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1  INTRODUCTION 

Li, Blakely & Smith in their 2011 paper titled "The Failure of R0 "; note that the Basic 
Reproductive Number (R0) "is one of the foremost concepts in epidemiology".  They show 
that: 

"Despite being a crucial concept in disease modelling, with a long history and frequent 
application, R0 is deeply flawed. It is not a measure of the number of secondary infections; it 
is never calculated consistently... Rarely has an idea so erroneously enjoyed such popular 
appeal." 

In the Covid 19 epidemic the popular appeal of this number has exploded across print media 
and the Internet; sometimes under the guise of the Effective Reproduction Number (Rt or Re) 
which is used once an epidemic is underway; but Li et al note that Rt is based on R0 so it 
"inherits many of the issues from R0". 

Leaving aside the mathematical issues raised by Li et al there are obvious conceptual issues 
with many models which assume a closed population for the epidemic, and do not allow 
reasonably for the modern world where large numbers of people travel around the world, so 
multiple seeds are sown in a semi-chaotic fashion. The following figure indicates how 
travellers dominated the Australian outbreak semi-chaotically in time and place. 

 

 



To this writer a better alternative for assessing the pattern of epidemics is in a paper by eight 
authors (Santillana et al, 2018) from Institutions including Harvard University, Boston 
Medical School, Univ. Toronto, London School of Tropical Medicine and Simon Fraser 
University; obviously published pre-Covid191. 

They note: 

"In the mid-19th century, Dr William Farr made the observation that epidemic events rise and 
fall in a roughly symmetrical pattern that can be approximated by a bell-shaped curve. He 
noticed that this time-evolution behavior could be captured by a single mathematical formula 
(“Farr's law”) that could be used for epidemic forecasting" 

In an odd way the beauty of Farr's work from 1840 and thereabouts, is that he had little idea 
what caused infection, let alone infection transmission. He simply collected and analysed 
data. Also he did not document how he did his analyses; for this we have to thank a Dr 
Brownlee (1915) for mathematical explanation of what Farr did as some kind of savant (see 
Appendix A). 

Santillana et al show that Farr's law is in effect the same as modern mathematical models; 
and that these models can be boiled down to a single number (they term d)   which shows 
how the epidemic grows and fades. They make the critical point that: 

"The empirical underpinnings of d are not yet well defined, but based on current 
understanding of disease dynamics could represent public health interventions, population 
adaptation or behavior change, improved availability of personal protective items or effect of 
drugs to treat infection, or reductions in population susceptibility as a result of immunity or 
vaccination." 

In other words the growth, spread, control and decline of an epidemic are not some 
'Darwinian' processes but are a function of societal intervention which, in turn, is significantly 
a matter of Government control. The magnitude and rate of infection spread is, no doubt, 
also a function of environmental factors such as population density, pollution and UV from 
sunlight.  

Unfortunately, nowadays there are numerous articles such as that by Dr John Lee in the 
Spectator of 9 May 20202. Therein Lee says, "It has become a matter of faith that lockdown 
is vital. Not only is it believed to be causally responsible for 'flattening the curve', but it is 
believed that releasing it too soon may cause a second spike in cases..."  He then debunks 
the very facts documented by Santillana et al, and many others.  

As a wry aside; John Lee uses the seminal work of Johnathan Haidt to argue that those who 
support societal interventions such as lockdown are trapped by a mindless "groupthink 
response". What Lee fails to see is that parts of his arguments debunking lockdown put him 
in Haidt's group of people who think that the individual is unimportant in relation to overall 
society. So, he like others of his ilk, say; what does it matter that as of 3 July 2020 we have 

                                                           
1Santillana, Tuire et al (2018) Relatedness of the incidence decay with exponential adjustment model (IDEA) 
model, "Farr's Law" and SIR compartmental difference equation models. Infectious Disease Modelling, 3, 1-12. 
 
2 "Ten reasons to end the lockdown now" 



40,000 new deaths in the UK,  given that, maybe, more die from flu each year, or that most 
were old (like me) and may as well die anyway ?  

In this regard I nail my understanding to the mast, namely that for the past 2100, or so, years 
we homo sapiens have, in substantial proportion, come to understand that if the individual is 
not valued then society as a whole is substantially degraded. 

I think the best way to deal with arguments such as that of John Lee, and another rather 
despicable article in the Spectator by Brendan O'Neill3, is to present some facts in an 
accurate manner, using the work of William Farr for assistance. 

2  ANALOGY 

I don't think any true scientist would think that mathematical models can predict the life cycle 
of an epidemic; the models are only there to help intelligent thinking and policy making.  

But herein we do not deal with predictive mathematical models; we deal rather with analysis 
of progressively recorded Covid 19 data so as to understand impacts of controls exercised 
by a particular society.  

For the lay persons it may help to think of typical Covid 19 data using the analogy of a long 
car journey for which a daily record is kept of the distance travelled. A plot of total distance 
travelled recorded each day, is similar to the cumulative infections day after day.  

The slope of the plot of distance travelled each day is speed in km/hr (Velocity), which can 
also be plotted for the whole trip. This is equivalent to the slope of the cumulative infection 
plot, i.e. epidemic growth velocity as infections/day.  

Finally, and critically, the slope of the car-speed versus time plot is acceleration or 
deceleration of the car; analogous to the slope of the plot of infections/day. 

3 ANALYSIS OF DATA FROM NSW, UK, SOUTH AFRICA, SWEDEN AND JAPAN 

The purpose of the analyses present here is to show that the  main value of Farr's Law is not 
as predictor of epidemic trajectory, but rather as assistance in understanding the extent to 
which societal behaviours, and environmental factors, impact on epidemic growth, spread 
and decline.  

Farr defined two ratios: 

• R1 is the ratio of today's infections over yesterday's infections; it is a measure of 
'speed' 

• R2 is the important one and is the ratio of today's R1 value over yesterday's R1 
value; it is a measure of acceleration and deceleration. 

The mathematics of Farr's exponential equation means that R2 is a constant.  

 

                                                           
3 "Why Boris bashers like Jacinda Ardern" - an article which dismisses New Zealand as having more sheep than 
people. 



R2 is a number which differs from 1.0 by only a small amount so it is a difficult number to 
appreciate. Therefore, for ease of comprehension I have defined what I call Farr's Number 
which is:  

• Farr's Number = 1000x (1.0-R2) 

It transpires that success in managing an epidemic outbreak can be assessed using Farr's 
Number approximately as follows: 

Farr's Number Epidemic control 
0 to 1 Out of control - unpredictable 
1-2 Poor control - uncertain 
2-5 Reasonably under control 
5-20 Very good 
>20 Excellent 

 

This note was initially prepared using data to the first week of May 2020. Almost a month 
later, on 4 June 2020, I revisited the databases to assess the validity or otherwise of 
conclusions reached in early May.  

With all the data I have used smoothing of the cumulative infections, and the first derivative 
(infections/day), so as to remove obvious noise4 in the data. 

New South Wales 

New South Wales has to date dominated the life cycle of the Covid19 epidemic in Australia. 
How Authorities and the public responded to infections first brought by travellers is 
documented elsewhere. Suffice it to say that the philosophy of the Federal and State 
governments was "hit early and hit hard". On 5 February arrivals of non-citizens from China 
were banned; 14 day isolation for arrivals commenced 15 March and all international travel 
was banned on 16 March. 

Figure 1 shows the NSW data5 to 30 March 2020 together with the best fit Farr equation at 
that time. Quite severe societal restrictions were in place and the curve of daily infections 
from as early as 30 March 2020 was remarkably consistent with a Farr equation. The Farr 
Number for NSW was between 15 and 21. 

Limited societal restrictions were eased on 1 May but as of 8 May gatherings remained 
restricted to 4 adults: restaurants, pubs, cafes, sporting venues and most shops remained 
closed. 

                                                           
4 Noise in the data comes from many sources including variation in daily testing, variable times of reporting 
and infection not occurring on the date of test. 
5 Infections from the Ruby Princess cruise ship treated in NSW are removed from this data base 



 

Figure 1: Farr equation fitted to NSW data available to 30 March 

 

Figure 2: Situation as of 8 May 2020 

By early June restrictions had been eased to the extent that pubs, gyms, restaurants etc. 
were open but with restricted numbers and requirements for social distancing. All schools 
were open. 

Figure 3 shows the updated analysis using data to 3 June. The best fit Farr equation 
remained as per a month earlier. 



 

Figure 3: NSW data to 3 June 2020 

Any reasonable assessment of the NSW, and complete Australian data, must conclude that 
by skill and good fortune the country has, like New Zealand despite its sheep, weathered the 
storm brilliantly. 

South Africa 

There was an initial phase of infections centred on Cape Town in mid-March 2020. Severe 
restrictions were imposed.  

But Africa is not Australia, or New Zealand or South Korea and it is near impossible to 
imposed restrictions in sprawling, very-low income, settlements6.  

The early infections were brought by travellers from Europe, and were concentrated in the 
white community.  

I first analysed the South African data in late March when a 'peak' seemed to have been 
reached and a neat fit to a Farr equation could be made indicating a likely pattern similar to 
New South Wales. This was Phase 1. 

But the daily infection rate had only flattened to 'constant velocity' and was inconsistent with 
the Farr equation. At that time I questioned the optimism being expressed by South African 
politicians. By late April when I re-analysed the data, it was clear that the pattern was 
veering out of control. I fitted the orange curve in Figure 4 thinking I was being pessimistic, 
but as of 8 May the pattern had worsened substantially.  

                                                           
6 I am not sure what word to use to describe what in South Africa were called 'townships' and are now called 
'informal settlements'. The point is they are home to hundreds of thousands of people with very limited living 
space, water, power and sanitation. 



The Farr Number for Phase 1 in South Africa was 15, by 8 May it was Zero, meaning out of 
control and unpredictable 

 

Figure 4: Farr equations fitted to data from South Africa 

Updated analysis as of 4 June 2020 is given in Figure 5. The situation remains out of control, 
with extrapolation of the current best-fit Farr equation tentatively suggesting over half a 
million infections with a peak in mid-August 2020 



 

Figure 5: Re-analysis of South African data to 3 June 2020 

 

I make no value judgements on how that society has responded, but I must observe that Mr 
William Farr would probably tell us, from his 150 year-old grave, that this is not the time to lift 
restrictions. 

United Kingdom 

UK data are from the spreadsheet made available by the European Union because there is 
conflict between that published as positive test results by the UK and daily infections 
published by https://www.worldometers.info/coronavirus/country/uk/. 

Figure 6 gives the smoothed plot of UK daily infections as of early May. The data were noted 
as unusual inasmuch as, in engineering terms, there had been almost constant velocity 
since the beginning of April.  

https://www.worldometers.info/coronavirus/country/uk/


 

Figure 6: UK data from 1 March to 9 May 2020 with the best fit Farr Equation 

The "constant velocity' part of the UK pattern was similar to (albeit at a much higher scale) 
the constant velocity portion on the South African data in the last week of March and the 2nd 
week of April.  I noted at the time that it was impossible to know whether the UK would take 
off as did South Africa, or follow the Farr-type curve downwards to something akin to 
normality. The Farr Number for the UK was about 2, meaning Poor Control and 
Unpredictable. 

Re-analysis of the data to 3 June is presented in Figure 7. It transpires that the constant 
velocity behaviour observed in the early-may analyses has been followed by a sustained 
drop in the infection rate. The Farr equation 'prediction' of early-May was remarkably 
prescient. 

 

Figure 7: UK data to 3 June 2020 



Sweden 

I first analysed the Swedish data to 28 April and fitted the Farr equation shown in Figure 8. I 
commented at the time that it looked as if the 'Swedish experiment' was possibly working. 

 

Figure 8: Swedish data to 28 April 

Figure 9 shows analysis of the data to 9 May (i.e. a further 11 days data). I was no longer 
confident that the Swedish experiment was working.  

 

Figure 7: Re-analysis of Swedish data to 9 May. 

Re-analysis of the data to 3 June is as per Figure 8. It is pretty clear the experiment has not 
worked, and the situation is out of control. I note also that the death rate is about 10% of 
infections, which is surprisingly high. 



 

Figure 8: Swedish data to 3 June 

Japan 

Analysis of the Japanese data as of early May is given in Figure 9.  

There had been two Phases at that time.  

The 1st phase was a source of much praise being directed for the Japanese control, and 
speculation about how traditional cultural behaviours may have helped. Phase 2 has shown 
that one must not trivialise Covid19, although this second phase also seemed to be 
controlled. The Farr Number for the 1st phase was 34. For the second phase it was 10. 

 

 

Figure 9: Two phases of the Japanese epidemic as of 9 May 



Re-analysis of the data to 3 June is given in Figure 10. In essence nothing has changed in 
respect of the effectiveness of controls in that country. 

 

Figure 10: Re-analysis of Japanese data to 3 June 

 

4. CONCLUSION 

The work of William Farr from the mid-1800's appears, on the basis of analyses of factual 
data from the Covid 19 epidemic, to provide a good basis for measuring the effectiveness of 
societal controls on the spread of the epidemic. The model shows that "epidemics and 
outbreaks do not peak and end simply due to depletion of susceptibles, but because of a 
complex constellation of public health actions and behavioural changes that may modify an 
epidemic and reduce the effective reproduction number" (Santillana et al, 2018) 

 

PJNP 
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APPENDIX A 

FARR'S LAW 

 

Around 1840, a Mr Thomas Farr of Shropshire, studied epidemics and came up with the 
finding, now known as Farr’s Law, which showed that  epidemic infections, in terms of new 
daily cases,  follow a ‘bell’ shaped curve, viz: 

 

 

This has been shown to be true in most epidemics, whether SARS, Ebola or AIDS. 

He defined two ratios; the first is only required in order to work out the second. An 8 year old 
can do the sums. The 1st ratio is today's infections divided by yesterday’s infections – for 
each successive day. The 2nd ratio, also by an 8 year old, is the one that matters. It is todays 
1st ratio divided by yesterday’s 1st ratio.  

Farr stated that the second ratio would be close to a constant for any particular epidemic in 
any particular area (this being a property of the bell shaped curve). 

 As the 2018 paper discussed in the main text states, “Farr was famously vague about the 
mathematical underpinnings of his projections…” It was up to a Dr Brownlee in 1915 to work 
out what Farr had actually done. 

He showed that Farr's equation for the bell-shaped curve is as shown in Figure A1 



 

Figure A1: Farr's equation as per Brownlee 1915 

 

The equation allows for three constants which affect the shape and height of the bell.  Farr’s 
Ratio depends only on Constant A. Flattening the curve, as we are encouraged to do is 
simply expressed by A. 

This single number can enable policy makers to decide, clinically, on the basis of limited 
data, whether controls can be relaxed or greater controls implemented. They do not have to 
guess. They may have to balance economics versus infections, but the two sides of the see-
saw are computable. That is why William Farr was a genius. 

 

 

 


