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We performed the Eyam analysis in Python, then in MATLAB.

You can also construct an Euler model via a spreadsheet (Excel).

(Y=l - N = R, R - TSR S )

A

B C

D

Black Death Epidemiological model using the Eyam data
Andy French & John Cullerne. 24th February 2018.

Initial population NO

Initial number of succeptables S0

Initial number of infectives 10

Transmission rate constant beta

Death rate constant alpha

timestep dt /months
t /months

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1.1
1.2
1.3
1.4
1.5
1.6

E F G
249.5
235
14.5
0.017759
2.9
N N+D = NO
249.5 249.5
245.3 249.5
240.6 249.5
235.3 249.5
229.4 249.5
223.0 249.5
216.1 249.5
208.8 249.5
201.1 249.5
193.2 249.5
185.1 249.5
177.0 249.5
168.9 249.5
161.1 249.5
153.6 249.5
146.4 249.5
139.7 249.5
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Euler numerical iterative
solution scheme

!

Leonard Euler
1707-1783

o
a=23894, [=—-—

P 163.3
t,=0, S, =235, I,=145, D, =0
t., =t +At

Sn+1 — Sn _ﬂSnInAt
L, =1, +(BS,1. —al,)At
D, =D +al At

i.e. fix a time interval and work out what
happens after each time step.
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describe model of Evyvam epidemic.

Euler method solver for differential equations which

function [t,I,S5,D] = eyam model( dt, IO, 50, alpha, beta, tmax )

$Initialize output wvectors for t,I,5,D
= 0 : dt : tmax;

= length(t):

S0*ones (1,N) :

= I0*ones(1,N):

= zeros (1,N);

0 H = ot
I

%Loop through wvectors to compute t, I,

a
_2894 p=_9%_
¢ P=1T633

t,=0, S, =235, 1,=14.5, D, =0
t =t +At

S,.,=S, —S,1 At

.. =1, +(BS,1,—al,)At

D, =D, +al At

s, D.

Zusing the Euler first order differential equation method

for n=2:N
t(n) = t(n-1) + dt:
I(n) = I(n-1) + dt*( beta*S(n-1)*I(n-1) - alpha*I(n-1) ):
S(n) = S(n-1) - dt*beta*S(n-1)*I(n-1):
D(n) = D(n-1) + dt*alpha*I(n-1):
end

MATLAB code for Euler Eyam model



dS dl Eyam Equations
—=—-p3l, — =5l -«al
dt P dt P ?j_?:_lgm
°d_l—_ﬂSI_al—ﬁi_1 dD |
- dS ASI 7S dt

S 1 S %:,BSI—QI
=1 szO(%g—lde =[%InS—S]SO

| = IO+%Ini—S+SO

Note we can integrate
to find I(S) analytically

... But not I(t), S(t), D(t)



IO+SO-I-S

1507

507

alpha/beta = 163

— Linéar fit
+ Data

|0+so—|—5=%|n(%j

Performing linear regression
using Mompesson'’s data
allows us to determine

o
p=—~=~163
154

0.2

04 06 08 :
In(S,/S)




%tLine of best fit function yfit = m*x, with product moment correlation
scoefficient r
function [yfit,xfit,r,m] = bestfit(x,vy)

%Find any % or y values that are NaN or Inf

ignore = isnan(abs(x)) | isnan(abs(y)) | isinf(abs(x)) | isinf (abs(y)):
% (ignore) = [];
y (ignore) = []7

ZCompute line of best fit

alpha/beta = 163

xybar = mean (x.*y): —Linéar fit | l
xxbar = mean(x.”2 ): 1501 + Data
yybar = mean(y."2 ):
m = xybar/xxbar; _+
r = xybar/( xxbar*yybar );
yfit = m*x; — 100
®xfit = x; IO
(0))]
+
_o
50+
0 ' ' | '

0 02 04 06 08 1
In(S,/S)
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alpha = 2.89 for minimum SSD

Run model in a loop for a range of alpha values.
Find the alpha that correspond to the minimum
‘sum of squared differences’ between model
and Mompesson data values. (Interpolate
‘model at Mom-p-esson -ti-m-e-s).- _____________ _______________________




Euler Eyam solver implemented in MATLAB with a Graphical User
Interface (GUI). Change the inputs via the sliders or edit boxes, and
the curves are computed automatically.

<Student Version= : eyam E [=] @
Eyam Euler model: o = 2.99, p = 0.0183, At = 0.005 10 S0 sl
! i i i I 14.5 235 2.987 163.3
s s s S - - - -
200 [-----om g o D
_ ! ! !
e E i i
0 150 oo R ot -
= | | |
o :
o ;
o |
= 1[0 RSSO NSNS SRS M —— -
> ;
L :
B0 f-oeeeeee ------------------- -
O | | :
0 1 2 3 4 > - - -
t /months
Imax = 26.76, timax = 0.9 ‘ '
\ Overlay Mompesson data Smin = 86.72
Dmax = 162.8 Timestep /months 0.005
‘ TR ‘ Max time /months 4 EYAM MODEL. A.French Jun 2019.
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Optimize Imaxtmax | [FBEH  Euler
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<Student Version> : eyam E (= @

Eyam model fit Iph t
— 250 N=275,1 _=26.76,R =168, _=0.9 mex o max o dpna o em
In (l — ]7) 0=2.987, p=163.3, 1=0.6851, 8,=235, | =14.48 3 15 a 08

250

]7 200 N

=0

]
=
—_
J—
I
=
M
S,I,D population
o
o

z =—In| -
]7 100
50
In(l-n) In(1-7) O A~ L] L
X - 1 -In| -—— 1 0 1 2 3 4 25 05 2 005
max

a: ]? ]? t /months

/| Overlay S and D as well as I? Oput:\zsé?r:ax,tm:fi — | 26.76 0.9 2.987 0.6851

\M/ ‘ Import 1,5,D vs t data ‘ Optimizs aphssta | RO = 1.6842 rho = 163.28

[

max SZISTANE SS8D = 39.075 N =275 beta = 0.018294

X o | -1 —ii EYAM MODEL. A French Aug 2019.

max
\ Eyam model fit
j'-' dz N=275,| =26.76 R.=1.68.t _=0.9
T(Z = max 0 max
+]l—¢ - ! o=2.987, p=163.3, n=0.6851, So=235’ IO=14.48
lll’l‘{
| B 250 —
x=x_ +l-e -z s
- 200" —D|
y=e S
©
T = 150
t=—+ty,, [=px S=py, D=p(z-z )| &
(84 o
A 100}
N:[max+p_pz— (7)-
50+

P % 0 i 2 3 4

t /months



Eyam model: «=2.99, 3=0.0183, At=0.005
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log( P(D,t) ) : a=2.99, =0.0183, At=0.005 log( P(I,t) ) : «=2.99, B=0.0183, At=0.005

250
200
i 150 1.4
[
P
8
= 100 -6

t /months

t /months

log( P(S,1) ) : a=2.99, $=0.0183, At=0.005

Probability map computed from
50,000 iterations. Black circles are
from the Mompesson Plague data
set and black dashed lines

correspond to the Euler model.

Susceptibles (S)
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Cumulative UK CV- 19 deaths fthousands 05/03/2020 15/12/2021

Cumulative deaths /thousands

150 One can estimate the
number of CV-19
infectives from the
100 cumulative deaths:
1
S0 ka dt ka t t
n+1 n-1
From Oxford World in data
0 L L L L L
O 00 deesince os0a0s0 0 7% Estimated UK COVID-19 infectives 05/03/2020 - 16/12/2021
Find the gradient and 212/ |
scale by: =
» ! _
ke =0.01x z% days™ g (1) |
9.32 = %
O 0.8 7%; { \ B
Note mortality fraction k and disease uqc—’ T‘ T T |
time constant e may vary considerably within a population < 06" T i f 1 J
and indeed post-vaccination — so treat with caution! D Jlf % % 1
3 P
Q
. ’ £ 0.4 }u‘g | |
Note: as per the ‘daily death rate E %
1 0.2

graphs in World in Data, we also apply

a seven-day moving average to % | ‘ |
smooth the numerical derivative. 0 100 200 300 400 500 600 700
Time in days since 05/03/2020



https://github.com/owid/covid-19-data/tree/master/public/data

