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Abstract

At intra-seasonal timescales, convection over West Africa is modu-
lated by the Madden Julian Oscillation (MJO). In this work we inves-
tigate the simulation of such relationship by 11 state-of-the-art Atmo-
spheric General Circulation Models run with prescribed observed Sea
Surface Temperatures (SST). In general, the simulations shows good
skill in capturing the main characteristics of the summer MJO as well
as its influence on convection and rainfall over West Africa. Most
models simulate an eastward spatiotemporal propagation of enhanced
and sup- pressed convection similar to the observed MJO, although
their signal over West Africa is weaker in some models. In addition,
the ensemble average of models gives a better performance in repro-
ducing the main features and timing of the MJO and its impact over
West Africa. Our analysis of the equatorial waves suggests that the
main impact over West Africa is established by the propagation of
low-frequency waves within the MJO and Rossby spectral peaks. Re-
sults from the simulations confirm that it may be possible to predict
anomalous convection over West Africa with a time lead of 15-20 day.

Introduction

1. Rainfall variability over West Africa in the 20-60 day which share
the same range of periodicity as the MJO (Janicot and Sultan, 2001;
Matthews, 2004) .

2. Very few studies in evaluating the simulations of MJO impact over
WA as well as the mechanisms however need to improve our under-
standing of the mechanisms underlying the MJO-West Africa link
(Lin et al., 2006; Mohino et al., 2012)

3. Need to evaluate the impact of the MJO on rainfall/convection
over WA and the dynamical mechanism involved in state-of-the-art
AMIP’s models.

Figure 1: Fluctuations between 10 and 90 days (Janicot et al, 2001).

Data and Methodology

1- Data

* NOAA daily interpolated Outgoing Longwave Radiation (OLR)
as convection proxy with 2.5◦x2.5◦ resolution(Liebmann and
Smith,1996).

* Daily GPCP global rainfall data (1◦ x1◦; Huffman et al., 2001).

* ERA-40 (Uppala et al., 2005) and ERA-Interim (Dee and Uppala et
al., 2009) zonal wind interpolated into a grid of 3◦x 2◦ (1979-2008).

* Atmospheric Model Intercomparison Project (AMIP) simulations
from eleven models (1979-2008).

2- Methods

* Similar method as Wheeler and Hendon, (2004) based on CEOF
analysis on U850 and U200 hPa and OLR (filtered over 20-90 day
band-pass) averaged between 15◦S-15◦N.

* CEOF1 and CEOF2 modes used to describe the MJO evolution us-
ing composites maps.

* Wavenumber-frequency analysis and filtering on OLR to separate
the different convectively coupled equatorial waves (CCEW).

Results
1- Evolution of summer MJO through AMIP

Figure 2: Observed (thick black line) and simulated first two CEOFs of summer
OLR and zonal wind at 850 and 200 hPa anomalies from AMIP simulations.

Figure 3: Lead-lag correlations between the principal components associated with
the first and second CEOF from observation and AMIP simulations.

Figure 4: Summer composites of deseasonalized anomalies of OLR (Wm-2) ac-
cording to the eight phases of the MJO, from observation (left) and the ensemble
of AMIP simulations (right). The grey contours represent 95% significant regions
obtained from a tailed t-test.

3- Impacts of MJO over West Africa

Figure 5: Rainfall anomaly composites (shaded) during the convective phase 1 (left)
and phase 5 (right) of MJO for obs (top) and the ensemble average (bottom) over
WA. The units are in mm/day. The marked (x) points represent the area where at
least eight (8) out of 11 models are consistent on the sign of the composite. Grey
contours represent the area where rainfall anomalies are 95% significant.

3- Mechanisms through which MJO impacts West African rainfall

Figure 6: Wavenumber frequency spectral analysis of deseasonalized OLR from
the observation and the ensemble averaged of models simulation (top) and Corre-
lation of the non-filtered OLR composites and each of the convectively equatorial
waves from observation and AMIP models over the wavenumber-frequency domain
(down).

Figure 7: Composites Hovmoller diagram of deseasonalized anomalies averaged
between 10◦S and 10◦N of zonal wind at 850hPa (m/s) for observed (a and b) and
simulated (c and d). The red dashed contours represent the positives values of OLR
(SLP) while the black solid contours show the negatives ones in a and c (b and d).

Conclusions
* Clear evidences of the impact of MJO on WA rainfall variabil-

ity during the summer period
* AMIP models tend to show such relationship between the MJO

and OLR/rainfall anomalies in phase with observations
* MJO also impacts the AEJ, particularly over the coastal regions

(not shown)
* The combination of westward and eastward propagating sig-

nals explain most of the pattern associated with the MJO im-
pact over WA

* Influence of MJO could be used to predict the occurrences of
wet and dry spells over WA
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