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Abstract

The recent West African Monsoon (WAM) wet season (May to October)
rainfall’s interannual variability has been examined with emphasis on the
rainfall zones of Guinea Coast (GC), Western Sudano Sahel (WSS) and East-
ern Sudano Sahel (ESS) in wet and dry years. Rainfall observations from Cli-
mate Research Unit (CRU) and Climate Prediction Center (CPC) Merged
Analysis of Precipitation (CMAP), and atmospheric circulation fields from
National Center for Environmental Prediction (NCEP) were evaluated from
1979 to 2014. The objectives are to evaluate the trends across the zones and
their linear relationship with the identified oceanic pulsations, as well as ex-
amine the evolution of the anomalous atmospheric circulation associated with
the wet and dry years during the wet season months. The results show re-
markable variability across the rainfall zones. The areal averaged rainfall
anomalies show significant correlation values of —0.2 with Ocean Nino Index
(ONI) only on WSS and ESS respectively, whereas with South Atlantic Ocean
Dipole Index (SAODI) it shows significant correlation value of 0.3 only on
GG, at 95% Confidence Level from a t-test. The analysis of trends in spatial
and temporal patterns of the atmospheric circulation fields has extensively
presented attributes associated with the wet seasonal rainfall anomalies in the
wet and dry years. FGOALS-s2 model showed an outstanding simulation of
the spatial and temporal patterns of these attributes, with the discrepancies
noted, hence presenting itself as a viable tool in the prediction of seasonal
rainfall extremes over West Africa.
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1. Introduction

The global climate is changing and the population of West Africa (WA), with
about 65% of it dwelling in rural areas, mostly depends on rain-fed agriculture
for their livelihood [1] [2] [3]. Rainfall producing systems over this region pri-
marily occur during the West African Monsoon (WAM), which accounts for
more than 75% of the region’s annual rainfall [4] [5]. The WAM is associated
with tropical seasonal reversals in both atmospheric circulation and the asso-
ciated rainfall. These circulations are typically characterized by the low-level
southwesterly monsoon flow, the African Easterly Jet (AE]) in the middle tro-
posphere between 600 - 650 hPa that is closely linked with the African Easterly
Waves (AEW) and the Mesoscale Convective Systems (MCS), and the Tropical
Easterly Jet (TEJ) occurring at the upper levels around 150 hPa [6]-[14]. The
Saharan Heat Low (SHL) is another important feature of the WAM, located by
the relative maximum thickness between the geopotential heights at 700 hPa and
925 hPa [15]-[20]. Also, the roles of the African Westerly Jet (AW]) over the
continent and the West African Westerly Jet (WAWT]) over the Atlantic have
been established recently [21]. These seasonal reversals are influenced by the In-
ter-Tropical Convergence Zone (ITCZ) or the Inter-Tropical Discontinuity
(ITD), as it shifts northwards with the wet tropical maritime air mass (causing
the rainy season) from a quasi-stationary location at 5°N to another qua-
si-stationary location at 10°N and then recedes southward with the dry tropical
continental air mass (causing the dry seasons) [22] [23]. Nonetheless, interest of
most scientists has been drawn to the variability of the associated WAM rainfall
since the severe drought over the region between the 1970’s and 80’s [24]-[29]
with emphasis being on its inhomogeneity, noting its high temporal and spatial
variability [30].

Some of the identified driving mechanisms of the interannual variability in
the WAM rainfall such as the El Nino-Southern Oscillation (ENSO) have had
varying opinions on its role. A number of studies suggest that its influence is
minimal whereas some opine that its positive (El Nino) and negative (La Nina)
phases have varying influence on rainfall over the region [29] [31]-[38]. Also, the
role of the Atlantic Nino over the rainfall variability over the region has long
been identified with the emphasis on its role in the Guinea Coast rainfall [39]
[40] [41] [42]. But some other studies [43] [44] [45] suggest that the South At-
lantic Ocean (SAO) dipole (SAOD), which has a life cycle of about eight months
and is strongly correlated with that Atlantic Nino, is the dominant factor that
controls the interannual variations of rainfall over the Guinea Coast. In further-
ance to understanding the variability of the WAM rainfall, many studies have
investigated precipitation departures on different temporal and spatial scales
over the region using precipitation indexes [46]-[55]. Different studies have also
investigated the relationship between the underlying atmospheric circulation as
well as mechanisms associated with their identified wet and dry years [12] [13]

[21] [56]-[61]. However, from recent studies on the interannual and interdecad-
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al variability, there has been the question of “recovery” of the Sahel rainfall,
which is greatly influenced by the data, duration, area studied and methodolo-
gies used [21] [62] [63]. Nevertheless, there are still posers in understanding the
variability of the WAM rainfall and an investigation into the variability, there-
fore, is inexhaustible.

This work presents trends in recent (1979-2014) WAM wet season (May-October)
rainfall variability and its linear relationship with oceanic pulsations, with em-
phasis on the three rainfall zones of Guinea Coast (GC), Western Sudano Sahel
(WSS) and Eastern Sudano Sahel (ESS). Also examined, is the evolution of the
anomalous atmospheric circulation associated with the simultaneous extreme
wet and dry years in the wet season months. The ability of the second spectral
version of the Flexible Global Ocean-Atmosphere-Land System (FGOALS-s2)
GCM outputs, which is developed by the author's host institute, in representing
the spatial and temporal features has been examined. The paper consolidates
earlier works as well as proposes a frontier on divergence during the WAM. It
puts FGOALS-s2 in view as a viable tool in supporting research in data sparse
WA region on WAM research. It is noteworthy that the roles of the oceanic pul-
sation in the seasonal variability are not part of the study scope. This paper is
sectioned as follows: Section 2 is the data; Section 3 is the methodology; Section
4 is the results and discussion and Section 5 is the conclusion.

2. Data

The observational monthly rainfall datasets used were from the Climatic Re-
search Unit (CRU), University of East Anglia UK Time Series (TS) version 3.23
and the Climate Prediction Center (CPC) Merged Analysis of Precipitation
(CMAP). CRU is constructed by interpolation of month-by-month variations in
climate variables on a high-resolution of 0.5° by 0.5° global grids. [64] further
show the procedures in the data preparation and their presentation. The data is
provided by the National Centre for Atmospheric Science (NCAS) British At-
mospheric Data Centre online at
http://badc.nerc.ac.uk/view/badc.nerc.ac.uk_ ATOM__dataent 1256223773328
276. CMAP interpolation includes rain gauge and model data as well as values
obtained from 5 kinds of satellite estimates (GPI, MSU, OPI, SSM/I emission
and SSM/I scattering) prepared on a resolution of 2.5° by 2.5° global grid. The

procedure is further discussed in [65]. The data is provided by National Oceanic
and Atmospheric Administration (NOAA) online at
http://www.esrl.noaa.gov/psd/data/gridded/data.cmap.html. Both datasets have

shown a good measure of agreement over the region [66].

The atmospheric circulation fields are from the National Center for Environ-
mental Prediction (NCEP) reanalysis [67] [68]. The products are available at a
resolution of 2.5° by 2.5° global grid and 28 vertical levels. The reanalysis system
consists of background forecast model and data assimilation routine [69]. Its
accuracy in describing both interannual and synoptic timescale variability over
West Africa has been verified [70] [71] [72] [73]. The variables used in this study
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include the monthly specific humidity from the Reanalysis 1 whereas the
monthly meridional and zonal wind components, surface pressure and mean sea
level pressure (mslp) are from the Reanalysis 2. The justification for using both
the Reanalysis 1 and 2 is that both datasets have the same data assimilation
scheme as well as same spatial and temporal resolutions. The data is provided by
National Oceanic and Atmospheric Administration (NOAA) and it is available
online at http://www.esrl.noaa.gov/psd/data/gridded/.

The Flexible Global Ocean-Atmosphere-Land System model-second spectral
version (FGOALS-s2) was developed at the State Key Laboratory of Numerical
Modeling for Atmospheric Sciences and Geophysical Fluid Dynamics, Institute
of Atmospheric Physics (LASG-IAP), Chinese Academy of Sciences, Beijing,
China. The model includes four individual components: an atmosphere compo-
nent, the Spectral Atmosphere Model of the LASG IAP version 2 (SAMIL2-ho-
rizontal resolution of 2.81° longitude by 1.66" latitude and 26 hybrid vertical
layers); an ocean component, the LASG IAP Climate Ocean Model version 2
(LICOM2-horizontal resolution of 1° by 1° with the increased resolution to 0.5°
by 0.5° in tropical regions and vertical resolution adjusted to 10 m layer thick-
ness in the upper 150 m); a land component, the Community Land Model ver-
sion 3 (CLM3-horizontal resolution of 2.81° longitude by 1.66° latitude); and a
sea ice component, the Community Sea Ice Model version 5 (CSIM5-horizontal
resolution of 1° by 1°). These four components are driven by a flux coupler
module from National Center for Atmospheric Research (NCAR). The FGOALS-s2
is one of the outstanding five Chinese Climate/Earth System Models involved in
the Coupled Model Intercomparison Project’s 5th phase (CMIP5), which con-
ducts coordinated experiments that provide scientific information to climate re-
search communities [74]. The FGOALS-s2 model has been further discussed in
[75] and its results were submitted to CMIP5 through a network of servers called
Earth System Grid Federation (ESGF) data nodes, available online at
https://esgf-index1.ceda.ac.uk/projects/esgf-ceda/. The description of CMIP5

experiment designs are presented in [76]. The monthly output of the Atmos-
phere Model Intercomparison Project (AMIP) ensemble experiment, which runs
from 1979 to 2008, was used in this study.

Ocean Nino Index (ONI), which measures the departure from normal sea
surface temperature (SST) in the east-central Pacific Ocean, is a three month
running mean of NOAA Extended Reconstructed Sea Surface Temperature
(ERSST) version 4 SST anomalies in the Nino 3.4 region (5°N - 5°S, 120°W -
170°W). The departure is computed when the base threshold of +/-0.5°C is met
for a minimum of 5 consecutive over-lapping seasons, based on a centered 30-year
base periods and updated every 5 years. The index is further discussed in [77]
and is available online at
http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ ONI_ch
ange.shtml.

SAOD is characterized by SST variability of opposing polarity off the coasts of
West/Central Equatorial Africa (Gulf of Guinea) called the northeast pole (NEP)
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in the Atlantic Nino region (10°E - 20°W, 0° - 15°S) coupled with concurrent
cooling of similar magnitude off the Argentina-Uruguay-Brazil coasts called the
southwest pole (SWP; 10°W - 40°W, 25°S - 40°S) parts of the south Atlantic
ocean. These SST patterns are coupled to the atmospheric circulation field and
regional climates. SAOD Index (SAODI) is computed by differencing the do-
main-averaged normalized sea surface temperature anomaly (SSTA) of the two
centers of intense warming and cooling associated with the SAOD and is

represented by the equation;

SAODI =[SSTA], . ~[SSTA],» (1)

NEP

where the square brackets indicate domain averages. A positive phase signifies
warm SST in the coast of West/Central Equatorial Africa and cool SST in the
Argentina-Uruguay-Brazil coast whereas the opposite SSTA pattern describes a
negative phase. The SAOD is strongly correlated but different from the equa-
torial zonal mode called the Atlantic Nino. It is independent of the direct influ-
ence of El Nino or global SST variability. The index is further discussed in [43]
[44] and is accessible online at http://ljp.lasg.ac.cn/dct/page/65592.

Figure 1 shows WA depicting its three rainfall zones of GC (0° - 10°N, 25°W
- 15°E), WSS (10°N - 20°N, 25°W - 5°W) and ESS (10°N - 20°N, 5°W - 15°E)
[45] [48] [55] [78] [79] [80] [81]. From the seasonal migration of the ICTZ or
ITD, the rainy (wet) season over WA starts from May with cessation in October
[19] [21] [73] [82]-[87].

3. Methodology

The rainfall variability index, which represents the standardized precipitation
departure of rainfall time series at different climate regimes, has been used. This

method has extensively been adopted at different locations and times scales over
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Figure 1. West Africa showing the Guinea Coast (GC), Western Sudano Sahel (WSS) and
Eastern Sudano Sahel (ESS).
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WA [57] [81] [88] [89] especially on the Sahel [52] [54] [55] and on the GC [90].

The equation is
2

where O, is the variability index for year &, R, is the total wet season rainfall
inyear 5, ¢ and o are the long-term means and standard deviations respec-
tively of the wet season rainfall from 1979 to 2014. The index quantifies the wet-
ness or dryness of a given rainy season, with reference to the climatology. For
this study, we adopted the conditions of [54] for years with &>0.5(<-0.5)
being significantly wet (dry). We select the extreme wet (dry) years if the condi-
tion occurred simultaneously over GC, WSS and ESS for a particular year.

Also, the vertically integrated moisture flux convergence (MFC, g-kg's™)
over the region has been examined in order to evaluate the concentration of
moisture in the lower troposphere and the importance of its flux on the precipi-
tation over the local area [91] [92] [93] [94]. From the surface (s) to the 300 hPa
level (2y,) in the wet (dry) years, The MFC is determined from the equation

Psoo
Py

MFC = —vhlj [qV]dP (3)
9

where V, is the horizontal gradient operator, gis the acceleration due to grav-

ity (m s7%), P is the surface pressure (hPa), g is the specific humidity (g-kg™') and

V is the horizontal wind vector (m-s™). The square bracket denotes the hori-

zontal moisture flux transport (g-kg'-m-s™') at a particular pressure level and

consists of both the mean motion and the transient eddy components.

4. Results and Discussion

4.1. Interannual Rainfall Variability

Owing to inconsistency in seasonal rainfall variability, Figure 2 shows the CRU
variability index of the areal average wet season (May-October) rainfall over the
rainfall zones of GC, ESS and WSS adopted over WA by its rainfall regimes [45]
[48] [55] [78] [79] [80] [81] from 1979 to 2014. It is noteworthy that CRU has no
data over the ocean hence the preference, as its wet season rainfall variability in-
dex does not cover the oceans. Wet season rainfall variability over the ocean is
not within the scope of this study as it has no immediate relevance to agriculture
over WA. From a Mann-Kendall test of the time series for trend, the WSS shows
a stronger trend (a = 0.001 level of significance), the ESS show a trend with a =
0.05 level of significance whereas the GC show a non-significant trend. However,
the Sen’s slope values indicate increment at the three zones with rates of 0.010
year™', 0.054 year' and 0.044 year™' over the GC, WSS and ESS respectively.
Nevertheless, the rate of these increases is observed less over the GC whereas the
WSS shows faster recovering from the earlier droughts than the ESS. The coeffi-
cients of variation (CV) of the wet season monthly rainfall over GC, WSS and
ESS are 15.9%, 58.5% and 65.2% respectively.
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Figure 2. CRU areal average of wet season rainfall variability index on Guinea Coast
(GC), Western Sudano Sahel (WSS) and Eastern Sudano Sahel (ESS) zones from 1979 to
2014.

In Figure 3 is shown the seasonal time series of the ONI and SAODI for the
period. The recent linear relationship between these oceanic pulsations with the
wet season areal averaged rainfall anomaly over the zones is shown by the corre-
lation values in Table 1. Although with low values, the ONI shows significant
negative correlation at 95% confidence level (CL) from two-tailed t-test over the
Sahel zones (r = —0.2) whereas its signature is not significant on GC. These low
values indicate that this could not be a major driver of the wet season rainfall va-
riability in the Sahel. On the other hand, SAODI shows positive correlation (sig-
nificant at 95% CL from t-test) value with the wet season rainfall anomaly over
GC (r=0.2), which corroborates with the findings of [43] and [45]. The SAODI
signature shows no significant correlation over the Sahel zones. This value over
GC is yet low to be the major driver of the wet season rainfall variability over the

zone.

4.2. Atmospheric Circulation Associated with Wet and Dry Years

From the Equation (3) and using the conditions prescribed in Section 3b for ex-
treme wet (dry) years, five wet (dry) years were identified respectively as shown
in Table 2. From the indexes, it is obvious that 1999 was the first extreme wet
year experienced over the entire WA region since recovering from its earlier
droughts [95]. The CRU composite seasonal rainfall anomaly (shaded) of the
recent extremely wet (dry) years is shown in Figure 4(a) and Figure 4(b). Also
shown in the figures are the composite MFC (contour), which is imperative in
predicting rainfall associated with synoptic-scale systems [96] [97], and the asso-
ciated vertically integrated moisture flux transport (vector) over the region. The
moisture flux over the region is transported mostly from the Gulf of Guinea area
with fewer contributions from the northern tropical Atlantic and the Mediterra-
nean Sea [20] [73]. The MFC is stronger (weaker) in the wet (dry) years. A
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Figure 3. The seasonal time series of the Ocean Nino Index (ONI) and the South Atlantic
Ocean Dipole Index (SAODI).

Table 1. Temporal correlation (r) values of the seasonal time series ONI and the SAODI
with the wet season rainfall anomaly over Guinea Coast (GC), Western Sudano Sahel
(WSS) and Eastern Sudano Sahel (ESS).

Zone ONI SAODI
GC -0.1* 0.2
WSS -0.2* 0.1*
ESS -0.2* 0.0*

*Significant at 95% confidence level from two tailed t-test. *Not significant at 95% confidence level from
two tailed t-test.

Table 2. The identified wet and dry years occurring simultaneously in the Guinea Coast
(GC), Western Sudano Sahel (WSS) and Eastern Sudano Sahel (ESS) zones from the
rainfall variability index.

Wet years (6= 0.5) 1999, 2003, 2008, 2010, 2012.

Dry years (§< —0.5) 1982, 1983, 1986, 1990, 1993.

divergence (negative MFC) spot is observed over the Mount Cameroon (4°N,
10°E) area in May, which extends northwards and expands along the wet season
months until it subsides in October. The magnitude of this spot is stronger
(weaker) in the wet (dry) years and acts as a ridge separating the MFC further
northwards. A further study into the dynamics of this atmospheric boundary
layer is a frontier in the seasonal prediction of wet or dry years.

Also, the composite vertical zonal wind profile associated with the wet (dry)
years, averaged along longitudes 25°W to 15°E, is shown in Figure 5(a) and
Figure 5(b). The magnitude of the monsoon westerly (850 - 1000 hPa) is
stronger (weaker) in the wet (dry) years. The AE] (600 - 650 hPa) has less (more)
magnitude in the wet (dry) years and is positioned more (less) northwards sus-

taining more (less) MCS over the region, which corroborates previous studies
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Figure 4. (a) The CRU composite wet season rainfall anomaly (shaded, mm) in the dry and wet years as well as the associated
vertically integrated moisture flux transport (vector, g-kg-m-s™") and MFC (contours, g-kg™"s") in May, June and July. Solid
(broken) contour lines depict convergence (divergence); (b) Same as (a), but for the months of August, September and October.
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Figure 5. (a) The composite vertical zonal wind (m-s™) profile in dry and wet years from the surface to 100 hPa level and averaged
along longitudes 25°W to 15°E in May, June and July. Solid (broken) lines are westerly (easterly) winds; (b) Same as (a) but for the
months of August, September and October.
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[12] [13] [14] [61] [73] [98] [99]. The westerly Saharan Air Layer (SAL, 500 -
600 hPa) is weaker (stronger) in the wet (dry) year. The SAL causes entrapment
of the AEJ and MFC hence affecting the moisture budget of the region [16] [20]
[100]. The TEJ (150 - 200 hPa), which occurs southwards of the AE], has longer
(shorter) duration in the wet (dry) years. It starts in June and ends in October in
the wet years whereas it starts in July and ends in September in the dry years
[101]. Figure 6(a) and Figure 6(b) show the composite mslp anomaly asso-
ciated with the wet (dry) years. The wet years have predominantly negative mslp
anomalies, which supports cyclonic activities whereas the dry years have positive
mslp anomalies, which supports atmospheric cooling hence the dryness [102].
The differences between the fields in wet and dry years are shown in Figures
7-9. Figure 7 reveals that the excess MFC over the Gulf of Guinea from May
grows through to July following the trajectory of the excess moisture flux trans-
port until its center of convergence breaks in August, with a more massive con-
vergence at the eastern Atlantic towards the coast of Senegal. The magnitude of
the MFC reduces from September to October. The excess rainfall anomaly also
reflects this migration. In Figure 8, the difference reveals the WAW], which oc-
curs in wet years with its core at 700 hPa, starting prominently in June between
latitudes 2°N - 4°N and ending in October with its peak in August at 8"N [103].
The jet forms over the eastern Atlantic towards the WA coast (not shown) and
supports the transport of the earlier stated massive convergence over the Sahel
hence sustaining the excess rainfall activity in wet years with its peak in August.
Figure 9 reveals that the predominant negative mslp anomaly over WA in wet
years decreases further from May, reaching its peak decrease in August, and then

reverting in September to October.

4.3. FGOALS-s2 Representation of the Associated
Atmospheric Circulation

The FGOALS-s2 model AMIP experiment outputs ability in representing the
atmospheric circulation associated with the wet and dry years have been ex-
amined. Figure 10(a) and Figure 10(b) shows FGOALS-s2 simulation of wet
season rainfall anomaly (contour, mm-day ') and the difference with the CMAP
anomaly (shaded, mm-day™') in wet and dry years. The model has negative ano-
malies over land in May to July but showed positive anomalies from August to
October in wet years. In dry years, the model showed negative anomalies in May,
July and September respectively whereas it showed positive anomalies in June,
August and October respectively. The difference between the model simulation
and CMAP reveals the model’s underestimation in May to August in wet years,
and in September of dry years. Similarly, it overestimates in September and Oc-
tober of wet years as well as June, August and October in the dry year respec-
tively. The RMSE and spatial correlation values further reveal the performance
of the model. This result implies a weak simulation of wet season rainfall ano-

maly over WA.
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Figure 9. Difference between the composite mslp anomaly (hPa) in wet and dry years.

In Figure 11(a) and Figure 11(b), the models composite MFC (contours) is
also simulated to be stronger (weaker) in wet (dry) years as well as the latitudinal
migration within the wet season months. The divergence (negative MFC) spot
over the Mount Cameroon (4°N, 10°E) area is also captured in the model. The
MEC difference between FGOALS-s2 and NCEP (shaded) reveals that the model
simulation is overestimated over east of the northern tropical Atlantic whereas it
is underestimated over the Gulf of Guinea region. This is consistent in both the
wet and dry years. The RMSE and spatial correlation (significant at 95% CL
from t-test) values between FGOALS-s2 and NCEP through the wet season
months (shown above each panel) illustrates the model better simulations in the
dry years. The implication is that the model fairly reproduces the MFC attributes
in extreme events over WA.

In order to evaluate FGOALS-s2 representation of the synoptic components of
WAM, the areal average of the composite zonal wind has been separated into the
monsoon westerly (925 hPa), the AEJ (600 hPa) and the TE]J (150 hPa) as shown
in Figure 12. At 925 hPa, FGOALS-s2 exaggerated the magnitude of monsoon
westerly in both the wet and dry years through the wet season months. However,
both the model and reanalysis agrees in the pattern of the monsoon westerly
with a temporal correlation of 0.93 and 0.95 (both significant at 95% CL from
t-test) and RMSE of 3.019 m/s and 3.061 m/s in wet and dry years respectively.
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Figure 10. (a) FGOALS-s2 representation of the composite wet season rainfall anomaly (contour, mm-day™") in dry and wet years
for May, June and July. The shades (mm-day™) represent the difference between FGOALS-s2 and CMAP. The RMSE and spatial
correlation are shown above each panel; (b) Same as (a) but for the months of August, September and October.
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July. The solid (broken) contour lines depict convergence (divergence). The shades represent the difference between FGOALS-s2
and NCEP. The RMSE and spatial correlation, significant at 95% confidence level from t-test, are shown above each panel; (b)
Same as (a) but for the months of August, September and October.
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Figure 12. FGOALS-s2 and NCEP zonal wind areal average (0° - 20°N, 25°W - 15°E) at
levels 925 hPa, 600 hPa and 150 hPa representing the monsoon westerly, AEJ and TEJ
respectively during the wet season. The RMSE and temporal correlation are shown above

each panel.

At 600 hPa, the model showed strong agreement with the reanalysis with a tem-
poral correlation of 0.82 (significant at 95% CL from t-test) and RMSE of 0.709
m/s in the dry years.

Whereas in the wet years, the model showed a non-significant correlation of
0.69 with the reanalysis with RMSE of 2.614 m/s and this is evident as FGOALS-s2
failed to capture the AE]J in July and August but it did for the other wet season
months (not shown). At 150 hPa, the model also exaggerated the magnitude of
TEJ in both the wet and dry years but agrees with the reanalysis in the patterns
with a temporal correlation of 0.92 and 0.95 (both significant at 95% CL from
t-test) and RMSE of 11.887 m/s and 8.767 m/s in wet and dry years respectively.
The model difference between wet and dry years show the WAWT] but it starts in
July, with its core at 600 hPa and peaking in September, whereas it ends in Oc-
tober (not shown). The result suggests that the model may not be a good tool in
studying AE] but is appropriate for TE] and the westerlies. Figure 13(a) and
Figure 13(b) shows that the model simulates dominant negative (positive)
composite mslp anomaly (contours) in the wet (dry) years. The difference be-
tween the model and the reanalysis (shaded) shows discrepancies in the model’s
simulation of the mslp anomaly magnitude. The RMSE and spatial correlation
(significant at 95% CL from t-test) values between FGOALS-s2 and NCEP
through the wet season months are shown above each panel. This implies that

the model is a fair representation of the reanalysis.
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5. Conclusions

From the foregoing, this study has shown that the recent rainfall variability in-
dexes over WA indicate increments in the rate of WAM wet season (May to Oc-
tober) rainfall at the three zones. Though the rate of the increment is less over
GG, the higher value over WSS confirms that it is recovering faster than ESS
from the earlier droughts of WA. The variability has been significantly linked to
the oceanic pulsations as the SAODI shows a positive linear relationship with the
wet season rainfall variability over GC whereas the ONI shows negative linear
relationship over the Sahel zones, though with low correlation values. The recent
extremely wet and dry years identified from the rainfall variability indexes have
been investigated for the underlying trends associated with atmospheric circula-
tion. Wet (dry) years are associated with stronger (weaker) MFC whereas the
magnitude of its divergence at the atmospheric boundary layer over the Mount
Cameroon area determines how further northwards (southwards) it is displaced
in the wet (dry) years hence supporting more (less) rainfall. In wet (dry) years,
the monsoon westerly is stronger (weaker), the SAL is weaker (stronger) whereas
the TE] is stronger (weaker) and the AE] is weaker (stronger). The zonal wind
difference between wet and dry years reveals the WAW]. The mslp anomaly is
predominantly negative (positive) in wet (dry) years.

FGOALS-s2, one of the outstanding models from China that participated in
the CMIP5 project [74], has shown remarkable performance in the simulation of
the atmospheric circulation associated with the wet and dry years. The model
shows a significant correlation with the reanalysis both at spatial and temporal
scales. However, the RMSE values show the absolute measure of the expected
uncertainties in the model when compared with the reanalysis. In view of the li-
mited resources, this result makes FGOALS-s2 a viable tool in the prediction of
seasonal rainfall extremes over WA. Further studies are ongoing in our group
towards understanding the dynamics of the Mount Cameroon area as its baroc-

linic is imperative to atmospheric dynamics near coastal regions and fronts.
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