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Appendix S3 - Models equations 

 

All the global models obtained in the present study are based on the same general algebraic 

structure given in Eqs. (5) (in the main manuscript), with n = 3. It is thus sufficient to provide the 

detailed definition of the polynomial Q(X1, X2, X3) to have the full model definition.  

 

1. Cases models 

The polynomials directly obtained for cases dynamics are given hereafter, with the initial 

conditions used in the simulations: 
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(1) 

for κ1 = κ2 = 1, with (I1, I2, I3)0 = (1.32140219, 0.40622939, 0.09728182). 
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(2) 

with (I1, I2, I3)0 = (3.78019267, 1.03816738, 0.09672889).
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(3) 

for κ = 1, and with (I1, I2, I3)0 = (18.56026154, 0.54684471, – 0.07842929).
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(4) 

for κ = 1, and with (I1, I2, I3)0 = (0.148557439, 0.007301641, –0.001853553).
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(5) 

with κ = 1 (applied to the last monomial) and with (I1, I2, I3)0 = (1.5731661, 0.7370571, 0.2645352). 
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(6) 

for κ1 = κ2 = 1, with (I1, I2, I3)0 = (63.007946, 1.062328, 1.041740).
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(7) 

with (I1, I2, I3)0 = (1.68428705, 0.17532753, -0.06714965).
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(8) 

with (I1, I2, I3)0 = (3.6059480, 0.6592280, 0.3532457).
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(9) 

with (I1, I2, I3)0 = (0.12468916, 0.04379826, 0.00517157).
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(10) 

with (I1, I2, I3)0 = (3.46637146, 0.64073597, 0.0833453).
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(11) 

with (I1, I2, I3)0 = (5.2297639, 2.4304931, 0.7082607).
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(12) 

with (I1, I2, I3)0 = (4.773708481, 0.365475634, 0.005784271).
 

Other dynamical behaviours were found for cases dynamics. For Ghana, a bistable regime was 

discovered when tuning Eq. (5) with κ = 0.85, giving rise to two separated attractors (see Fig 2D in 

the main manucript) when starting from initial conditions (I1, I2, I3)0 = (1.5731661, 0.7370571, 

0.2645352) (in magenta), or (I1, I2, I3)0 = (400, 0, 0) (in green). 

Interestingly, the polynomial 
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(13) 

very similar to the other model obtained for Ghana (same terms as Eq. (5) except the term in 
2

3I
missing), enabled to reproduce the whole types of trajectories in a single chaotic attractor (Fig 2E 

in the main manucript), also with (I1, I2, I3)0 = (1.5731661, 0.7370571, 0.2645352). 

For Kenya, other interesting dynamics could be obtained by tuning the parameters of Eqs (6). The 

more complex situation was obtained with the original equations (Fig. 2C in green, in the main 

manucript) with large oscillations around a central point associated with smaller oscillations around 

small values (100 cases per day) and large values (450 cases per day and 520 cases per day). With the 

parameterization κ1 = 1.08 and κ2 = 0.9901, the smaller oscillations were removed, leading large 

oscillations around a genus-1 torus (Fig 2C in red, in the main manucript); with κ1 = 1. and κ2 = 

0.99802, keeping the large oscillations, the small oscillations around 450 cases per day were fostered 

(not shown); with κ1 = 1. and κ2 = 0.9882353, only small oscillations around 500 cases per day were 

kept, slowly converging to a period-1 attractor around this value (Fig 2C in blue, in the main 

manucript). The same initial conditions with (I1, I2, I3)0 = (63.007946, 1.062328, 1.041740) were used 

in all the cases. 

For Algeria, it was found possible to modify the average value of the periodic cycle at the 

convergence by tuning parameter κ2 of Eq. (1) (see Fig 2B in the main manucript). A quicker 

propagation of the epidemic is obtained for κ2 = 1.2 (oscillations around 250 cases per day, in blue), a 

slower (but with larger oscillations) one for κ2 = 0.75 (average around 150 cases per day, in 

magenta). For κ1 = 1.7, a very slow convergence to a period-1 cycle (in brown) was obtained through 

a nonchaotic toroidal transient (in cyan). 

For Egypt, variations of parameter enabled κ in Eq. (3) enabled to develop a phase non coherent 

dynamics (with κ = 1.7, Fig 2A in green, in the main manucript), or to reduce it (with κ = 1.25, Fig 2A 

in magenta, in the main manucript). 

 

2. Deaths models 

The polynomials directly obtained for deaths are given hereafter:
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(14) 

for κ = 1, and with (D1, D2, D3)0 = (2.350603100, 0.090248589, –0.004403239).
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(15) 

with (D1, D2, D3)0 = (1.01698111, 0.09243926, 0.01258062).
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(16) 

with (I1, I2, I3)0 = (0.79664811, 0.027177057, 0.001491929).
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(17) 

with (D1, D2, D3)0 = (0.058557124, 0.014613524, 0.003019658).
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with (D1, D2, D3)0 = (0.495186801, 0.030903699, 0.001010042).
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with (D1, D2, D3)0 = (0.59192824, 0.19602412, 0.02033359).
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(20) 

with (D1, D2, D3)0 = (16,3012378, 1.0437449, 0.3989576).
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(21) 

with (D1, D2, D3)0 = (0.98943082, 0.06020075, 0.01332138).
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(22) 

with (D1, D2, D3)0 = (0.306066088, 0.029837267, 0.00810896).
 

Other dynamical behaviours were found for deaths dynamics. For Algeria, the following model 

obtained: 
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also with (D1, D2, D3)0 = (2.350603100, 0.090248589, –0.004403239). Interestingly, whereas the 

model based on Eq. (14) was developing slow and smoothed increases followed by decreases 

associated with large oscillations, this other one (Eq. 23) is developing slow and smooth decreases 

followed by large oscillations during the increasing period which suggest that these two behaviours 

are dynamically rather close one to another. Their dynamics is presented in Fig 2F in the main 

manucript. 

 

  

 


