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1. Executive summary 

A set of decadal forecasts are downscaled and analysed for the North Atlantic region, based on the 
GFDL global coupled ocean-atmosphere model. One hypothesis was that the signal-to-noise ratio 
improves with an empirical-statistical downscaling from large scales when used in model output 
statistics (MOS). However, the results from the MOS was inconclusive because the specific decadal 
forecasts analysed exhibited low skill for the general atmospheric circulation and the large-scale mean 
sea-level pressure patterns. Additional assessments based on reanalysis suggested a strong 
connection between mean sea-level pressure anomalies over the North Atlantic and the wet-day 
frequency over Europe. The GFDL decadal forecasts for the maritime surface temperature, on the 
other hand, exhibited moderate skill, but there was a weaker connection between large-scale maritime 
surface temperature anomalies and precipitation and temperature statistics over Europe. The 
hypothesised enhancement of predictive skill with the application of MOS assumed that large spatial 
scales are associated with long temporal scales.  

This assumption was also addressed, as was the notion that the large scales are more predictable 
than small scales. The dependencies between temporal and spatial scales were found to differ for the 
temperature and mean sea-level pressure anomalies, but there was little indication that the decadal 
predictions for large-scale anomalies were associated higher skill than for small-scale variability for the 
specific forecasts analysed.      

 

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 

 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 

 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  

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

 

X  

 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 



                                                                                                     
                                                                            

 
SPECS (308378) D52.3                                                                                                                                      - 5 - 

No. Objective  Yes No 

 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 

 X 

 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 

 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  

 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 

 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 

 3.1 Introduction 

Decadal predictions are at the forefront of climate research whereby global climate models (GCMs) 
involving coupled atmospheric and oceanic components are  initialized with the best available 
information about the current state of the oceans and subsequently used to simulate the next decade 
or so (Meehl et al., 2014). Recent results from model experiments indicate the presence of some 
decadal predictive skill in the North Atlantic (Doblas-Reyes et al., 2013; Kirtman et al., 2013; García-
Serrano et al., 2015), western Pacific (Chikamoto et al., 2015; Mochizuki et al., 2010), and Indian 
Oceans (Guemas et al., 2013), however, the skill is lower in other regions of the world oceans. Long-
term predictability may be a result of the slow advection of heat in the Atlantic ocean (Sutton and 
Allen, 1997), and a large fraction of the uncertainty in the Atlantic in the first few decades is likely due 
to internal variability, as suggested by uncertainty partitioning (Hawkins and Sutton, 2009). It is this 
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internal variability that decadal forecasts try to predict. Most work on decadal forecasts so far has 
been based on direct model output. For instance, Meehl et al. (2014) provide a comprehensive review 
of decadal forecasting, but do not address potential benefits associated with empirical-statistical 
downscaling when applied to such forecasts (ESD; e.g. Takayabu et al., 2015). Moreover, traditional 
validation of seasonal-to-decadal forecasts involve direct comparison with reanalyses or observations 
(Guemas et al. 2014) or estimation of reliability of the Brier score (Wilks, 1995), however, statistical 
post-processing such as ESD applied in terms of model output statistics (Wilks, 1995) may potentially 
enhance the forecast skills as it can reduce systematic bias and deterioration from local small-scale 
noise. In other words, it is expected that ESD emphasises the large-scales which may be more 
predictable than small-scale variability, and hence may potentially enhance the prediction skills by 
filtering out noise. 

There have been few scientific studies where downscaling has been applied to seasonal or decadal 
forecasts (Benestad and Mezghani, 2015; Caron et al., 2014), but the low number may be due to few 
seasonal-to-decadal forecasts carried out. ESD may offer a value-added contribution as model drift 
from initial state is a difficult obstacle when it comes to decadal forecasting (Meehl et al., 2014). Bias 
adjustment has often been used to produce skillful forecasts, however, it is possible to bypass a bias 
adjustment altogether through MOS. One question here is therefore whether the use of downscaling 
improves the decadal forecast quality over the raw model output.   

The objective of this study was to downscale the wet-day mean precipitation (μ) and the wet-day 
frequency (fw), as in Benestad and Mezghani (2015). These quantities can be used in probabilistic 
forecasts as the probability of heavy precipitation may be approximated as Pr(X>x)= fw exp(-x/μ). 
Furthermore, the total precipitation amount is the product of the two and the total number of days (n): 
ptot = n fw μ. The greatest potential for downscaling such probabilities appears to be the connection 
between the mean sea-level pressure (SLP) and fw, as the connection between the amounts μ and the 
large-scale conditions may be more complicated (Benestad and Mezghani, 2015). However, it is 
possible that the wet-day frequency responds more to shorter time scales (e.g. the SLP patterns) than 
the wet-day mean (e.g. slow variations in the ocean temperature). A comprehensive analysis of skill 
needs to account for different time scales and was in this case carried out for annual time scales, 
three-year aggregates, pentads (five-year means), and nine-year periods. 

 3.2 Method  

To test whether there is a link between large-scale surface air temperature (TAS) or mean sea-level 
pressure (SLP) anomalies and local precipitation statistics, ESD was first applied with predictors from 
the NCEP/NCAR reanalysis 1 over the period 1950-2015 (Kalnay et al, 1996). The predictands (wet-
day mean μ and frequency fw) were aggregated over the forecast interval as in Benestad and 
Mezghani (2015), but were based on EOBS gridded precipitation and temperature data (Linden and 
Mitchell, 2009) for the period 1950-2015. The validation involved a leave-one-out (LOO) cross-
validation (Wilks, 1995). 

The ensemble mean forecasts were based on the GFDL-CM2.1 model (Delworth et al., 2006) and 
assessed against the NCEP/NCAR reanalysis to indicate what skill could be expected from the MOS. 
The assessment of the decadal forecasts involved (i) calculating the correlation between the ensemble 
mean forecast anomaly and the anomalies from the reanalysis, and (ii) a diagnostic of the ensemble 
spread. The latter was quantified through the application of common empirical orthogonal functions 
(EOFs) (Barnett, 1999; Benestad, 2001). A large spread was expected to affect the calibration of the 
stepwise multiple regression used in the MOS in a similar fashion as a high noise fraction, and hence 
lower the expected variance captured by the regression model.   
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It is possible that the decadal predictability resides in the oceans rather than over land. However, the 
variability in temperature is greater over land with more pronounced short-term variability and contain 
more noise. Hence, the experiments were repeated with a land-sea mask to mask out the contribution 
from land surfaces to assess the ensemble spread in the maritime temperatures. 

The application of MOS is designed to emphasise the large scales and their effect on the local 
conditions, and one potential benefit in using MOS is to increase the signal-to-noise ratio if the large 
scales are more skillfully predicted than the small scales. The question of how scales are related in 
time and space has not yet been settled, and a range of different forecast intervals were tested to 
cover phenomena that are potentially associated with various time scales. For instance, do changes 
need longer time if they involve larger areas and spatial scales? A related issue is the question of how 
robust are the forecast skill estimates, which can be explored through a comparison of different time 
scales (prediction period over which the mean is estimated). The assessment therefore involved many 
trials with different forecast intervals. The question concerning the dependency between temporal and 
spatial scales was explored in terms of a spectral analysis applied to a regional averages from the 
reanalysis over a range of domains with different area. The smallest domain was taken to be grid box 
centered in the Atlantic and the larger domains were taken to be centered around this grid box (each 
region i contains (i + 2)2 grid boxes where i ∈[1,2,3,...]). Time series were estimated for each of these 

by taking the area average, which were then used to estimate the power spectra for the different 
domain sizes. More information about the method is provided in the appendix. 

3.3 Results 

Fig 1a shows results for the power spectra for the surface temperature applied to successively larger 
domains and the results indicate pronounced power for a combination of long time scales averaged 
over a large area. The long-term variability over large regions is consistent with a general warming 
trend, however, the results also indicated large-scale fluctuations associated with ~20 year time 
scales. For SLP, on the other hand (Fig 1b), most of the spectral power was found on the small 
scales. This reflects shifts in the mass of the air column, which is more pronounced over small than 
over large volumes. These results provide some support for the initial assumption and one motivation 
for using MOS in conjunction with decadal forecasts: large scale temperature anomalies tend to be 
associated with longer time scales.     
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Panel Fig1a power spectra are shown as colours along the x-axis for regions with different area (y-
axis) for TAS and SLP (panel Fig1b). Yellow colour signifies high power and red low variability. The 
temporal scales are given as years and the area as number of grid boxes. 

  

The application of MOS to decadal forecasts was based on the assumption that the local precipitation 
statistics depends on the large-scale conditions. This assumption was tested by applying ESD to the 
NCEP/NCAR reanalysis and the gridded precipitation parameters μ and fw from the EOBS data. The 
results suggested that there is a connection between the large scales and local precipitation statistics, 
and Fig 2 shows the results of a LOO cross-validation for the wet-day frequency. There was a 
particularly close association between the large-scale SLP and the wet-day frequency, however, a 
similar cross-validation analysis suggested more modest skills for the wet-day mean when the 
predictor was taken to be the saturation vapour pressure es over the ocean (Fig 3). The maritime TAS 
is related to the sea surface temperature (SST), and the predictor pattern for es associated with higher 
μ over Europe exhibited higher values in the western part of the Atlantic in agreement with SST 
patterns associated with extreme rainfall over southeastern Norway (Benestad and Melsom, 2002). 
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Fig 2 indicates a close association between large-scale SLP anomalies and variations in the leading 
EOF of the annual fw. It shows LOO cross-validation for the wet-day frequency: the upper left panel 
shows the pattern of the leading EOF estimated for the annual fw, upper right shows the SLP 
anomalies which are associated with variations in the leading PC, lower left shows a scatter plot 
between the original PC and predictions in terms of LOO cross-validation, and the lower right shows 
the original time series (black) and the calibrated results (red). 
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Fig 3 is similar to Fig 2, but shows the results for μ and large-scale anomalies in es. 
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The application of MOS can only provide added-value if there is some skill in predicting the large-scale 
anomalies on decadal time scales. Hence, another assumption to test was the skill of the decadal 
forecasts for large-scale TAS and SLP patterns. A correlation analysis indicated low (negative) skill 
between the ensemble mean TAS forecast and TAS from the NCEP/NCAR reanalysis off the east 
coast of the US east coast near Cape Hatteras where the Gulf Stream separates from the continent, 
but high values in the eastern and northern part of the ocean basin (Fig 4). Part of the skill was 
associated with the long-term warming captured by the decadal forecasts.  
The question whether the skill was associated with the larger spatial scale anomalies was tested 
through an assessment where the forecasts were filtered through a set of leading EOFs: first twenty 
EOFs were computed and then a subset of the leading modes were kept and used to reconstruct the 
forecasts.  
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Fig 4 shows shows correlation map(s) which indicate that the temperature in the west off the east 
coast of the USA have a low correlation with the ensemble mean of the forecast, but there are high 
correlations in the east (different panels show different forecast period length/time scale). 
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A comparison between correlation scores for the filtered forecasts with the original forecasts against 
the NCAR/NCEP reanalysis suggested regions with both higher and lower correlation scores. It was 
mainly in the central North Atlantic where small-scale variability seemed to reduce the correlation. An 
additional assessment of skill involved a comparison between the principal component (PC) from the 
common EOFs, and the results indicated a spread amongst the ensemble members, suggesting that 
the forecasts only were moderately constrained by the known initial conditions (see the appendix) and 
the boundary conditions (Fig 5).  

The spatial structure associated with the common EOFs indicated strongest variability in the Arctic 
near the edge of the sea-ice and least action off the east coast of the USA where the Gulf stream 
branches off the American continent and where the correlation between the ensemble mean forecast 
and the NCEP/NCAR reanalysis was the smallest. One explanation for the reduced skill in this region 
may be that the ocean model lacked sufficient spatial resolution to adequately represent the western 
boundary current, the separation of the Gulf Stream from the continent, and the ocean current 
meanders. 
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Fig 5 shows common EOFs estimated for the joint NCEP/NCAR reanalysis and the forecasts. Upper 
left panel shows the common spatial anomaly structure common for the reanalysis and all ensemble 
members, upper right shows the variance associated with each EOF (eigenvalues), and lower panel 
shows the PC where the black curve represents the reanalysis and the red curves indicate the ten 
ensemble members. The leading EOF accounts for more than 50% of the variance, and stands out as 
the most important mode. The PCs suggest that there is a weak-to-moderate scatter between the 
ensemble members, and hence some indication of predictive skill. 
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A similar assessment was carried out for the SLP results, and the results suggested that the 
atmospheric circulation patterns are less constrained by the ocean state than the TAS (Fig 6). 
Moreover, the spread between the ensemble members was more pronounced in the SLP than for 
TAS, which was evident from the common EOF results (Fig 7). The leading EOF accounted for most 
of  the variance both for SLP and TAS (Fig 5 & 7), and for SLP, the spatial EOF pattern suggested a 
linkage with the North Atlantic Oscillation (NAO).  

The NAO is well-known to be associated with pronounced variations in the winter-time precipitation 
and temperature over northern Europe, and may be influenced by a range of conditions including the 
stratosphere (Tomphson et al., 2002; Ripetsi et al., 2012; Cagnazzo and Manzini, 2009).   

 

https://drive.google.com/file/d/0B-6Q0ID98j24dXNVLXFLanBQT1U/view


                                                                                                     
                                                                            

 
SPECS (308378) D52.3                                                                                                                                      - 16 - 

 
 
Fig 6 shows a similar result as in Fig 4, but for SLP. The correlations are substantially lower than for 
TAS, suggesting less skillful forecasts when it comes to atmospheric circulation patterns. 
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Fig 7 shows similar results to Fig 5, but for SLP. Although the leading EOF accounts for about 50% of 
the variance, there is a substantial spread in way the PC is captured by the ensemble members. 
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The added-value of applying MOS to gridded precipitation statistics was tested through LOO cross-
validation applied to the decadal forecast for both wet-day mean and frequency, but none of these 
predictions were associated with much skill. A correlation analysis between the ensemble mean of the 
LOO results for the wet-day frequency and corresponding statistics from the gridded EOBS data 
indicated scores scattered around zero (Fig 8).  

The scores exhibited higher spatial covariance for the wet-day mean than for the wet-day frequency, 
with both higher and lower correlations depending on the location (Fig 9). The wet-day frequency is 
more homogeneous and is affected by the large-scale circulation, whereas the wet-day mean is more 
heterogeneous and strongly influenced by local phenomena such as mesoscale convection. One 
explanation for the poor prediction for the wet-day frequency was that the forecasts of SLP was 
associated with pronounced ensemble spread and a correlation analysis suggested little resemblance 
with the observed SLP field in terms of the NCEP/NCAR reanalysis 1 (Fig 6 & 7).  

Common EOFs were estimated for the ensemble mean LOO results and the EOBS data, and the 
results showed that both the decadal forecasts and the observations contained a long-term increasing 
trend, which could be associated with the past warming. For the wet-day frequency, the part of the 
leading PC representing the mean MOS results had significantly reduced variance compared to the 
observations, suggesting poor skills (R²). 
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Fig 8 shows the correlation between the annual wet-day mean estimated from the EOBS data and the 
mean MOS results taken over the entire ensemble. The results indicate low skill for the decadal 
prediction of fw. 
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Fig 9 shows similar results as Fig 8, but for μ rather than fw. The correlations are more heterogeneous 
for μ than for fw, with several regions that have higher values. However, there are also regions with 
weak scores. 
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The MOS was repeated for the gridded annual mean of the daily mean temperature from the EOBS 
set. Two experiments were carried out: one where the predictor was taken to be the marine surface 
temperature over the North Atlantic and where the temperature over land was masked, and one using 
both maritime and continental temperatures. The first experiment which included maritime 
temperatures only was expected to yield better scores if the temperatures over the ocean are more 
predictable, as the temperature over land often has higher variance and is more strongly affected by 
circulation patterns. Hence, a MOS that uses maritime temperatures as predictors may enhance the 
skill for decadal predictions.  

The annual mean temperature over Europe is influenced by the North Atlantic temperature, as 
demonstrated with LOO cross-validation for a downscaling exercise using NCEP/NCAR reanalysis as 
predictor (Fig 10), and the leading EOF for the annual temperature pattern can account for 59% of the 
total variance. However, the evaluation of the MOS for annual mean daily temperature forecasts 
indicated poor skill, especially over northern and western Europe where the correlation skill scores 
were negative (Fig 11). For time scales of 3-5 years, there was an enhancement of the correlation in 
the southern part of Europe, and for time scales around 9 years and greater the correlation was high 
for most of Europe.  

These skill scores reflect the long-term trend, which was reproduced in the decadal forecasts, and 
ephemeral variations over northern Europe with time scale less than 5 years and low predictive skill 
suggest that the shorter time scales is strongly influenced by SLP and the NAO.     
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Fig 10 is similar to Fig 2, but shows the results for the annual mean temperature and large-scale 
anomalies in TAS. 
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Fig 11 shows similar results as Fig 8, but for annual mean temperature. 

  

 3.4 Discussion 

One of the reasons for low predictive skill on decadal time scales over Europe is that the temperature 
and precipitation statistics is closely linked to the atmospheric circulation regime, and the large-scale 
SLP is only loosely constrained in terms of ocean heat distribution. Furthermore, the SLP is 
associated with shorter time scales and has a particularly strong link to the wet-day frequency, but 
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also to the temperature. Here, the temperature and precipitation statistics was aggregated for all 
seasons, however, it is possible that there may be seasonal differences (Benestad and Mezghani, 
2015). The wet-day frequency is an important factor in terms of the occurrence of extreme 
precipitation, as it affects the sample size of the wet-day amounts and its distribution, and the number 
of extreme events is affected both by fw = nwet/nall and μ; simple Monte-Carlo simulations can easily 
demonstrate that the number is proportional to the sample size nwet (not shown). The most prominent 
large-scale SLP anomaly resembles the NAO pattern, which has been notoriously difficult to forecast. 
It may be influenced by the position of the polar jet (Baldwin et al., 2007), the stratosphere (Tomphson 
et al., 2002; Ripetsi et al., 2012; Cagnazzo and Manzini, 2009), and the sea-ice extent (Petoukhov, V., 
and V. A. Semenov, 2010; Orsolini et al., 2011; Francis, J. A. and S. J. Vavrus, 2012), in addition to 
the North Atlantic SST, and it covaries with the North Atlantic storm tracks. The large-scale maritime 
TAS over the North Atlantic, on the other hand, is more strongly constrained by the ocean state. 
However, it’s effect on the European mainland is mediated through atmospheric advection.  

The assumption that MOS may add value if it makes use of large-scale anomalies associated with 
higher predictive skills could not be supported by these GFDL forecasts, although this does not rule 
out the potential for MOS to enhance such forecasts in general. There was little indication that large-
scales in terms of leading EOFs were associated with higher skills than small-scale variability (higher-
order EOFs). There was also a weak link between the saturation water vapour, which is a function of 
TAS, and the wet-day mean precipitation. Both the TAS and the wet-day mean exhibited a long-term 
trend associated with the general warming, and the higher skill scores for μ may partly be due to the 
common trend. 

The scales in time and space appear to be related, but differ for TAS and SLP. Large-scale 
temperature anomalies tend to be associated with longer time scales such as long-term trends, 
however, there were also some indication of variations with 20-30 year time scales. For SLP, on the 
other hand, the aggregation over space did not translate into longer time scales, but reduced variance. 
The SLP gives a measure of the air mass residing above the sea, and an average over a large area 
reflects the total mass within a segment of the atmosphere. The total air mass is not expected to 
change much over time, however, on smaller spatial scales, the air column is affected by atmospheric 
waves or temperatures at different heights. Furthermore, the motion within the atmosphere appears to 
only be loosely influenced by the underlying boundary conditions, such as heat sources, and this weak 
constraint limits the skill of decadal predictions over the continental Europe.  

The GFDL model, on which these results are based, may not necessarily representative of the best 
decadal forecasts or decadal forecasting in general. It is possible that better models exist with higher 
spatial resolution and better ability to represent the oceanic state and the ocean currents, and their 
influence on the overlying atmosphere. 

 3.5 Conclusions 

Decadal forecasts derived from the GFDL model were subject to MOS-based empirical-statistical 
downscaling over the North Atlantic and European region, but the analysis of skill suggested low 
predictability mainly due to the fact that the atmospheric circulation is weakly constrained by the 
oceanic state. Precipitation and temperature over Europe are strongly influenced by such circulation 
patterns, and in particular variability resembling the NAO and corresponding large-scale mean sea-
level pressure anomalies. There was also little indication that large-scale anomalies were more 
predictable than small-scale variability, according to these forecasts, hence undermining the 
assumption for MOS enhancing the predictive skill on decadal time scales. 
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 3.6 Appendix 

Our analysis relies on a 10-member ensemble of 10-year long hindcasts performed with the 
Geophysical Fluid Dynamics Laboratory (GFDL) Climate Model, version 2.1 (CM2.1), initialized every 
January 1st for the period 1961-2011 through a full-field assimilation technique such as to bring the 
state of the coupled model close to observations. This allows the simulated natural variability to be 
aligned with the observed variability. Each set of initial conditions are derived from version 3.1 of 
GFDL’s fully coupled reanalysis produced using the GFDL Ensemble Coupled Data Assimilation 
System (ECDA3.1), which is based on an ensemble Kalman filter (Zhang et al. 2007). 

GFDL CM2.1 horizontal atmospheric resolution is 2° latitude x 2.5° longitude while the ocean 
horizontal resolution is 1° in latitude and longitude, with the meridional resolution equatorward of 30° 
increasing progressively such as to reach ~0.3° at the equator. The atmospheric component of the 
model has 24 vertical levels while the ocean component has 50 vertical levels, 22 of which are evenly 
spaced withing the top 220 m. 

The simulations were performed within the context of the Coupled Model Intercomparison Project 
Phase 5 (CMIP5) project. Thus, the external forcing (greenhouse gases, solar activity, stratospheric 
aerosols associated with volcanic eruptions, and anthropogenic aerosols) are taken from observations 
for the period 1961–2005 and from the RCP 4.5 scenario (Representative Concentration Pathway 4.5 
Wm−2; Meinshausen et al., 2011) estimates from 2006 onward. It should be noted that some of these 
radiative forcings would not be known in a true prediction exercise, and as such the results can be 
better understood as an upper limit on predictability. 

Method: a detailed description 

The threshold value defining a wet day was set to 1mm/day, and the precipitation parameters were 
estimated from the daily data sets through the use of CDO. The predictor for μ was the saturation 
vapour pressure estimated from the SAT as in Benestad and Mezghani (2015), whereas the predictor 
for fw was the SLP. 

The MOS was applied to all ensemble members and observations where the set of observations was 
repeated once for each ensemble member. In order to ensure a proper synchronisation, the matching 
of data points relied on using the dates of the data; Each initialisation of forecasts was carried out for 
different years, and the dates corresponding to the first member was associated with YYYY-01-01 
(YYYY being the year of the forecast), the second member YYYY-01-02, and so on. The repeated use 
of observations and including all ensemble members in the calibration give a larger training sample 
than using single members or ensemble means. In addition, making use of the entire forecast 
ensemble in the calibration takes advantage of more information embedded than just the ensemble 
mean, as large model spread will affect the calibration of the MOS model and provide an indication of 
the model skill. Hence, R2 values from the regression analysis will reflect the predictability of decadal 
variability. 

The predictors were TAS and SLP averaged over the forecast intervals, ranging for a year to 10 years 
of duration. The decadal forecasts were taken from the GFDL model from the FP7-SPECS project with 
9 different forecasted lead times (0-8 years), each with 10 ensemble members. Only the a limited time 
window t1- t2 was used from these simulations, and the predictor was taken as the mean aggregated 
over this time window. Then a set of empirical orthogonal functions (EOF) was derived from these 
aggregated forecasts over selected initialisations and all ensemble members. The size of the data 
matrix was n×10×spatial resolution for n forecasts and an ensemble size of 10. The predictand was 
the EOBS gridded precipitation as in the ESD exercises applied to the NCEP/NCAR reanalysis. 
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The MOS skill was assessed using a LOO cross-validation  which involved with-holding one 
forecasting interval common for all members. EOFs were estimated for the predictand based on the 
calibration set data, but excluded the interval used for the evaluation. The predictions for the 
independent evaluation sample corresponded to the principal components (PCs) which were 
associated with the EOFs from the calibration sample, but the end results were derived using these 
EOF products to recover the gridded field structure of the data. The use of EOFs was similar to using 
principal component analysis (PCA) for representing predictands, and was explored by Benestad et al. 
(2015a) who found that PCA-based downscaling gave more robust results and a marginal 
improvement in the cross-validation skills. This split before computing the predictand EOFs was not 
applied to the predictors, because the MOS would always make use of the full predictor field; Whereas 
the part of the predictors synchronised with the observations were used for the calibration, the other 
part was used for prediction. It was most convenient and simplest to compute EOFs for the entire field 
and use different segments of the PCs for the training and forecasting. 

Spatio-temporal pattern in different data sources can be compared if the data is presented on a 
common grid and combined in one matrix. It is possible to combine a number of different data sets 
through concatenation along the time dimension, and then estimate EOFs for the combined data 
matrix. Such EOFs are known as “common EOFs” (Barnett, 1999), and were used here to represent 
the predictors in terms of all ensemble members, where the principal components PCs contained 
information about the different ensemble members and the EOFs described spatial structures 
common to all. These PCs were used in a stepwise multiple regression analysis (Benestad, 2001) 
against corresponding PCs representing the predictands. The analysis was implemented in the R-
environment and used the ‘esd’ library (Benestad et al., 2015b). Similar strategy has been applied in a 
pilot study to prepare seasonal forecasts for Bangladesh and Brazil (SPECS, report on outreach). 

Model output statistics (MOS) is essentially the same as empirical-statistical downscaling (ESD), but 
where the model results are used in the calibration of the downscaling models rather than a third data 
set (e.g. reanalyses). In this case, the decadal forecasts (TAS, SLP, or es derived from TAS) were 
used as predictors in both the calibration process as well as for prediction. In this case, MOS was 
based on a multiple regression analysis, which could account for systematic biases in the the forecast 
fields (e.g. different means/drift, variance, or variations offset in space).    
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6. Efforts for this deliverable 

 

Partner Person-months 
(actual) 

Person-
months  
(in-kind) 

Period covered 

CSIC 1 PMs   Months 36-40 

MET.NO 5 PMs  Months 36-40 

Total 6 PMs  Months 36-40 

 
 

7. Sustainability  

Synergies for the further development of these ideas have been established with the EU-COST action 
and the VALUE (http://www.value-cost.eu) and with the CORDEX-ESD (http://www.cordex.org). 
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