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around -1ǓC and -2ǓC in El Nino and La Nina years respectively; the SST error from the two ENSO 
phases converges after about 1 year of the simulation. In other regions for the Hadley Centre systems 
and for all regions in systems from other centres, there is much less difference between El Nino and 
La Nina years. 

 

 
Figure 4: SST errors for seasonal forecast systems as a function of forecast lead time for each region, for 1 May 
start date. 
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Figure 5: SST errors for seasonal forecast systems as a function of forecast lead time for each region for 1 Nov 
start date. 
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Figure 6: SST errors for multi-year simulations as a function of forecast lead time for each region for 1 Nov start 
date. 

 

[MPG] Task 2.1.2 is closely related to task 2.2.1 which forms the basis for this analysis. The results 
from the task 2.2.1 present a mechanism by which the multidecadal variations in central to eastern (C-
E) European summer temperature are governed by a quasi-geostrophic (QG) atmospheric response 
to AMV-related surface heat flux (Figure 7, Ghosh et al., 2016). The results suggest that over the 
north-western Atlantic, the positive heat flux anomaly triggers a surface baroclinic pressure response 
with a negative surface pressure anomaly to the east of the heat source. Further downstream, this 
response induces an east-west wave-like pressure anomaly (Figure 7). The east-west wave like 
response in the sea level pressure structure, which we refer as QG response, is the principle mode of 
variations in multidecadal time scale during summer over Euro-Atlantic region. However, the decadal 
predictions performed with GCMs (currently investigated MPI-ESM) could not show any such impact 
of QG response from diabatic heating in North Atlantic to European summer. The reason could be (i) 
























