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1. Abstract
The standard version of CNRM-CM5 with a resolution of 150 km and 31 vertical levels, which is used in
Météo-France system 4 of the Eurosip seasonal forecast consortium is upgraded to system 5 according
to the various improvements tested in SPECS: soil and sea-ice initialization (WP3.1), horizontal
resolution (WP4.1) vertical resolution and stratosphere (WP4.3) and accounting for model inadequacy
(WP4.4). Taken individually each improvement has a modest effect on scores, positive or negative
depending on the season or variable and in most cases not significant due to the sampling uncertainty.
In addition, the scores increments are not additive when combining different improvements. For these
reasons, we compare here the starting and the final point of the developments investigated in SPECS.
The main impact on scores is the ENSO predictability, which is a robust feature in seasonal prediction.
The impact on midlatitude predictability is modest, but generally positive, in particular for NAO. The
model systematic error in the northern hemisphere is reduced. The final version has been selected for
the Météo-France system 5 contribution to Eurosip. In addition we examine further improvements to be
included in the next forecast system (further enhanced horizontal resolution and physical
parametrizations) and evaluate the impact of horizontal resolution on this version of the model.

2. Introduction
Progress in seasonal forecasting relies upon three contributions:
1) improvement of the observation system
2) improvement of the modelling system
3) increase in computer capacity
One of the major aspects of the SPECS project is the second point. But these three points are not
independent: modelling improvement requires better observations (WP3.1) or enhanced computer
capacity (WP4.1). We must be clear that “modelling improvement” means in the present note that we
introduce refinements in the models which make it closer to our conception of reality. In other words we
remove simplifications that were made before. Modelling improvement is not synonymous of forecast
score improvement. Most of the time the score improvement is not significant. For example with a 30year hindcast and 30-member ensembles an increase of 90°N-30°N 500 hPa geopotential height ACC
from 0.32 to 0.35 is not significant. In some cases a model improvement leads to a score degradation,
because some error compensations occurred in the previous model state. An example is given in Déqué
et al. (2014a) and WP4.1. Increasing coupling frequency between ocean and atmosphere from 24h to
3h is a modelling improvement, as it makes the model closer to reality (the coupling is instantaneous).
However, because the model surface wind stress has a too strong diurnal variability, the ENSO scores
were clearly degraded.
The dilemma in seasonal forecasting, and more generally in climate model development, is that we
cannot replace a version by a version with degraded performances, but on the other hand we cannot
discard an improvement which might be fruitful in a further version. For this reason, modellers work with
a frozen stable version, used to produce operational forecasts or to take part in international projects,
and a development version in which they introduce what has been defined above as improvements. At
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some stage, one can decide that the positive impacts on scores of a development version overcome
the negative impacts, and upgrade the stable version. This is typically what we did in SPECS. MétéoFrance was involved in four workpackages:
 WP3.1: Impact of improved initialisation and sample size
 WP4.1: Impact of increased horizontal resolution
 WP4.3: Stratosphere and changing radiative forcing
 WP4.4: Addressing model inadequacy
In each workpackage individual improvements have been tested and reported: Deliverable D31.2 report
for WP3.1, Technical note 1 for WP4.1, Technical note 3 for WP4.3, Deliverable D44.1 report for WP4.4.
In the present note, we compare the pre-SPECS version of the Météo-France model with a version
gathering the individual improvements. In section 3 we describe the two versions of the models. In order
to make a robust assessment, we use a long hindcast period (1979-2012) and a populated ensemble
(90 members till month 4, 45 members till month 7). The 4 seasons are examined and the old versus
new comparison is presented in section 4. We do not examine here the individual improvements,
because it is generally impossible to attribute a score increase or decrease to one particular
improvement: compensation effects (two individually negative effects yield a positive effect), saturation
effects (two positive effects yield the same effect when combined) and statistical uncertainty makes the
exercise unbearable. In addition, the individual experiments have not been carried out in a strictly
comparable way. For example the horizontal resolution experiments have been run on a shorter period
(1993-2009), and the vertical resolution experiments include the stochastic perturbations tested in the
inadequacy experiments. So a decomposition of the 4 contributions would be irrelevant. In section 5 we
provide preliminary results of the future Météo-France forecast system with enhanced horizontal
resolution and totally revisited physical parametrizations. This has been an opportunity to downgrade
the horizontal resolution and examine its sole effect.

3. Models and experiments
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 conditions with the 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 an intermediate solution in order
to combine horizontal and vertical resolution. Results with tl359 will be shown in section 5. In WP4.1 we
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tested also a 0.25° version of Nemo. We stay here to Nemo at 1° because no ocean resolution is
available for Nemo 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 high resolution ocean reanalysis providing initial
conditions are available before 1993. In addition the Orca1 grid used in Nemo has a 0.3° latitudinal
resolution at the equator.
The vertical resolution in the atmosphere is 91 levels, and the model includes a prognostic variable for
ozone concentration and a parametrization for stratospheric gravity waves (Déqué et al., 2014b). The
ozone initial condition is climatological. The time step is 15 min, which gives an acceptable numerical
stability and a good accuracy in the semi-lagrangian stepping.
At each model time step a small perturbation is added to the atmosphere prognostic variables (velocity
potential, stream function, temperature, moisture and surface pressure). The role of this perturbation is
to attempt to correct the model inadequacy. As we ignore a priori the correction to apply, we subtract
errors calculated with other years. This perturbation includes three aspects: the model inadequacy to
represent the observed climate (bias), the model misrepresentation of the year to year variability
(seasonal forecast error), and the model inadequacy to make short-range predictions (butterfly effect).
A sample of model errors is obtained by a preliminary pseudo-hindcast nudged toward Era-interim 6hourly data. The nudging strength used here is 30 days. The daily error tendencies are calculated as
the difference between the forecast and the verification multiplied by the relaxation coefficient. The
perturbations are daily error tendencies selected at random, multiplied by the time step and with opposite
sign. The selection is a sequence of 5 consecutive days drawn in the same calendar month of the other
33 years. This method ensures spatial, temporal and inter-variable consistency of the perturbations.
More details in Batté and Déqué (2016).
For S4 and S5, hindcasts cover 1979-2012 period with 4 start dates per year (1st Feb, 1st May, 1st Aug
and 1st Nov). Till month 4, the ensembles have 90 members. Between month 5 and 7, as we are mostly
interested in ENSO which is more robust to evaluate, only 45 members have been run. The different
members are generated by taking different random sequences for the model perturbations.

4. Results
4.1 Nino 3.4 scores
The most familiar predictand in seasonal forecasting is ENSO. The present generation of models provide
valuable scores, up to 6 months in advance, of the warm and cold phases of the equatorial Pacific sea
surface temperature (sst), even for start dates when the persistence prediction collapses. In addition an
ENSO phenomenon conditions large-scale seasonal anomalies in many areas. The most commonly
used index is the mean temperature anomaly of the so-called Nino 3.4 area, corresponding to the
rectangle [5°S-5°N ; 170°W-120°W]. Figure 1 shows that the spring and the summer forecasts (starting
at 1st Feb and 1st May), which have the lowest predictability, and for which the persistence forecast (not
shown) is very poor beyond month 3, are improved with S5 (in red), whereas the other two seasons are
left unchanged. This is a great result, because in the resolution sensitivity experiments mentioned in the
previous section, at least one season was degraded by a higher resolution.
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Figure 1: Time correlation between the predicted and observed Nino 3.4 monthly sst as a function of lead
time (month); S5 (red line) versus S4 (blue line); top left Winter (Nov 1 start) , top right Spring (Feb 1 start),
bottom left Summer (May 1 start) and bottom right Autumn (Aug 1 start).

4.2 NAO index
In the case of Europe, the ENSO phenomenon has a minor impact at seasonal scale. The most studied
index there is the the North Atlantic Oscillation (NAO) index. The NAO phenomenon corresponds to the
enhancement or the weakening of the North-South pressure gradient in the northern Atlantic. Here we
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calculated it with an EOF analysis of the daily 500 hPa height over the Atlantic-Europe area for DJF,
from 1979-2012 Era-interim data. The daily annual cycle has been subtracted. The first EOF explains
20% of the total variance. Its pattern is shown in Fig. 2. The second EOF explains 14%, so is clearly
separated from the first one. When applied to the other seasons, the EOF analysis provides the same
leading mode, but with a lesser percentage of variance and a northward shift of the positive belt. The
scores in the other seasons of the first EOF are not significant, so we concentrate here on DJF
predictions.

Figure 2: Spatial pattern of EOF1 of 500 hPa height in DJF (dimensionless units, contour interval 1, shading
above 1); this pattern is used to calculate the NAO index

The correlation coefficient is 0.43 for S4 and 0.49 for S5. Using a larger ensemble allows to determine
if this progress is significant. The NDJF ensemble has been increased to 240 members (S4) and 360
members (S5). Drawing 90 members at random, and repeating the operation 1000 times provides some
statistics about the score distribution. For S4 the median is 0.37 and the 95% interval is [0.27,0.45]. For
S5 the median is 0.46 and the 95% interval is [0.37,0.55]. Each median is at the margin of the 95%
interval of the other system. One can conclude, with some confidence but without an absolute conviction,
that S5 is better than S4 in this respect.
4.3 Large areas ACC
Seasonal forecasting is not just targeted for ENSO and NAO. In this section we will examine, for surface
temperature, precipitation and 500 hPa height the sensitivity of robust scores with respect to model
improvement. Anomaly correlation coefficient (ACC) is more robust than a simple time correlation as it
involves both spatial and time averages of second order moments of the joint distribution forecastverification. However it is often difficult to decide whether the score increase (or decrease) is just due to
sampling or not. For DJF, we have run super-ensembles, as mentioned in subsection 4.4, but not for
the other three seasons. Eurosip forecasts are 51 member ensembles. We have therefore applied
subsampling to our 90 members in a similar way as in the previous subsection, that is drawing 1000
times 51 members out of the 90.
Table 1 provides, for the 4 seasons (month 2-4 averages), for precipitation, 500 hPa height and surface
temperature, and for the 3 parts of the globe, the mean ACC obtained with the two forecast systems. In
most cases, the difference between S4 and S5 is not significant. There are 11 cases with a significant

SPECS (308378)

Technical note 6

-8-

score increase versus 6 cases with a significant score decrease. The budget is thus in favour S5, but
one can notice that the increases (or decreases) remain modest. One should keep in mind that S5 is 20
times more expensive in computation time, and represents 3 years of model development. One can also
notice that the degradation is mainly located in the southern hemisphere. A possible explanation is the
introduction of an interactive sea-ice, combined to the fact that, due to the lack of continental masses in
this hemisphere, the effect of horizontal resolution increase through orography forcing might be modest.

30°N-90°N
MAM

JJA

SON

DJF

30°N-30°S

30°S-90°S

S4

S5

S4

S5

S4

S5

Prec.

0.17

0.19

0.47

0.50

0.17

0.19

Z500

0.26

0.27

0.63

0.66

0.32

0.30

Tsur

0.35

0.37

0.52

0.52

0.33

0.31

Prec.

0.07

0.08

0.45

0.43

0.16

0.18

Z500

0.19

0.20

0.55

0.57

0.29

0.28

Tsur

0.33

0.33

0.55

0.55

0.26

0.24

Prec.

0.09

0.10

0.51

0.50

0.23

0.22

Z500

0.21

0.21

0.53

0.52

0.44

0.41

Tsur

0.37

0.42

0.60

0.60

0.28

0.22

Prec.

0.20

0.21

0.57

0.56

0.17

0.22

Z500

0.33

0.33

0.66

0.68

0.34

0.33

Tsur

0.26

0.29

0.55

0.56

0.35

0.30

Table 1: Mean ACC of S4 and S5 over the 3 parts of the globe for precipitation, 500 hPa height and surface
temperature; statistically significant superiority is shaded.

4.4 Temperature scores in the northern midlatitudes
As indicated in Table 1, a small improvement is noticeable in the northern midlatitudes, in particular for
temperature. In order to examine where this improvement takes place, we plotted the time correlation
for each grid point on this region. We got surprisingly high correlation in summer, above 0.6 in some
places. The reason is, with 90-member ensembles and a 1979-2012 period, the anthropogenic warming
has a non negligible contribution to the ensemble mean, because the signal-to-noise ratio is higher than
with 15-member ensembles. So this effect was removed by using a 15-year moving average to calculate
the forecast and observed anomalies.
Figures 3a to 3d show the surface temperature correlation, based on time series of 34 values, in the 4
seasons. For an individual grid point, the significant threshold at 95% level is 0.30. However, there are
large areas with correlation above 0.20, and very few places with correlation below -0.20 . So, we
assume that those areas with correlation above 0.20 are not a sampling artefact. The different plots do
not allow to identify a region with a noticeable improvement. In summer (smallest increase in mean
ACC, see Table 1) Europe and western US are degraded by S5. In autumn (largest increase in mean
ACC) central Asia and eastern US are improved.
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Figure 3a: Time correlation for surface temperature seasonal means (detrended) for S4 (left) and S5 (right):
for MAM; contours 0.2, 0.3, 0.4, 0.5, 0.6

Figure 3b: As Figure 3a for JJA
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Figure 3c: As Figure 3a for SON

Figure 3b: As Figure 3a for DJF

4.5 500 hPa height bias
The model systematic error is indirectly connected to predictive skill since both are a consequence of
model inadequacy. But large model systematic errors can lead to misrepresentations of key processes
necessary for a better predictability at the seasonal time range. However, although model systematic
error should be limited, reducing model bias does not necessarily translate into forecasting skill. Figure
4 shows the 500 hPa geopotential bias over the northern hemisphere for the four seasons. On can see
SPECS (308378)
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that in each season, the bias is reduced. This is partly due to the stochastic perturbations, which include
a constant contribution in charge of reducing the bias.
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SON

SON

DJF

DJF

Figure 4: Mean error for 500 hPa height seasonal means for S4 (left) and S5 (right): spring, summer, autumn
and winter; contours interval 20 m
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5. Toward system 6
During the last 15 years, Météo-France has spent many efforts to renew the physical parametrizations
package of the climate model. The version used in system 5 and the previous experiments back to the
Demeter project is named “diagnostic physics”. In contrast to the previous version named “empirical
physics” used in Provost and before, this set of physical parametrizations is based on the laws of
thermodynamics and of statistical mechanics (i.e. turbulence theory). The main assumption is that the
diabatic processes (changes of water phases, dynamically unresolved phenomena such as convection)
reach a statistical equilibrium for each grid point at each time step. The adiabatic part of the model,
represented by Navier Stockes equations, is in charge of connecting the different grid points through
the advection phenomenon. This assumption is reasonable, as the diabatic contribution to the time
evolution of the variables is calculated for each atmospheric column independently. In the real world the
liquid droplets of a cloud are advected horizontally by the wind. In the model, total water (vapor, liquid
and solid) is advected, and the cloud properties are calculated locally. Because the lifetime of a droplet
is short (phase changes occur often because of vertical motions) and because the physical properties
of a cloud change along its trajectory, the model assumption is valid when the time step is 30 min or
longer or when the grid size is 100 km or larger. However, the limitations of the “diagnostic physics”
appear when using it in a 1-dimensional model driven by observations: the time step by time step
evolution appears as chaotic, whereas the actual evolution is smoother. This is because each time step
ignores the diabatic calculations of the previous one. The only memory is temperature, pressure, wind,
and specific moisture (vapor+liquid+solid). For example the convection scheme does not allow to
eliminate the vertical instability in several time steps. After one time step the vertical profile must be
stable. As a consequence the daily cycle of convective precipitation has its maximum when heating is
maximum (i.e. at noon). When considering monthly averages, the model chaotic behaviour is not that
detrimental. This explains why Météo-France used the “diagnostic physics” in CMIP5 scenarios as well
as is Eurosip system 5, while developing a new physics.
The “prognostic physics” relies upon the same assumption that the diabatic terms are calculated for all
atmospheric columns independently. But it includes a memory and a horizontal exchange of the diabatic
processes through new prognostic variables: turbulent kinetic energy, convective vertical velocity, solid
and liquid water in different states (cloud, large-scale precipitation and convection). These variables are
advected and memorized along the whole simulation. Of course the parametrizations of convection
(Guérémy, 2011), of turbulence (Cuxart et al., 2000) and of cloud and large-scale precipitation (Lopez,
2002) have been re-written to take into account the time evolution of these variables. During the first
stage of the development, the model biases were generally larger with this new physics package and
the seasonal forecast scores were degraded. But after years of careful improvements and tuning, one
can consider that the “prognostic physics” is mature. It will be used in CMIP6 scenarios as well as in
post-SPECS experiments and next forecast systems production.
In the results presented below, we consider two horizontal resolutions: tl127 (1.4°) which is the same as
in system 4 and tl359 (0.5°) which is finer than the one in system 5 (0.7°). The stratosphere, ozone,
ocean, sea-ice, soil scheme … are the same as in system 5. The main change is the atmospheric
physics. Using two resolutions allows to update the results of Déqué et al. (2014a) about the impact of
horizontal resolution with a longer time period (1979-2012) and a new version of the model. However,
we will consider here only two start dates, 1st November and 1st May, instead of 4.
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5.1 Nino 3.4 scores
The ensemble members which are available till month 7 have only 15 members, which is less than in
section 4.1 (45 members). Figure 5 shows some improvement beyond month 4, but month 2 (i.e. June)
is degraded with summer predictions. Comparing HR with system 5 (Figure 1), one can notice an
improvement in NDJFMAM and a degradation in MJJASON, in particular at month 2.

Figure 5: Time correlation between the predicted and observed Nino 3.4 monthly sst as a function of lead
time (month) with the new atmospheric physics; high resolution (red line) versus low resolution (blue line);
left-hand panel winter (NDJFMAM), right-hand panel summer (MJJASON).

5.2 NAO index
The NAO index is calculated as in section 4.2 for the period 1979-2012 and with 90 members. The time
correlation with the observed DJF series is 0.45 for high resolution and 0.52 for low resolution. It was
0.49 for system 5. This seems to indicate that a higher resolution degrades the performances. As in
section 4.2, super-ensembles are available for the winter cases, which enable to evaluate confidence
intervals for 90-member ensembles. The size is 195 members for high resolution and 345 members for
low resolution. These ensembles of opportunity are not fully homogeneous (runs on different computers,
different ways of generating the stochastic perturbations), but each member is centred with respect to
its own 34-year climatology and the sub-sample of 90 members is the same whatever the year, which
ensures the reference climatology used to compute the anomalies is the same each year. So the small
differences, if any, between the climatologies are removed and not interpreted as a forecast signal. The
sub-sampling is repeated 1000 times. In both cases the 95% interval is [0.42;0.60], so the correlation
decrease at higher resolution is not significant.

SPECS (308378)

Technical note 6

- 15 -

5.3 Large areas ACC
We apply the same procedure as in section 4.3: we select 51 members amongst the 90 available
members, and we calculate the mean ACC. A 95% interval indicates if we can trust the differences
between high and low resolution scores. Results for both seasons are displayed in Table 2. The
improvement is clear in the tropics. There is also a small improvement in DJF in the southern
midlatitudes and a degradation in JJA in the northern midlatitudes. This last feature is not observed in
Table 1. This illustrates that some benefits or shortcomings of an increase in horizontal resolution are
model-dependent. Comparing HR with system 5 (Table 2 versus Table 1) shows a significant
improvement in the tropics and a stagnation of skill in the midlatitudes.

30°N-90°N
JJA

DJF

30°N-30°S

30°S-90°S

LR

HR

LR

HR

LR

HR

Prec.

.06

.06

.40

.47

.20

.21

Z500

.24

.19

.56

.59

.31

.33

Tsur

.33

.30

.52

.55

.24

.23

Prec.

.21

.21

.54

.58

.20

.19

Z500

.35

.33

.68

.70

.30

.31

Tsur
.28
.29
.56
.57
.28
.30
Table 2: Mean ACC of low resolution and high resolution over the 3 parts of the globe for precipitation, 500
hPa height and surface temperature; statistically significant superiority is shaded.

5.4 Temperature scores in the northern midlatitudes
With 34 years and 90-member ensembles, we can look at the local performance in the northern
hemisphere, even though Table 2 indicates that we should not expect an overall improvement outside
the tropics. Figure 6 shows the time correlation at grid point level. There is some improvement in East
Europe in summer, but a degradation in West Europe and North America. In winter, the scores are
improved in Europe, and degraded over Canada and China. All these features would not resist to a
statistical test: a correlation based on a length of 34 has a wide uncertainty interval, in particular when
it is below 0.5. Figure 6 is indicative of the scores over a past period, but does not tell us where the skill
of our next forecasts will be.
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JJA

JJA

DJF

DJF

Figure 6: Time correlation for surface temperature seasonal means (detrended) for low resolution (left) and
high resolution (right): summer and winter; contours 0.2, 0.3, 0.4, 0.5, 0.6
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5.5 500 hPa height bias
Figure 7 shows the systematic error for 500 hPa height for winter and summer. There is a clear reduction
of the model bias. Both experiments use a stochastic perturbation which includes a systematic
component. The bias reduction is due to higher resolution only, which was not the case in Figure 4. A
comparison of the two figures shows that the future system will have much less bias than system 5.

JJA

JJA

DJF

DJF

Figure 7: Mean error for 500 hPa height seasonal means for low resolution (left) and high (right): summer
and winter; contours interval 20 m
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6. Conclusions
During the 4 years of the SPECS project different improvements have been brought to the Météo-France
model. They have been tested separately in 4 workpackages. The impacts on the scores were in each
case a mix of improvements and degradations. When all the modifications are combined, i.e. comparing
system 5 with system 4, we get:
1. better ENSO scores beyond month 4
2. a significant increase in NAO correlation for DJF
3. slightly better scores in the northern hemisphere and the tropics, degradation in the southern
hemisphere
4. a noticeable reduction in 500 hPa height bias in the northern hemisphere, whatever the season
The most computationally expensive improvement is the increase in horizontal resolution. Further
experiments with a new parametrization package show that item 1 is partly due to resolution increase,
item 2 is not explained by the resolution increase, item 3 is a consequence of a higher resolution in the
tropics, but not in the midlatitudes, item 4 can be explained by a higher resolution, but other factors may
contribute.
It is easy to tell which improvement had the strongest impact on the computer cost, it is less easy to tell
which one had the strongest impact on the predictive skill. It seems that increasing atmosphere
horizontal resolution alone has a very limited impact on correlations, although it has on the systematic
error. Increasing both ocean and atmosphere resolution (Déqué et al., 2014a) was not more convincing.
The combination of increases in horizontal and vertical resolution in the atmosphere seems more
promising here. A hypothesis is that one should combine horizontal/vertical and atmosphere/ocean
resolution increases to improve the model skill. The next forecast system should use, in addition to the
new physical parametrization examined in section 5, an increase in the vertical resolution of the ocean.
In further forecast systems, it is planned to increase ocean horizontal resolution as well. Another
hypothesis is that the 50km-150km range corresponds to a plateau in terms of seasonal skill, and that
finer resolutions (25 km ?) would lead to a progress. Further increases in computer capacity will allow
to explore these hypotheses.
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