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Group 5: mathematics

Modelling the Ebola outbreak
Andrew Clarke
Further analysis linked to the article on pp. 26–30 of the magazine.

The exponential model
The data does seem to be increasing at an increasing rate and not a constant rate (as would be
suggested by a linear relationship). For this reason an exponential regression will now be constructed.
It is shown in Figure 7.
The equation of this model is:
𝑁 = 91.6𝑒 !.!"""!

(4)

The coefficient of determination for this regression is 𝑟 ! = 0.984. This tells us that 98.4% of the
variation in the number of cases can be explained by the time in days. This makes it a good model for
predicting future numbers of Ebola cases. This model also resolves the limitation of the linear model’s
prediction of the initial number of cases. The exponential model predicts the number of cases on 24
March 2014 to be 92 people, which is only 7% more than the actual number of 86. To further examine
the validity of this model a residual plot was constructed and shown in Figure 8.
This residual plot suggests a much better fit from the exponential regression when compared to the
linear regression. For a start the residuals are much smaller, with a maximum of about +1400
compared to +5000 cases for the linear model. There is also no clear pattern in the residuals,
particularly for 0 ≤ 𝑡 ≤ 120 days. For the remainder of the time period, however, there seems to be a
generally increasing trend in the size of the residuals. It is possible that another regression may fit the
data better in this interval and reduce the size of the residuals.
A further constraint of the exponential model is the unbounded range. In reality the numbers of cases
are not going to be exponentially increasing forever and there must be some sort of upper bound on
the range. For these reasons a logistic model will likely be more appropriate.

The transformed logistic model
As mentioned in the article there are still some issues that remain with the logistic model that is shown
In Figure 7 we can see that in the interval of 0 ≤ 𝑡 ≤ 120 days the residuals are all positive, which
indicates that the model is under-predicting the number of cases within this interval. For example, the
initial number of cases predicted by the model is just 25, which is much less than the actual number of
86. To help make the model more accurate within this interval a horizontal translation will be applied.
If the horizontal translation was a cases then the new function will be:
𝑁=

!!"#$
!!!"#! !!.!"#$!

+𝑎
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An initial estimate of the value of a can be found by looking at the difference between the initial value
as predicted by the logistic model and the actual value. This difference is 61 cases. While this would
make the initial value more accurate it may not be suitable for the other values in the interval
0 ≤ 𝑡 ≤ 120 days. To help look at this problem in more detail GeoGebra was once again used, with a
slider to represent the parameter a. The parameter was then changed for various values in the interval
0 ≤ 𝑎 ≤ 150 until a value was reached that appeared to minimize the residuals in the initial time
period. This was determined to be at about a = 130.
This residual plot is shown in Figure 8.
The preferred model to fit the data has thus been determined to be:
𝑁 𝑡 =

!!"#$
!!!"#! !!.!"#$!

+ 130

(5)

The domain of this function is 𝑡 ≥ 0 and the range is 155 ≤ 𝑁 ≤ 23  027
This new model no longer consistently under-predicts in the interval 0 ≤ 𝑡 ≤ 120 days, while not overly
affecting the values that are generated for time intervals greater than 120 days. For example, the
model in equation (4) predicts 13 392 cases after 225 days, while the model in equation (5) predicts
13 522 cases, which is only 1% different and is quite acceptable given the uncertainty already
associated with the prediction. It is deemed that model (5) is superior as it gives a better
representation of case numbers for the early time period while sacrificing little accuracy in longer time
periods. This model could now be accepted and we could move on to step 5.
We could continue to look at other parameters of the logistic model. Further transformations of the
base logistic function could be made in order to model the affect of changing various parameters.
That is, if we have base logistic function:
𝑁 𝑡 =

𝐾
+𝑐
1 + 𝑎𝑒 !!"

then any of the parameters could be changed to investigate the effect on the predicted number of case
counts. In particular the parameters K (carrying capacity) and b (growth rate) could be changed. For
example, if the virus spread to surrounding countries then the value of K (22 897) in model (5) would
need to be increased. Also, if new information came to hand that would affect the growth rate then the
parameter b could also be changed. Sharman, Yang and Kandula at Columbia University (2014), for
example, have been able to develop models that respond to changes in the situation. If intervention
and containment procedures improve or worsen in the future the model can be modified to reflect this
new information.
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Figure 7 Graph showing an exponential regression through the scatterplot

Figure 8 Residual plot of the exponential regression
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