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Motivated by the increasing needs for reliable seasonal climate forecasts for enhanced

living and protection of property, this study evaluates the predictive skill of the European

Center for Medium-range Weather Forecast’s Sub-seasonal to Seasonal (ECMWF-S2S)

precipitation forecasts during the peak of West Africa Monsoon in Nigeria. It investigates

the ability of the ECMWF-S2S model to reproduce the atmospheric dynamics that

influence the monsoon variability in West-Africa. Rain gauge values of 46 meteorological

stations and 10-member ensemble of ECMWF-S2S forecasts from the Ensemble

Prediction System (EPS) version of the ECMWF were subjected to quantitative statistical

analyses. Results show that the model has weak capability in predicting wind strength

at 700mb level to depict the African Easterly Jet (AEJ). However, irrespective of the

ENSO phases, ECMWF-S2S model is capable of adequately and reliably predicting

the latitudinal positions of the Inter-Tropical Discontinuity (ITD), mean sea level pressure

component of the thermal lows and sea surface temperature (SST) anomalies over

the Pacific and Atlantic Oceans. On inter-annual time-scales, results also show that

ECMWF-S2S model performs best over the Savannah in forecasting of rainfall anomalies

(synchronization = 75%) and over the Sahel in the prediction of rainfall accumulation.

The model may however not be able to forecast extreme precipitation reliably because

the disagreement between the model’s ensemble members increases as higher rainfall

accumulation values are attained. The implication here is that the reproducibility of

the atmospheric dynamic by the model is a better measure of rainfall prediction than

the actual quantitative rainfall forecasts especially in areas south of latitude 10◦N. The

study therefore suggests considering some climate driving mechanisms as predictability

sources for the ECMWF-S2S model to enable the atmospheric dynamics to be better

represented in the model.
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FIGURE 5 | Inter-annual variability of standardized anomalies of (A) MSLP and (B) 2m temperature anomaly averaged over Longitude 10◦W−15◦E and Latitude

18–25◦N area depicted as Heat-Low position by the ensemble members (red-lines), the ensemble mean (black-line) and observed Era-Interim (blue-line); (B,D). Taylor

diagrams showing the normalized standard deviations and the correlation coefficients of S2S ensemble simulations with observation for (A,C) respectively (ensemble

members—blue triangle; blue circle for negative correlations), ensemble mean—blue star and Era-Interim (observation)—black semi-circle. The normalized standard

deviations and correlations are with reference to Era-Interim over same area.

Does the ECMWF-S2S Model’s
Reproduction of the Atmospheric
Dynamics Translate to Reliable
Precipitation Forecasts?
Provisional response to the above question depends on the
climatological zone and the rainfall attribute that is under
scrutiny. The zones under scrutiny are the Gulf of Guinea (GoG:
latitude 5–8◦N), Savannah Areas (latitude 8–0◦N) and Sahel
Areas (latitude 10–14◦N). Rainfall attributes considered are the
inter-annual distribution of rainfall anomalies and cumulative
rainfall amounts.

Distribution of Rainfall Anomalies on Inter-Annual

Time-Scales in August
There are differences on how the ECMWF-S2S model ensemble
mean and ensemble members capture the inter-annual variability
of the standardized rainfall anomalies, on inter-annual time-
scales, over the GoG, the Savannah and the Sahel.

The model performs least over the GoG. On inter-annual
basis, there are few agreements, between the observation, the
ensemble mean and the ensemble members, in the signs of
the standardized rainfall anomalies over GoG. For instance,
apart from 2004, 2007, 2009, and 2010, the ensemble mean of
the model does not capture the transitions that were observed
between 1998 and 2008 (Figure 7A). Though, it captures the
observed persistence in 2009 and 2010; it however grossly has

lower variability (NSD < 1.0) when compared to the observed
standardized rainfall anomalies while all ensemble members have
higher variability (NSD > 1.0; Figure 7B) in comparison to the
observation. The direct relationship between the observation and
the ensemble mean is weak (r < 0.2; p = 0.8263, >> 0.05, hence
statistically not significant). In addition, three of the ensemble
members had negative correlations with the observation. In
this climatological zone, ensemble-member-1 performs best
(synchronization > 65%) while the worst ensemble members are
4 and 6 (synchronization < 35%: Figure 8). The ensemble mean
has slightly greater than 50% synchronization with observation
(sign-test p = 0.44, < 0.5; statistically significant). This implies
that the model will reliably make one correct forecast out of two
forecasts over GoG.

The most impressive performance of the ECMWF-S2S model
is over the Savannah. In comparison to what obtains over
GoG, there are more agreements between the observation, the
ensemble mean and the ensemble members in the signs of
the standardized rainfall anomalies in this zone. The ensemble
mean of the model captures the transitions that were observed
between 2000 and 2002 (Figure 7C). It also captures the observed
persistence in 2003–2005 and 2009–2010. Though, the ensemble
means slightly under-estimates the variability (NSD < 1.0) of the
observed standardized rainfall anomalies; the linear relationship
between the observation and the ensemble mean is however
moderate (r > 0.5; Figure 7D). Here, p = 0.0377, << 0.05;
implying that the correlations between the ensemble mean and
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FIGURE 6 | Inter-annual variability of AEJ over West Africa as depicted by zonal wind speed (ms−1) from (a) the Era-Interim and (b) the ECMWF-S2S model. Shaded

in (b) is the Ensemble Mean while the red contours are the Ensemble Members. (c) Spatial distribution of climatology of the AEJ over West Africa from era-interim

(shaded) and the ensemble mean (contour) of the ECMWF-S2S forecast.

observation is statistically significant. All ensemble members
over-estimate the observed variability (NSD > 1.0), while only
one of the ensemble members had negative correlations with the
observation. Ensemble members 1, 6, and 10 perform brilliantly
(synchronization > 65%) while the worst ensemble member
is ensemble-member-7 (synchronization < 50%: Figure 8).
The ensemble mean has almost 75% synchronization with
observation. This synchronization is statistically significant as the
sign-test returns a p= 0.1967, < 0.5. This implies that the model
will reliablymake three correct forecasts out of four forecasts over
Savannah.

The model performs moderately over the Sahel. There are
fewer agreements between the observation, the ensemble mean
and the ensemble members in the signs of the standardized
rainfall anomalies when compared to the situations over the
Savannah. Though, the ensemble mean captures some transition
and persistence (Figure 7E), it however over-estimates the
observed variability (NSD > 1.0; Figure 7F). Also, all ensemble
members over-estimate the observed variability (NSD > 1.0).
Two of the ensemble members had negative correlations with the
observation while the direct relationship between the observation

and the ensemble mean is also weak (r < 0.3; p = 1.0712,
>> 0.05, hence statistically not significant). Ensemble-member-
10 performs best in this zone (synchronization > 85%)
while the worst ensemble member is ensemble-member-7
(synchronization < 35%: Figure 8). The ensemble mean has
about 60% synchronization, which is not statistically significant,
with observation (sign-test p > 0.5). This implies that the model
will by chance make three correct forecasts out of five forecasts
over the Sahel.

Over Nigeria, associations between the observed rainfall
anomalies, the predicted rainfall anomalies and theoretical
expectations during ENSO events are inconsistent. According
to http://www.cpc.ncep.noaa.gov, Latif and Grotzner (2000),
Camberlin et al. (2001), Conway (2009), Zebiak et al. (2014),
and Lawal (2015), theoretical expectations are that drier than
normal conditions are usually observed over West Africa, vis-
à-vis Nigeria, during El Nino events, and vice versa during
La Nina events. However, corresponding inter-annual rainfall
(Figures 7A,C,E) and the SST anomalies over the central Pacific
Ocean (Figure 2A) show that most of the anomaly signs of the
observed rainfall anomalies do not match both the predicted
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FIGURE 7 | Inter-annual variability of standardized rainfall anomalies over climatological zones of Nigeria (A) GoG, (C) Savannah, and (E) the Sahel [EM—the

Ensemble Mean and Obs—the Observation]; (B,D,F) Taylor diagrams showing the normalized standard deviations and the correlation coefficients of S2S ensemble

simulations with observation for panels a and c respectively (ensemble members—blue triangle; blue circle for negative correlations), ensemble mean—blue star and

Era-Interim (observation)—black semi-circle. The normalized standard deviations and correlations are with reference to Era-Interim over same area.

and the theoretically expected rainfall anomalies (Table 3). For
instance, in 2004 (a weak El Nino year), while the observed
anomalies do not match the theoretical expectation over GoG
and Sahel; the predicted anomalies do not match theoretical
expectation over GoG and Savannah (Table 3). In 2009 (a
moderate El Nino year), prediction does not capture theoretical
reasoning throughout the country; except over Sahel where
observation match the theoretical reasoning. While the entire
country experienced normal rainfall in 2010 and 2011 which
are La Nina years, instead of surplus rainfall (Table 3), the
model only capture the theoretical reasoning over GoG in 2010.
Though, all ENSO events (e.g., Nino 3.4 and Nino1+2), are
captured by the ECMWF-S2S model (Figure 2); but not all

the corresponding rainfall anomalies (observed or theoretical)
are captured by the model. The observed inconsistencies show
that ENSO alone may not be the only climate index (i.e.,
atmospheric tele-connection) that modulates rainfall anomalies
over West Africa, vis-à-vis Nigeria. Other climate indices
may have also played crucial roles in the structures of the
observed rainfall (Lyon and Mason, 2007; Ujeneza et al.,
2015).

Evaluation of Quantitative Precipitation Forecasts
The ECMWF-S2S model may not be able to forecast extreme
precipitation reliably. Figures 9A–F shows that the model’s
ability to reliably capture weekly accumulation of rainfall reduces
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FIGURE 8 | Synchronization (%) of the simulated inter-annual rainfall

anomalies between the Ensemble members and the Ensemble mean with

reference to observation over the climatological zones of Nigeria (GoG,

Savannah and Sahel).

TABLE 3 | ENSO events and the observed rainfall anomalies as extracted from

the 1st and 2nd top rows of Figures 2A, 7A,C,E.

Year ENSO event Rainfall anomalies

GoG Savannah Sahel

TE O F TE O F TE O F

2004 Weak El-Nino − N N − − N − N −

2009 Moderate El-Nino − N + − + + − − N

2010 Moderate La-Nina + N + + N N + N N

2011 Weak La-Nina + N N + N N + N N

2012 Neutral N N N N − N N − +

Acronyms TE, O and F represent Theoretical Expectation, Observation and ECMWF-S2S

model forecasts respectively while −, +, and N signs stand for below normal rainfall,

above normal rainfall and normal rainfall respectively.

as higher rainfall accumulation values are attained. All the
climatological zones (i.e., Guinea, Savannah and Sahel) exhibited
this behavior. As earlier stated, the model’s weekly cumulative
rainfall is correct if it falls within +/−30% of the observation
amount. Climatologically and for the ENSO phases considered,
the model predicts rainfall accumulation best over the Sahel;
and least over the Guinea areas (Figure 9). At 50% hit rate for
example, the model may reliably capture weekly accumulation
of rainfall of about 40, 60, and 80mm over Guinea, Savannah
and Sahel respectively. This implies that the ability of the
model to reliably forecast quantitative precipitation increases
toward the Sahel. In addition, the disagreement between
the model’s ensemble members increases as higher rainfall
accumulation values are attained; i.e., the ensembles converge at
lower rainfall accumulation values while they diverge at higher
values. The general implication here is that the reproducibility
of the atmospheric dynamics by ECMWF-S2S model is a
better measure of rainfall than the actual quantitative rainfall
forecasts.

CONCLUSION

This paper investigates three things that are yet to be known
regarding the predictive skills of the ECMWF-S2S model over
Nigeria. These three unknown things are: (1) the ability of the
ECMWF-S2S model to reproduce monsoon related atmospheric
dynamics that are predominant during different phases of ENSO;
(2) the skill of the ECMWF-S2S model at forecasting rainfall
anomalies distribution on an inter-annual time-scales during the
peak of the monsoon; and, (3) the ability of the ECMWF-S2S
model to forecast extreme events during the monsoon periods.
The paper then goes ahead to investigate whether the ability of
the model to forecast atmospheric dynamics translate to reliable
precipitation forecasts over Nigeria?

Results show that ECMWF-S2S model has the capability to
adequately and reliably forecast atmospheric dynamics that are
predominant during the peak of the monsoon. For instance, on
inter-annual basis, the model adequately captured the observed
variability of standardized SST anomalies over the central and
eastern Pacific Ocean; with very great synchronization (almost
100%). This inferred that all ENSO events were captured by the
model. In spite of the fact that SST conditions over GoG directly
modulates rainfall patterns over Nigeria, the model captured the
observed inter-annual variability of standardized SST anomalies
over the GoG but with lesser synchronization (between 80 and
90%) when compared to that of Pacific Ocean. ECMWF-S2S
model is also able to reproduce the latitudinal positions of the
ITD during the peak of the monsoon over Nigeria, but with slight
latitudinal deviations. Worthy of note is that there is no general
pattern of ITD deviations from observation for the ENSO years
considered in the study. While the model adequately captured
the MSLP with little or no deviations from the observation,
it is unable to reproduce the maximum 2m temperature that
coincides with the lowest MSLP. Irrespective of the ENSO phase
and apart from wind directions that were adequately captured,
the ECMWF-S2S model slightly under-estimates the zonal wind
strength, which depicts the core of the AEJ, by about 2–5 ms−1. It
placed core of the AEJ about 2–3◦ northward of the observation.

The model’s ability to predict atmospheric dynamics does
not automatically translate to reliable precipitation forecasts. On
inter-annual time-scales, ECMWF-S2S model performs best over
the Savannah. Here, the best and the worst ensemble members
have greater than 65% and less than 50% synchronization
with observation respectively. However, the ensemble mean
has almost 75% synchronization with observation, implying
that the model will thrice make correct forecast out of
four forecasts. On the contrary, the model’s performance
is worst over Guinea where the direct relationship between
the observation and the ensemble mean is weak (r < 0.2).
In addition, three of the ensemble members had negative
correlations with the observation. Furthermore, the ensemble
mean has slightly greater than 50% synchronization with
observation. This implies that the model will once make correct
forecast out of two forecasts. Interestingly, ECMWF-S2S model
did not adequately capture the observed rainfall anomalies
over Nigeria during ENSO events. Associations between the
observed rainfall anomalies, the predicted rainfall anomalies and
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FIGURE 9 | Percentage of hit of weekly cumulative rainfall amount (mm) by the ECMWF-S2S model over Nigeria; Sahel (red line and shade), Savannah (green line and

shade) and Guinea (blue line and shade) in August (A) 2004, (B) 2009, (C) 2010, (D) 2011, (E) 2012, and (F) climatology.

theoretical expectations during ENSO events are inconsistent.
Corresponding inter-annual rainfall and the SST anomalies over
the central Pacific Ocean reveal that most of the anomaly signs of
the observed rainfall anomalies do not match both the predicted
and the theoretically expected rainfall anomalies.

Quantitatively, the model predicts rainfall accumulation
best over the Sahel; and least over the Guinea areas. It
may however not be able to forecast extreme precipitation
reliably. This is because the disagreement between the model’s
ensemble members increases as higher rainfall accumulation
values are attained. That is, the ensembles converge at lower
rainfall accumulation values while they diverge at higher values.
This part of the results may be reflecting the complexity of
the quantitative precipitation forecast (QPF). Even with ever
improving computer resources, as noted by QPF is still known
to be the most difficult aspect of operational meteorology.
The general implication here is that the reproducibility of
the atmospheric dynamics by ECMWF-S2S model is a better
measure of rainfall prediction than the actual quantitative rainfall
forecasts.

We have shown that the ECMWF-S2S model could be a
good tool for precipitation forecasts in Nigeria, especially in
areas from latitude 10◦ north-ward. However, the ability of
the model to forecast rainfall anomaly, a crucial element of
S2S forecast, appears very weak during ENSO events. There
might be several reasons for this weak skill in predicting rainfall
anomaly during ENSO events. For instance, the model failed
to reproduce equivalently strong winds at 700 hPa level to
depict AEJ and also under-estimates SST over GoG. As the
rain-bearing disturbances are generally linked to well-organized
mesoscale features in August, AEJ may be the most important
driving mechanism; it may even be more important than the
ITD (Grist and Nicholson, 2001). It will therefore mean that the
reproducibility of the atmospheric dynamic by the model is a
better measure of rainfall prediction than the actual quantitative
rainfall forecasts especially in areas south of latitude 10◦N. We
therefore suggest considering some climate driving mechanisms
as predictability sources for the ECMWF-S2S model to enable
the atmospheric dynamics to be better represented in the
model.
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