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Text S1 

Using CRU and GHCN as observed surface temperature over Central Africa landmass 

and HadiSST and ERSST as observed sea surface temperature over surrounding 

Oceans, we compute land-ocean thermal contrast between Central Africa landmass 

(15o-30oE; 5oN-5oS) and equatorial Atlantic Ocean (5oW-5oE; 5oN-5oS). The observed 

land-ocean thermal contrast has a strong correlation with the land-ocean thermal 

contrast from reanalysis (Fig. S1, in supplementary materials). But, the most striking 

feature is that observational datasets suggest cold Central Africa landmass and warm 

equatorial Atlantic Ocean (Fig. S1, in supplementary materials). This is inconsistent 

with the physical processes involved in the zonal atmospheric circulation, confirming 

that observational datasets, over Central Africa, are not reliable largely because of the 

scarcity of in situ data (cfr line 128-130 in the manuscript and Fig. 2, and Fig. S10a in 

supplementary materials). For this paper, we will consider only reanalyses datasets 

as they are intensively used within the climate research communities to investigate 

large-scale meridional and/or zonal atmospheric circulation.  

 

  



Text S2 

The moist static energy is used to examine the role of both energy and water budgets 

to understand precipitation over regions of deep convection. The vertical profile of 

moist static energy is a good indicator of atmospheric instability derived from vertical 

distribution of moisture and temperature. Thus, the moist static energy (h) is defined 

as follow: 

ℎ = ℎ𝑇  + ℎ𝑄 +  ℎ𝜙                                                                        (1) 

𝐷𝑆𝐸 = ℎ𝑇 +  ℎ𝜙                                                                           (2) 

 Where DSE is dry static energy, with contribution of both internal (ℎ𝑇 = cpT) and 

potential (ℎ𝜙 =  𝜙) energies and latent energy (ℎ𝑄 =  𝐿𝑣𝑞) respectively; cp is specific 

heat capacity of dry air at constant pressure; T is air temperature; Lv is the latent heat 

of vaporization; q is specific humidity; 𝜙 is geopotential. We normalize the equations 

1 and 2 by cp so that unit of moist static energy (J/kg) and each of its components in 

equations (1) and (2) are expressed in K. In our paper, we averaged over Central 

Africa (15o-30oE; 5oN-5oS) and plot them either in Figs. 8 or in Figs. S4 and S18 -20. 

  



Text S3 

The Congo Basin Cell is an open cycle in which the air masses are added and 

removed. However, the free energy of water vapor which is given by:   

𝑔𝑣 =  𝐶𝑙 (𝑇 −  𝑇0 − 𝑇𝑙𝑛
𝑇

𝑇0
) + 𝑅𝑣𝑇𝑙𝑛ℋ = 0           (1)   

In this expression, 𝐶𝑙  is the heat capacity of liquid water, 𝑇0 is an arbitrary reference 

temperature, 𝑅𝑣  is the gas constant of water vapor, and ℋ is the relative humidity. At 

saturation, the free energy of water vapor and liquid water are equal 

𝑔𝑣 −  𝑔𝑙 = 0           (2) 

The work performed by the cycle may be written as follow:   

 

𝑊 =  ∮ 𝑇𝑑𝑆 +  ∮ 𝑔𝑣𝑑𝑟𝑇               (3) 

       = (𝑇𝐶𝐴 −  𝑇𝐴𝑇𝐿)∆𝑆 + (�̅�𝑣,𝐶𝐴 −  �̅�𝑣,𝐴𝑇𝐿)∆𝑟𝑇        (4)   

With T, the temperature; ∆𝑟𝑇 =  𝑟𝑇2 − 𝑟𝑇1 = 𝑟𝑇4 −  𝑟𝑇3, the amount of water vapor 

added during the moistening stage (1  2) and removed during the convection 

(drying) stage (3  4). The averaged chemical potentials �̅�𝑣,𝐶𝐴 and �̅�𝑣,𝐴𝑇𝐿 during the 

moistening and drying stages over Central Africa landmass (CA) and eastern Atlantic 

Ocean (ATL) are defined as:  

�̅�𝑣,𝐶𝐴 =
1

∆𝑟𝑇
∫ 𝑔𝑣

2

1

 𝑑𝑟𝑇                (5) 

 



�̅�𝑣,𝐴𝑇𝐿 =
1

∆𝑟𝑇
∫ 𝑔𝑣

4

3

 𝑑𝑟𝑇               (6) 

  

Similarly, the heating (warming) over Central Africa landmass may be given by:  

𝑄𝐶𝐴 =  ∫ 𝑇𝑑𝑆
2

1

+ ∫ 𝑔𝑣𝑑𝑟𝑇 =  𝑇𝐶𝐴

2

1

∆𝑆 + �̅�𝑣,𝐶𝐴∆𝑟𝑇 =  𝐿𝑣∆𝑟𝑇              (7) 

The equation (7) results from the fact that the cooling during step 3  4 is due solely 

to the latent heat release of water vapor. In this case, the entropy change can be 

written as  

∆𝑆 =  
𝐿𝑣−  �̅�𝑣,𝐶𝐴

𝑇𝐶𝐴
∆𝑟𝑇                  (8) 

 

Using the equation (3), this yields: 

𝑊 =  
𝑇𝐶𝐴 −  𝑇𝐴𝑇𝐿

𝑇𝐶𝐴
 𝐿𝑣∆𝑟𝑇 + (

𝑇𝐴𝑇𝐿

𝑇𝐶𝐴
�̅�𝑣,𝐶𝐴 −  �̅�𝑣,𝐴𝑇𝐿) ∆𝑟𝑇              (9) 

(9) can also be written as: 

𝑊 =  
 ∆𝑇𝐴𝑇𝐿

𝑇𝐶𝐴
 𝐿𝑣∆𝑟𝑇 + (

𝑇𝐴𝑇𝐿

𝑇𝐶𝐴
�̅�𝑣,𝐶𝐴 −  �̅�𝑣,𝐴𝑇𝐿) ∆𝑟𝑇                        (10) 

 

This provides an evidence that the midlevel easterly jet is a result of the mechanical 

work that balances the latent heat release associated with the convective updrafts 

over Central Africa (step 3  4 in Fig. 9). However, more details about the mixed 

Carnot-Steam cycle may be found in Pauluis (2011). 



 Table 1. The linear trend (K per decade) of the temperature over Central Africa (𝑇𝐶𝐴) 

and eastern Atlantic Ocean (𝑇𝐴𝑇𝐿) and land-ocean thermal contrast (∆𝑇𝐴𝑇𝐿) between 

Central Africa landmass and eastern Atlantic Ocean for ERA-Interim, NCEP2 and 

JRA55 respectively at 1000- hPa. In parentheses, the linear trend (K per decade) of 

temperature for JRA55 between 1979 to 2012. 

 𝑇𝐶𝐴 𝑇𝐴𝑇𝐿 ∆𝑇𝐴𝑇𝐿 

ERA-Interim 0.12 0.12 0.01 

NCEP2 0.15 0.19 0.03 

JRA55 0.14 (0.15) 0.12 (0.23) -0.01 (0.09) 



 

Fig. S1. Climatological annual (all months) mean of the zonal mass-weighted 

streamfunction (contours, Sv) over Central Africa in ERA-Interim from 1979 to 2017. 

Red and blue represent clockwise and counter-clockwise circulation. Vertical black 

bars represent the zonal limit of central Africa. The bold black line represents the zero-

line. 

  



Fig. S2. As in Fig. S5 but for ERA-Interim. The mass-weighted streamfunctions are 

computed as defined by Yu and Zwiers, 2010 and Yu et al. 2012.   



 
Fig S3. Scatterplot of (a) land-ocean thermal contrast in ERA-Interim (∆𝑇𝐸𝑅𝐴−𝐼𝑛𝑡𝑒𝑟𝑖𝑚, 

K) and land-ocean thermal contrast at 1000- hPa in CRU and HadISST (∆𝑇𝐶𝑅𝑈−𝐻𝑎𝑑𝐼𝑆𝑆𝑇, 

K); (b) land-ocean thermal contrast in ERA-Interim (∆𝑇𝐸𝑅𝐴−𝐼𝑛𝑡𝑒𝑟𝑖𝑚, K) and land-ocean 

thermal contrast in GHCN and ERSST (∆𝑇𝐶𝑅𝑈−𝐻𝑎𝑑𝐼𝑆𝑆𝑇, K); (c) the annual cycle of 

∆𝑇𝐶𝑅𝑈−𝐻𝑎𝑑𝐼𝑆𝑆𝑇 and ∆𝑇𝐶𝑅𝑈−𝐻𝑎𝑑𝐼𝑆𝑆𝑇 respectively. The vertical bar in (c) represents the 

standard deviation. The land-ocean thermal contrast is defined as the difference of air 

temperature at 1000- hPa between Central Africa landmass (15o-30oE; 5oN-5oS) and 

equatorial Atlantic Ocean (5oW-5oE; 5oN-5oS).  



 
Fig. S4. Topography over Central Africa (in m). The black box represents the Central 

Africa region (7o – 33oE; 10oN – 15oS). The dashed black lines, located at 5oN and 5oS 

respectively, highlight the equatorial region where the zonal wind is meridionally 

averaged. The blue, red and green lines show the climatological annual (all months) 

position of the western and eastern edges of the Congo Basin Cell respectively (for 

more details, see the text). 

 
 
 
 

 

  



 

Fig. S5. Hovmoller (longitude-time) of ERA-Interim (left column), ECHAM (middle 

column) and biases (right column) of internal energy (T, K) (a-c); latent energy (Lvq/cp, 

K) (d-f) and potential energy (𝜙/cp, K) (g-i) at near surface over central Africa (10°N-

15°S). The dashed white and black line represent the zonal limit of Central Africa. In 

each panel, the blue line represents the position of rainfall maximum, while the red, 

cyan and black line represent T maximum, Lvq/cp maximum and 𝜙/cp minimum 

positions respectively.  

 

 



 

Fig. S6. Annual cycle of the zonal mass-weighted streamfunction (contours, Sv) and 

vertical velocity (shaded, Pa/s) and rainfall (bottom panel, mm/d) over Central Africa 

in ERA-Interim. Grey and black contours represent positive and negative values of 

mass-weighted streamfunctions. Contours intervals are 20 Sv between 5 and 100Sv; 

75 Sv between 150 and 600 Sv and 150 Sv up of 700 Sv. Vertical bars represent the 

zonal limit of central Africa.  



 

 

Fig. S7. As in Fig. S5 but for NCEP-2.  

 

  



 

 

Fig. S8. As in Fig. S5 but for JRA55.  

 



 
Fig. S9. Difference in (a) Intensity; (b) width; (western edge and (d) Congo Air 

Boundary (eastern edge) for the Congo Basin Cell in NCEP 2 (blue) and JRA55 (red) 

compare to ERA-Interim. 

  



 
 

 Fig. S10. The relationship between the monthly mean of Congo Basin Cell intensity 

(Sv) vs width (deg. lon), (bottom) Congo Basin Cell width (deg. lon.) for ERA-Interim 

(a), NCEP-2 (b) and JRA55 (c). The bold black line represents the linear trend between 

Congo Basin Intensity and width. The number on the left corner show the regression 

coefficient. 

 



 
Fig. S11. The interannual variability  for (a) the annual mean temperature over Central 

Africa(15o-30oE; 5oN-5oS, 𝑇𝐶𝐴, K) and eastern Atlantic Ocean (5oW-5oE; 5oN-5oS, 𝑇𝐴𝑇𝐿, 

K); and (b) the land-ocean thermal contrast between the Central Africa landmass and 

Atlantic Ocean (∆𝑇𝐴𝑇𝐿, K) for ERA-Interim, NCEP2 and JRA55 respectively at 1000- 

hPa. 

  



 

 Fig. S12. As in Fig. S5 but for ECHAM5.3.   

 

 



 

Fig. S13. Time series of the annual mean of (a) Congo Basin Cell intensity; (c) width; 

(e) western and eastern (Congo Air Boundary) edge for ECHAM5.3. The linear trend 

is shown in the right panel, for (b) Congo Basin Cell intensity (d) width and (f) western 

and (g) eastern (Congo Air Boundary) edge. In these panels, the vertical bar 

represents the interval of confidence.  

 

 



 

Fig. S14. Annual cycle of (a) near surface land-ocean thermal contrast (∆𝑇𝐴𝑇𝐿, K) and 

(b) zonal surface pressure gradient (∆𝑃𝐴𝑇𝐿, hPa) between central Africa landmass 

(15o-30oE; 5oN-5oS) and equatorial Atlantic Ocean (5oW-5oE; 5oN-5oS) for ECHAM5.3 

  



 

 Fig. S15. Annual cycle of the lower layer thickness defined as the vertical integration 

of geopotential height between 1000- and 850- hPa and the zonal wind component 

(black contours, m/s). The zonal wind less than -5m/s is not shown. The lower 

atmospheric thickness is considered as a better approximation of the heat content of 

that atmospheric layer over central Africa and its adjoining Oceans (Turrent and 

Cavazos, 2009). The Contour interval of the zonal wind is 2m/s. The solid grey box 

represents Central Africa region (7o-33oE; 15oS-10oN).   

  

  



  

 

Fig. S16. Annual cycle of Congo Basin Cell (top) intensity (Sv) vs rainfall (mm/d), 

(bottom) Congo Basin Cell width (deg. lon.) vs zonal rainfall maximum position for 

ERA-Interim (left), NCEP-2 (middle) and JRA55 (right). 

  



 

Fig. S17. Annual cycle of rainfall (mm/d) over Central Africa landmass (15o-30oE; 

5oN-5oS).   

  

  

 



 

Fig. S18. Annual cycle of the meridional mass-weighted streamfunction (contours, Sv) 

and vertical velocity (shaded, Pa/s) and rainfall (bottom panel, mm/d) over central 

Africa (15o-30oE; 5oN-5oS) in NCEP-2. Grey and black contours represent positive and 

negative values of mass-weighted streamfunctions. Contours intervals are 20 Sv 

between 5 and 100Sv; 75 Sv between 150 and 600 Sv and 150 Sv up of 700 Sv. 

Vertical bars represent central Africa.  

 

  



 

 Fig. S19. As in Fig. S18 but for ERA-Interim.  

 

 



 
 

Fig. S20. As in Fig. S18 but for ECHAM5.3.  


