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Figure S1: Regions used for analysis of seasonal timing (1-16). Yellow indicates areas excluded, pink indicates
biannual regime and orange indicates regions with an annual regime. Region 4 is referred to in the text as South
West Africa Coastline (SWAC). Region 8 (grey number) was not analysed, due to large observational disparities.
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Figure S3: Average rainfall rate (mm/day) during the wet and dry seasons over biannual regime regions when
defined using meteorological seasons (dashed bars) and dynamically varying seasons ((Dunning et al., 2016),
solid). Long term means were computed for each model/dataset; the multi-model mean is plotted here. Over
the southern West African Coastline (region 4; top) the wet seasons are April-June (first rains) and September-
October (second rains). Over Central Africa (region 8; bottom) the wet seasons are March-May (first rains) and
September-November (second rains). The plots for the Horn of Africa (region 9) and the Sahel are included in
the main paper (Figure 1).
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Figure S4: The ratio of the amplitude of the harmonic at two cycles per year to the amplitude of the harmonic
at one cycle per year for each observational dataset used (Table S2). The dashed contour marks where the ratio
is equal to 1.0.
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Figure S24: Figure showing the difference between the mean onset date over each region (Figure S1) for each
simulation and the multi-observation mean onset for each region. The top two rows contain the multi-observation
mean onset and standard deviation for each region. Negative numbers indicate an early onset, while positive
numbers indicate a late onset. The dark red rows in the middle and at the bottom show the mean difference and
standard deviation across the atmosphere-only and coupled simulations respectively. Yellow shading indicates the
model mean is within the range of the five observational long term means for that region. Orange/ pale blue
shading indicates the mean model onset date is within the observational interannual range (based on interannual
standard deviation for each observational data set), and is early/ late respectively. Red/ dark blue shading

indicates the mean model onset date is outside the obsggvational range, and is early/ late respectively.
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Figure S25: Figure showing the difference between the mean cessation date over each region (Figure S1) for
each simulation and the multi-observation mean cessation for each region. The top two rows contain the multi-
observation mean cessation and standard deviation for each region. Negative numbers indicate an early cessation,
while positive numbers indicate a late cessation. The dark red rows in the middle and at the bottom show the
mean difference and standard deviation across the atmosphere-only and coupled simulations respectively. Yellow
shading indicates the model mean is within the range of the five observational long term means for that region.
Orange/ pale blue shading indicates the mean model cessation date is within the observational interannual range
(based on interannual standard deviation for each observational data set), and is early/ late respectively. Red/
dark blue shading indicates the mean model cessation date is outside the observational range, and is early/ late
respectively. 27
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Figure S26: Figure showing the difference between the mean onset and cessation dates over the Horn of Africa
(Figure S1) for each simulation and the multi-observation mean onset and cessation dates, for each season.
The top two rows contain the multi-observation mean onset/cessation and standard deviation for each season.
Negative numbers indicate an early onset/cessation, while positive numbers indicate a late onset/cessation.
The dark red rows in the middle and at the bottom show the mean difference and standard deviation across
the atmosphere-only and coupled simulations respectively. Yellow shading indicates the model mean is within
the range of the five observational long term means for that region. Orange/ pale blue shading indicates the
mean model onset or cessation date is within the observational interannual range (based on interannual standard
deviation for each observational data set), and is early/ late respectively. Red/ dark blue shading indicates the
mean model onset or cessation date is outside the observational range, and is early/ late respectively.
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Table S1: List of models and institutions that provided model output used in this study. Where AMIP and CMIP
(historical) simulations have been used for a certain model, the period used is indicated. A cross indicates that
simulation was not used. Horizontal resolution and references for each model are also included. * Monthly SST

data was not available for these models, and they are not included in Figure 5.

CMIP Resolution
Institute Model AMIP (Historical) | (Lat® x Lon®) Reference
CSIRO-BOM ACCESS 1.0 1979-2008 | 1979-2005 | 1.25 x 1.875 Bi et al. (2013)
CSIRO-BOM ACCESS 1.3 1978-2008 | 1979-2005 | 1.25 x 1.875 Bi et al. (2013)
BCC BCC-CSM1-1 1979-2008 | 1979-2005 2.78 x 2.81 Wu, T and others (2012)
BCC BCC-CSM1-1-M 1979-2008 | 1979-2005 | 1.12 x 1.125 | Wu, T and others (2012)
BNU BNU-ESM* 1979-2008 | 1979-2005 | 2.78 x 2.813 Ji et al. (2014)
CCCma CanAM4 1979-2009 X 2.77 x 2.813 Arora et al. (2011)
CCCma CanCM4 X 1979-2005 | 2.79 x 2.813 Arora et al. (2011)
CCCma CanESM2 X 1979-2005 | 2.79 x 2.813 Arora et al. (2011)
NCAR CCSM4 1979-2010 | 1979-2005 0.94 x 1.25 Gent et al. (2011)
NSF-DOE-NCAR CESM1-BGC X 1979-2005 0.94 x 1.25 Long et al. (2013)
NSF-DOE-NCAR CESM1-CAMb X 1979-2005 0.94 x 1.25 Hurrell et al. (2013)
CMCC CMCC-CM 1979-2008 | 1979-2005 0.74 x 0.75 Fogli et al. (2009)
CMCC CMCC-CESM X 1979-2005 3.71x3.75 Fogli et al. (2009)
CMCC CMCC-CMS X 1979-2005 | 1.87 x 1.875 Fogli et al. (2009)
CNRM-CERFACS CNRM-CMb 1979-2008 | 1979-2005 | 1.40 x 1.406 Voldoire et al. (2013)
CSIRO-QCCCE CSIRO-Mk3-6-0 1979-2009 | 1979-2005 | 1.85 x 1.875 Jeffrey et al. (2013)
ICHEC EC-EARTH X 1979-2005 | 1.12 x 1.125 Hazeleger et al. (2012)
LASG-CESS FGOALS-g2 1979-2008 | 1979-2005 | 2.79 x 2.813 Li et al. (2013)
LASG-IAP FGOALS-s2 1979-2008 X 1.65 x 2.813 Bao et al. (2013)
NOAA-GFDL GFDL-HIRAM-C180 | 1979-2008 X 0.50 x 0.625 Delworth et al. (2006)
NOAA-GFDL GFDL-HIRAM-C360 | 1979-2008 X 0.25 x 0.325 Delworth et al. (2006)
NOAA-GFDL GFDL-CM3 1979-2008 | 1979-2005 2.00 x 2.5 Delworth et al. (2006)
NOAA-GFDL GFDL-ESM2G X 1979-2005 2.02x 2.5 Dunne et al. (2012)
NOAA-GFDL GFDL-ESM2M X 1979-2005 2.02x 2.5 Dunne et al. (2012)
NASA-GISS GISS-E2-H* X 1979-2005 2.00 x 2.5 Schmidt et al. (2006)
NASA-GISS GISS-E2-R 1979-2008 | 1979-2005 2.00 x 2.5 Schmidt et al. (2006)
MOHC HadCM3 X 1979-2005 2.50 x 3.75 Collins et al. (2001)
MOHC HadGEM2-A 1979-2008 X 1.25 x 1.875 Collins et al. (2011)
MOHC HadGEM2-CC X 1979-2004 | 1.25 x 1.875 Collins et al. (2011)
MOHC HadGEM2-ES X 1979-2004 | 1.25 x 1.875 Collins et al. (2011)
INM INMCM4 1979-2008 | 1979-2005 1.50 x 2 Volodin et al. (2010)
IPSL IPSL-CMbA-LR 1979-2009 | 1979-2005 1.89 x 3.75 Dufresne et al. (2013)
IPSL IPSL-CM5A-MR 1979-2009 | 1979-2005 127 x 2.5 Dufresne et al. (2013)
IPSL IPSL-CM5B-LR 1979-2008 | 1979-2005 1.89 x 3.75 Dufresne et al. (2013)
MIROC MIROC4h X 1979-2005 0.56 x 0.56 Sakamoto et al. (2012)
MIROC MIROC5 1979-2008 | 1979-2005 | 1.40 x 1.406 Watanabe et al. (2010)
MIROC MIROC-ESM X 1979-2005 | 2.79 x 2.813 Watanabe et al. (2011)
MIROC MIROC-ESM-CHEM X 1979-2005 | 2.79 x 2.813 Watanabe et al. (2011)
MPI-M MPI-ESM-LR 1979-2008 | 1979-2005 | 1.86 x 1.875 Stevens et al. (2013)
MPI-M MPI-ESM-MR 1979-2008 | 1979-2005 | 1.86 x 1.875 Stevens et al. (2013)
MPI-M MPI-ESM-P X 1979-2005 | 1.86 x 1.875 Stevens et al. (2013)
MRI MRI-AGCM3-2H 1979-2007 X 0.56 x 0.563 Mizuta et al. (2012)
MRI MRI-AGCM3-2S 1979-2007 X 0.19 x 0.188 Mizuta et al. (2012)
MRI MRI-CGCM3 1979-2008 | 1979-2005 | 1.12 x 1.125 Yukimoto et al. (2011)
MRI MRI-ESM1 X 1979-2005 | 1.12 x 1.125 Adachi et al. (2013)
NCC NorESM1-M 1979-2008 | 1979-2005 1.89x 25 Iversen et al. (2012)
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Table S2: Description of some of the characteristics of the observational datasets of African precipitation used
in this study.

Spatial
Data Resolution | Period Used Reference
TARCAT 0.0375° 1984-2014 Maidment et al. (2014)
ARC 0.1° 1983-2013 | Novella and Thiaw (2013)
GPCP 1° 1997-2014 Huffman et al. (2001)
TRMM 3B42 0.25° 1998-2014 Huffman et al. (2007)
CHIRPS 0.05° 1981-2014 Funk et al. (2014)
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