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1. Executive summary
Here we present a summary of the activities of each contributing centre to the SPECS activity to
increase resolution of seasonal and decadal forecasts. Key outcomes are as follows:


Improvements have been found in both predicted mean states and prediction skill



Both horizontal and vertical resolution are likely to be important



Some models now better predict the winter North Atlantic Oscillation



Improved real time forecasts are now being issued by some centres



Potential new applications are possible, particularly for Europe in winter

The result of improved predictions of the winter atmospheric circulation (the NAO) as it is the single
most important factor that determines European winter climate and therefore helps to drive new
applications as highlighted in the partner project EUPORIAS. A very large number of peer reviewed
publications has resulted from this work.

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.
1.

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

2.

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

3.

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

4.

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

5.

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

6.
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No.

Objective
statistical perspectives for the increase of forecast reliability

Yes

7.

To achieve reliable and accurate local-to-regional predictions via X
the 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 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

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 forecastbased products for the GPCs and participating in their transfer to
worldwide RCCs and NHMSs.

No

3. Detailed report on the deliverable
3.1 Met Office contribution
The Met Office seasonal hindcast system was progressed to higher resolution early in the SPECS
project with ocean resolution of 0.25 degrees and atmospheric resolution of well below 1 degree. The
results from this development were presented in peer reviewed papers which showed an exciting
development of good seasonal forecast skill for Europe in winter (Scaife et al 2014, MacLachlan et al
2015).
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Figure 1: Ensemble predictions of the NAO from the Met Office GloSea system. Retrospective
forecasts are shown in orange, observations in black and real time forecasts in blue. Values are
standardised following Scaife et al 2014.
Since the publication of these SPECS results based on past cases, we have had 3 winters and ran the
forecast system for each. The real time prediction skill over those three winters, a period dominated by
strong positive NAO and a strong, stormy Atlantic jet stream have shown similar agreement with the
observed flow (see above). While this small sample of real time forecasts does not demonstrate
statistical significance, it is consistent with real seasonal predictions skill for the NAO and has driven
various applications in the EU partner project EUPORIAS.
We have since progressed Met Office decadal predictions to the same resolution, using the same
numerical model in the pursuit of seamlessness. An extended set of hindcasts has been run, extending
back to 1980 and initialised each year in November. Examination of second winter predictions in these
longer lead forecasts shows that not only seasonal forecasts of the NAO for the first winter, but also
interannual forecasts for the second winter NAO are skilful (see below, Dunstone et al 2016). The
sources of predictability for the second winter are mainly the EL Nino Southern Oscillation which shows
moderate predictability (correlation >0.5) at lead times of 1 year and solar variability which drives
multiannual variability in the NAO (Scaife et al 2013, Andrews et al 2015).
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Figure 2: Ensemble predictions of the NAO for winter 1 (left) and winter 2 (right). Forecasts were
started at the beginning of November.
Another key finding from this project is the anomalously small size of these predictable signals in the
North Atlantic circulation. It turns out that the predictable signal which remains after meaning over the
forecast ensembles for each winter is smaller than that implied by the signal to noise ratio in the
ensemble forecasts (Scaife et al 2014, Eade et al 2014). This so called ‘signal to noise paradox’ is
now a leading question in the further development of these predictions. The main paper which
documented its existence was awarded the WMO Professor Mariolopoulos prize this year:
https://blog.metoffice.gov.uk/2016/04/13/met-office-scientist-wins-international-award-for-landmarkclimate-science/
We have implemented our high resolution forecast system in operations and used the resulting real
time forecasts for winter 2015/16 to completed a case study of this unusual winter. There was a near
record El Nino during this winter which was well predicted (see below) and appears to be analogous in
pattern to the winter of 1982/3 when a similar strong event occurred.
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Figure 3: Observed and predicted SST anomalies in the tropical Pacific for winter 2015/16.
Analogous strong El Nino winters from previous winters are plotted in the lower panels.
More interesting for European seasonal forecasts is that winter 2015/16 started with very strong
westerly flow in December followed by increased Atlantic ridging in late winter. Both features
were well predicted by our high resolution seasonal forecasts and a paper is submitted
documenting this success (Scaife et al 2016a).
We are now testing further increases in our seasonal forecast resolution to approximately
double the horizontal resolution. The corresponding mid latitude grid spacing of this new system
is ~25km. Preliminary results suggest a further increase in skill and some increase in the signal
size. However, this is far from a complete solution to the signal to noise paradox identified
above.
We have also analysed the wider global skill in our high resolution forecasts. Collaboration with
Chinese colleagues has demonstrated high skill for the East Asian summer monsoon rainfall –
a key element of Chinese climate variability (Li et al 2016). The retrospective forecasts
produced under SPECS show a strong influence of ENSO on the following summer rainfall and
potentially useful levels of skill in predicting Yangtze river valley summer rainfall (r = 0.55) at
long lead times. The paper appeared in Environmental Research Letters and an associated pod
cast is available: http://iopscience.iop.org/article/10.1088/1748-9326/11/9/094002/meta
The progress we have made with our improved high resolution forecast systems under SPECS
is now leading to potential applications in a number of sectors including transport (Palin et al
2015, Karpechko et al 2015) and hydrology (Svensson et al 2015). It is also leading to
improved predictions in other areas worldwide (e.g. Sheen et al 2016) and to skilful predictions
of extremes such as tropical cyclones (Camp et al 2015).
SPECS (308378) D41.1
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3.1 BSC contribution
Three sets of 4-month 10-member seasonal re-forecasts were carried out with different
configurations of the atmosphere and ocean components. Forecasts start on the 1st of May and 1st
of November every year from 1993 to 2009. Three experiments are considered: SRes (Standard
Resolution: T255- ORCA1L46), IRes (Intermediate Resolution: T255-ORCA025L75) and HRes (High
Resolution: T511- ORCA025L75). For all configurations the default version of EC-Earth 3.0.1 as
released by the EC- Earth consortium has been used. The set-up is summarized in Table 1.
Experiment

Atmosphere

name

resolution

SRes

T255L91

ORCA1L46

IRes

T255L91

ORCA025L75

HRes

T511L91

ORCA025L75

Ocean resolution

Table 1: Settings for atmospheric and ocean resolution for the three sets of experiments presented
in this manuscript.

SPECS (308378) D41.1

-9-

Figure 4: a) Mean bias of SST (unit: K) in JJA (months 2 to 4 of the forecasts initialized in May) in the
SRes experiment, with respect to ESA. b) Difference of SST for the IRes experiment with respect to
the SRes experiments. c) Difference of SST for the HRes experiment with respect to the LRes
experiments. d), e), f) Same as a), b), c) but for precipitation (colors, unit: mm/day) and 850 hPa winds
(arrows, unit m/s). g), h), i) Same as a), b), c) for near surface atmosphere temperature (unit: K). For
figures b), c), e) and f), dots show the points where the difference is significant at the 95% confidence
level according to a student t-test. For figures h) and i), only the values of winds significant at 95%
confidence level are shown.
The impact of increasing resolution on the model mean climate is first assessed by considering how
the bias in the SRes re-forecasts changes in the IRes and HRes experiments. The summer (JJA)
biases are computed for forecast months 2 to 4 of the forecast initialized on 1st May. Figure 4 shows
results for JJA re-forecasts, respectively, for SST, precipitation and 850 hPa winds. Figures 4a shows
the classical cold tongue bias in the equatorial Pacific (Vanniere et al. 2013) of up to 3ºC in the SRes.
A similar bias is also visible in boreal summer in the tropical Atlantic (Wahl et al. 2009; Liu et al. 2012).
SRes simulates too warm SST in the western boundary currents, Kurushio and Gulf Stream (as it was
the case in EC-Earth 2.2, Hazeleger et al. 2010; Gent et al. 2010) and in the Antarctic Circumpolar
region. In summer, in the Indian Ocean, SRes exhibits a warm bias in the Somali upwelling that is
common to other coupled models (Prodhomme et al. 2014) and a large cold bias in the mid-latitudes.
Precipitation biases are mainly visible in the tropics, in part because the precipitation is stronger there.
Precipitation is excessive in the Indian Ocean in both winter and summer, especially over the Maritime
Continent (consistently with Neale and Slingo 2003) and for the monsoon precipitations (as in
Prodhomme et al 2014). In the Pacific, the double ITCZ bias is also found for precipitation in winter,
although in the summer the ITCZ is shifted northward (Lin 2007; Bellucci et al. 2010).
SPECS (308378) D41.1
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Figures 4b-c shows the bias differences between the SRes and the IRes and HRes experiments,
respectively, for the SST. Increasing the resolution is in general beneficial for the SST bias. IRes and
HRes show some important and similar improvements with respect to SRes: (1) the cold bias in
summer in the North Pacific and North Atlantic basins, (2) the warm bias in the Somali upwelling, and
(3) the cold tongue bias are all reduced (also in boreal winter, not shown). The higher-resolution
atmosphere in HRes further reduces the cold tongue bias and the warm bias in the Somali upwelling,
due to the better representation of the air-sea coupling and Ekman pumping (Chowdary et al. 2015).
For wind and precipitation the main changes occur when both oceanic and atmospheric resolutions
are increased. In the Indian Ocean, consistently with Prodhomme et al. (2014), the SST cooling,
associated to the increase of oceanic resolution, leads to a decrease of the excessive oceanic
precipitation (Figs. 4c,f). Probably due to the improved orography the bias over the Maritime continent
is also reduced which is consistent with Love et al. (2011) and Schiemann et al (2014).
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Figure 5: Comparison between Niño 3.4 skill between between SRes (black), IRes (red) and HRes
SPECS (308378) D41.1
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(blue) a) Correlation in the Niño 3.4 region between SRes, IRes and HRes and the observation (ESA,
plain line and ERSST, dashed line) for May start dates. Dots shows the correlation significant at 95%
confidence level and green stars show the correlation in IRes and HRes significantly different from
SRes at 95% confidence level. b) RMSE in the Niño 3.4 region of SRes, IRes and HRes with respect
to the observation (ESA, plain line and ERSST, dashed line) for May start dates. The dotted lines
show the spread of the different experiment with the same color as RMSE. c) Reliability diagram for
Niño 3.4 SST below the 1st tercile (La Niña-like events) for JJA 1993-2009; the corresponding Brier
Score is shown in the top left corner. Error bars indicate significance intervals at 95% computed with a
bootstrapping method. The size of the dots is proportional to the size of the population bin for each
forecast probability. d) Same as c) but for the SST above the 2nd tercile (El Niño-like events). e), f), g),
h) same as a), b),c), d) but for November start dates.

The main source of skill at seasonal timescales is the ENSO phenomenon. In order to evaluate the
changes occurring in this highly relevant region, we look more specifically at the skill of the Niño3.4
index (SST averaged over 190ºE240ºE-5ºS5ºN), which is generally used to assess the skill of a
system to forecast ENSO, Figure 5 shows that the resolution increase does improve the ENSO skill.
The skill increase occurs for both summer and winter seasons and during the whole forecast length,
although the increase is stronger in summer. Increasing only the oceanic resolution already improves
the ENSO skill and the benefit is reinforced when the resolution of both components is increased,
which is consistent with the strong coupled nature of the ENSO phenomenon. This improvement is
robust when considering both deterministic scores, e.g. correlation with different observational
products (Fig. 5a,e), RMSE (Fig. 5b,f), and probabilistic skill scores such as the Brier Score (Fig.
5c,d,g,h). The Brier Score is smaller (therefore better) in all cases considered in HRes and/or IRes
with respect to SRes, due to improvements in both resolution and reliability components, except for
DJF Nino3.4 index reaching above the second tercile. In this case (Fig. 5h) the reliability is better and
the reliability curve is closer to the perfect reliability diagonal, but the resolution score decreases.
These improvements might be linked to the mean state improvement in the Tropical Pacific (Figs. 4
and 5) and also to the better representation of high frequency and small scale coupled processes
associated to horizontal but also vertical resolution (Masson et al. 2012).
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Figure 6: Correlation of different indices as a function of forecast time. For all figures dots shows the
correlation significant at 95% confidence level and green stars show the correlation in IRes and HRes
significantly different from SRes at 95% confidence level. a) Indian Monsoon Dynamical Index (IMDI):
zonal wind at 850 hPa averaged in the region 40 ◦ E80 ◦ E-5 ◦ N15 ◦ N minus the wind at averaged in
the region 70 ◦ E90 ◦ E-20 ◦ N30 ◦ N. b) Extended Indian Monsoon Rainfall (EIMR): precipitation
averaged in the region 70 ◦ E110 ◦ E-10 ◦ N30 ◦ N. c) Indian Summer Monsoon Rainfall (ISMR):
precipitation averaged over land in the region 70 ◦ E95 ◦ E-5 ◦ N30 ◦ N. d) Western Indian Ocean
(WIO): SST averaged in the region 60 ◦ E80 ◦ E-10 ◦ S10 ◦ N. e) Indian Ocean Basin (IOB): SST
averaged in 40 ◦ E110 ◦ E-20 ◦ S20 ◦ N. f) SST averaged in the Arabian Sea (40 ◦ E80 ◦ E-10 ◦ N30 ◦
N).
Several studies reported an improved representation of the Indian monsoon with an increase of
resolution (Gent et al. 2010; Delworth et al. 2012; Johnson et al. 2016, among others). In addition, the
monsoon is known to be strongly influenced by ENSO (Boschat et al. 2011), therefore improvement of
ENSO representation might lead to improvement in the Indian monsoon. Fig. 6a-c shows three
different monsoon indices: the Indian summer Monsoon Dynamical Index (IMDI; zonal wind at 850
hPa averaged in the region 40ºE80ºE-5ºN15ºN minus the zonal wind averaged in the region
70ºE90ºE-20ºN30ºN; Wang et al. 2001), the Extended Indian Monsoon Rainfall (70ºE95ºE-5ºN30ºN)
and the Indian Summer Monsoon Rainfall (continental precipitation over the region 70ºE95ºE5ºN30ºN). All these indices show an improvement of skill with the increase of resolution at the
beginning of the monsoon season. In order to understand the increase of monsoon skill Fig. 6d-f
shows the skill of three indices known to influence the monsoon: the SST in the Arabian Sea (Levine
and Turner 2012), in the Western Indian Ocean (WIO; Prodhomme et al. 2014) and in the Indian
Ocean Basin (IOB; Boschat et al. 2011). The skill of these three indices is slightly increased in IRes
and HRes and, as for the monsoon onset date, the skill is the highest in IRes. This last point would

SPECS (308378) D41.1

- 14 -

need deeper investigation. This increase of skill in the Indian Ocean and the increase of ENSO skill
could explain the improvement of the monsoon predictability in IRes and HRes

Figure 7: Correlation of the NAO index in boreal a) summer and b) winter re-forecasts for months 2-4
and computed month by month for SRes (black), IRes (red) and HRes (blue), using both Pobs (dark
colors) and Pmod (pale colors) computations.
The NAO accounts for a substantial part of the large-scale atmospheric circulation over the North
Atlantic-Europe region at seasonal-to-interannual time scales. Several studies have evaluated the
(generally limited) forecast skill of GCMs of the seasonal NAO index (e.g. Doblas-Reyes et al. 2003;
Arribas et al. 2011; Kim et al. 2012). Recently, higher resolution GCMs were found to have significant
skill in forecasting the NAO (Scaife et al. 2014). In this study, we choose to compute the NAO with two
different indices based on an EOF analysis leading to a NAO index for the model (Pmod) and the
observations (Pobs). The Pobs (Pmod) NAO index computation method consists in computing the
NAO pattern as the leading EOF of sea level pressure in the reference data set (the re-forecast data,
SPECS (308378) D41.1
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respectively) in cross-validation mode and projecting
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given month/season onto the pattern to compute the index. NAO index correlation coefficients with
respect to ERA-Interim data for boreal winter and summer in the three experiments studied here are
shown in Fig. 7 for Pobs and Pmod NAO index calculations. Results from Fig. 7 can be summarized
as follows. The NAO prediction skill in EC-Earth is quite poor with standard resolution over the
1993- 2009 re-forecast period, both for boreal winter and boreal summer. Increasing resolution
leads to some improvements in NAO correlation, especially for boreal winter (Fig. 7a). For boreal
summer (Fig 7b) results are more contrasted, since for higher forecast times (after month 3) the
NAO correlation drops when increasing resolution. It is crucial to note that uncertainty intervals for
these scores are very large and differences are often not significant.
To conclude, the increase of oceanic and/or atmospheric resolution in EC-Earth 3 generally leads to
an improved representation of the mean state of the re-forecast. The SST is more sensitive to
resolution increase in the ocean model, whereas atmospheric variables (precipitation, near-surface
wind, T2M over land) are improved only if atmospheric resolution is also increased. Some
improvement of the mean state, especially in the Tropical Indo-Pacific, is associated with an
improvement of skill in this region for both SST (Niño 3.4, IOB, Western Indian Ocean and Arabian
Sea) and monsoon simulation (onset date, dynamical index and rainfall). Some minor improvements
are also visible in the sea ice and NAO predictability, as well as the representation of the blocking
indices. All those results are detailed in Prodhomme et al. (2016).

3.2 MPI contribution
At MPG a high resolution version of the MPI-ESM-1.2 (HR) has been developed. The model has a
T127 truncation (~100km) in the atmosphere with 95 vertical levels and a tripolar grid with 0.4°
eddy- permitting resolution in the ocean with 40 vertical levels. In comparison the low resolution
(LR) version has a T63 truncation (~200km) in the atmosphere with 47 vertical levels and a dipolar
grid with nominal 1.5° in the ocean. The tuning process has recently been finished and seasonal to
decadal prediction experiments are in progress. Here some bias features of the HR in contrast to LR
are highlighted.
The North Atlantic climate system is characterized by a stable Atlantic meridional overturning
circulation (AMOC) with magnitudes of ~16SV in HR and ~ 20Sv in LR. A strong SST bias of ~5°C,
however, is still present in both configurations, together with too zonal North Atlantic current and
storm tracks, and therefore more frequent storms entering the Mediterranean region. The increase
of atmospheric resolution in HR, however, reduces the bias of upper level zonal winds and
atmospheric jet stream position. This result in a decrease of the storm track bias over the northern
North Atlantic, for both winter and summer season (figure 8). In addition during the summer
seasons, the reduction of the zonal wind bias substantially improves the blocking frequency over the
European region (figure 9). For winter, NAO and related storm track variations are improved in HR
compared to LR (figure 10). The results are summarized in Müller et al [2016]

SPECS (308378) D41.1

- 17 -

Figure 8: The variance of 2-6 day band-pass filtered geopotential height at 500hPa for (a-c) winter
DJF means and (d-f) summer JJA means. Shown are (a, d) ERAinterim climatology averaged for the
period 1979-2005, (b,e) LR minus ERAinterim and (c,f) HR minus ERAinterim. For the model
climatologies the ensemble average of the variances are calculated. Units are in meter [m]. For the
model 5 members of historical runs are used.
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Figure 9: Blocking frequencies for (a,c,e) winter (DJF) and (b,d,f) summer (JJA) for (a,b) ERA
interim, (c,d), LR and (e,f) HR. Shown is the percentage of blocking days per season based on
Scherrer et al [2006]. The results for LR and HR are based on an mean of blocking frequencies
of 5 member historical experiments. Here the period 1979-2005 is considered. Units are in
percentage [%].
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Figure 10: (a-c) Composites of storm tracks (2-6 day band-pass filtered geopotential height at 500hPa)
with respect to positive minus negative NAO phases for (a) ERAinterim, (b) HR and (c) LR. Contours
show climatological mean. Units are in meter [m]. (Right a-c) Composites of transient eddy momentum
flux on to the mean flow E·D with respect to the positive minus negative NAO phases (here E = ((v´²u´²)/2, u´v´) is similar to the E-Vector and D = (Ux-Vy, Vx + Uy) is the deformation vector of the time
mean flow; u´and v´ are the 2-6 day bandpass filtered transient zonal and meridional wind
components at xxhPa; U and V are the wind components averaged over the winter seasons (for
details see Raible et al. [2010].) Positive values denote eddy growth on the expense of the
background state. Negative values show the loss of eddy kinetic energy to the mean flow. Contours
show climatological mean. Units are in 10-4 m2s-3
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3.1 SMHI contribution
In the SPECS project SMHI has run decadal prediction experiments (hindcasts) with the ECEARTH3 model with standard and high horizontal resolution. The model version is 3.0.1 with minor
modifications to address problems with sea-ice temperature and thickness at high resolution. The
standard resolution features T255L91 in the atmosphere and ORCA1L46 in the ocean, and
T511L91 and ORCA025L75 for the high resolution configuration.
The control experiment consists of hindcasts that started on Nov 1 of each year in the period 1992
to 2009. This period is determined by the availability of the GLORYS ocean reanalysis. A 10member ensemble is launched at every start date and each member is integrated for 2 month + 5
years. The configuration with higher horizontal resolution is substantially more computationally
demanding and we could only complete a 4-member ensemble of 5-year long hindcasts with the
same start dates. The model output has been ‘cmorized’ and the quality-checked. The data are
published and available from the ESGF.
The skill assessment of the high resolution results has only started and the first results thereof are
presented below. For the assessment of the predictive skills we rely on the SPECS verification
package for R that has been prepared for the SPECS project. All evaluation is done on annual
means.
Near surface air temperature
The correlation of the predicted and observed temperature (from ERA interim) is shown in Figure
11. The most notable improvement when going to higher resolution is found over the Pacific and
Indian Ocean. However, these improvements should be taken with a grain of salt because the
“observations” in these regions are mainly the first guess of the ERA interim model which in many
aspects is identical to EC-EARTH3.
The predictions over Eastern Europe and in particular over North Eastern Europe seem to profit
from higher resolution as revealed by the improvement of the correlation coefficient in this region.
One hypothesis that needs to be followed up is that the better prediction of the temperature could be
related to a better representation of the snow cover. On the other hand the North-Eastern part of
North America shows a decrease of the correlation skill for reasons yet unknown.
The same pattern with improved predictability of the near-surface air temperature over Eastern
Europe and decreased predictability over North-Eastern North America is also found when looking
at Brier score plots for a warmer than normal event (Fig. 12) where a decrease of the Brier score
indicates a better prediction of the event.
SST
Figure 13 shows the correlation between predicted and observed SST and Figure 14 the Brier score
for the prediction of a warmer than normal event. We can identify improved skill over the tropical
Pacific and Indian Ocean, and in particular over the North Atlantic. Whether or not the better
prediction of the SST over the North Atlantic comes from a better forecast of the AMOC needs
further analysis.
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Figure 11: Anomaly correlation of the EC-EARTH3 experiments with high horizontal (HHR) and
standard (str2) resolution, and the difference of the anomaly correlation at the bottom

Figure 12: As Figure 1 but for the Brier score for the prediction of a warmer than normal
event (“coming decade is warmer than normal”).
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Figure 13: Anomaly correlation of the decadal EC-EARTH3 experiments with high horizontal (HHR)
and standard (str2) resolution, and the difference in the anomaly correlation at the bottom

Figure 14: As Figure 13 but for the Brier score for a warmer than normal event
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3.1 Meteo-France contribution
In the first half of the project we have tested the improvements one by one. Technical note no.1
summarizes the impact of atmosphere hires and atmosphere+ocean hires.
In the second half of the project, we have merged all improvements. The attached Technical note
draft shows the overall impact on predictability. Given the results of note no 1 (and of note no 3
dedicated to the stratosphere), the improvements in ENSO and NAO scores are a combination of
horizontal and vertical resolution increases. High horizontal resolution is therefore not fully efficient,
but combines with high vertical resolution to produce a real improvement. One can say the same
thing for NAO: a robust improvement needs both horizontal and vertical enhancement. One difficulty
is that in note 1, the verification period id 1993-2009, whereas in the other two studies (draft note
and note 3) it is the full SPECS period 1979-2012.
We have also (for winter and summer and for 4 months only) recent experiments comparing t127 ->
T359 with the high vertical resolution, new physics and stochastic perturbations. The results are not
very convincing of improvements so far.
The base model, referred to as S4 in the following, is a modified version of CNRM-CM5 (Voldoire et
al., 2013). The ocean part is Nemo version 3.2 with 1° resolution (refined in latitude along the
equator) and 42 levels. The atmosphere is Arpege version 6.0 with tl127 spectral truncation (1.4°)
and 31 vertical levels. Due to the choice of model parameters, Arpege v6.0 is quasi-equivalent to
Arpege v5.2 which is the actual component of CNRM-CM5. Because of the lack of initial conditions
when it was set-up, the surface soil scheme has been replaced by a simpler one (Isba), and the
sea-ice model Gelato has been replaced by a climatological sea-ice.
The target model, referred to as S5, uses the same versions for Arpege and Nemo. The soil model
is Surfex and the sea-ice is Gelato. Both Surfex and Gelato initial conditions have been obtained by
a preliminary run 1979-2012 nudged toward Era-interim (including sea surface temperature). It is
possible to obtain even better soil condition with Era-land reanalysis (Ardilouze et al, 2016), but this
was not the case here. The horizontal resolution is tl255 (0.7°), twice that of S4. In Déqué et al.
(2014a) we tested tl359 (0.5°) but the huge cost for a modest yield advocated for a mid-term choice
in order to combine horizontal and vertical resolution. In WP4.1 we tested also a 0.25° version of
Nemo. We stay here to Nemo at 1° because there exists no ocean resolution between 0.25° and 1°
to mitigate the computation over-cost, because a 0.25° version is still in development for CMIP6,
and because no initial conditions are available before 1993. In addition the so-called 1° Nemo has a
0.3° latitudinal resolution at the equator.
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Figure 15: Time correlation between the predicted and observed Nino 3.4 monthly sst as a function
of lead time (month); red line S5 (red line) versus S4 (blue line); top left Winter, top right Spring,
bottom left Summer and bottom right Autumn
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Figure 16: Time correlation between the predicted and observed Nino 3.4 monthly sst as a function
of lead time (month); red line high top, blue line low top, grey curve persistence; winter (a), spring
(b), summer (c) and autumn (d).
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Figure 17: Time correlation between the predicted and observed Nino 3.4 monthly sst as a function of
lead time (month); red line high resolution and blue line low resolution. winter (top left), spring (top
right), summer (bottom left) and autumn (bottom right).
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