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When will life return to something approaching normal? It will be mostly normal by mid/late-
October this year - five weeks from now. COVID 19 is an unusual virus hitting at an unusual 
time in history and has presented unique challenges for all to comprehend. These challenges 
are outlined below using a very simple virus model that has been around a long time, called 
a SIR1 model/method. Simpler is better when there are many unknown variables and this 
approach is easier for us to understand. 

The method allows us to focus on a known number at the beginning so that we can derive 
important unknown numbers, like herd immunity. We have calculated outcomes using the 
SIR method since late March and it has proven to be predictive with low error rates not 
only nationwide, but in 48 states individually. This gives us confidence in the method and the 
implications.  It predicts herd immunity levels around the corner with some caveats. 

Why can’t we simply ask the experts? There is widespread disagreement due primarily to the 
unique virus itself and the resulting variance in the possible outcomes. COVID 19 spreads 
invisibly in younger populations. These groups don’t get sick or tested if slightly sick, so there 
is no available data on the total cases of infection, the first of our many challenges. In the 
U.S., the Center for Disease Control (CDC) reports only tested cases that are positive for 
COVID, total tests done, deaths from COVID 19, and data on missing deaths. Efforts to track 
hospitalizations, age data, and infectious outbreaks are not consistent or often not timely. 
There is no other hard data source and most websites are all pulling U.S. data from the CDC. 
The CDC data is sourced from the States or territories. 

To be clear, no one knows total cases (including unreported) of COVID either presently or 
since the outbreak began in the U.S. Therefore, we don’t know where we are on the question 
of immunity of the population. Experts vary by 100% on the question; “When will the U.S. hit 
herd immunity (HI)?”. Even the definition of HI is complex. Differences in predictions can turn 
on issues such as the heterogeneity of the herd, a complex challenge for this particular virus. 
The herd itself changes as the vulnerable die or are isolated presenting another challenge. 
Outcomes depend on “which herd?”. This has led us to granular State data in an attempt to 
be as precise as possible and to be able to predict data by State from the model. Much of 
the contribution here is careful analysis of the States. 

 

1 Using a simple SIR model. (An S.I.R. model ((Susceptible, Infected, Recovered)) is an epidemiological model 
that computes the theoretical number of people infected with a contagious illness in a closed population over 
time. The name of this class of models derives from the fact that they involve coupled equations relating the 
number of susceptible people, number of people infected, and number of people who have recovered. One of 
the simplest SIR models is the Kermack-McKendrick model.) 
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Step 1. We start with COVID deaths as reported by each State’s authority - this means the 
data has to be put together from many sources to get it early and this is merely a data input 
challenge. This is the same data States report to the CDC. Then we adjust for excess deaths 
as calculated by the CDC, given the death reports of each State (available weekly). It is also 
important to look at each State because there are large variances State by State in the 
accuracy of COVID death cumulative totals.  

Why add in excess deaths from the CDC at all? We are in search of reality, not late reporting- 
another challenge. History (and 2020) shows that we have a sudden surge in total national 
deaths where cause of death is “unknown”. This has proven in the data to end up in actual 
COVID reported deaths later. It is largely from States being overwhelmed in their reporting. 
Catching up takes about 4-8 weeks. Picking this up early gives us greater predictive power 
earlier. While it is possible total COVID deaths used in this analysis exceed actual COVID 
deaths by a small amount, it does not change the outcome of the prediction. 

The chart below is actual deaths by day since March adjusted for excess deaths as reported 
by CDC.  Also, it shows our projection using the SIR model to predict the future. Total US 
deaths from COVID are now 253,000 (plus or minus 20,000), not the reported 191,000. You 
can see there was no large second wave of deaths in the chart. The death total daily will 
continue to collapse into November unless there is a massive surge in total cases, an 
outcome that is unlikely. 
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Step 2: We use the hard data of deaths to estimate cases (reported and unreported). 
How many people had to be infected to get to 253,000 deaths? This is as simple as dividing 
253,000 deaths by the Infection Fatality Rate (IFR). The IFR is also unknown, but it is heavily 
studied, and a consensus has developed around .5%. The variance is high, and it is age 
dependent. It changes as the herd changes. IFR tends to decline as treatments, safety 
precautions, and the death of the vulnerable take place, all challenges to prediction. Using 
.5% or .005 is conservative since we know missing data on cases is coming from young 
people with few symptoms. Studies do not always use this larger cohort. 

The total number of people who got infected since inception is computed as 253,000/.005 or 
U.S. cumulative total Caseload = 51.3 million as of September 10. This is about 8 - 9x of 
reported cases. In July, the CDC said actual total cases could be as high as 10x reported 
cases. Presumably, they did the same simple math and this number is not disputed. It does 
not matter to the outcome whether cases are 60 million or 40 million, the same conclusions 
below are valid. As you can see from the daily total cases chart below, there was no second 
wave of total cases, just reported cases.  We can also see that total cases are beginning to 
bear some resemblance to reported cases. 
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 Step 3: Estimate immunity: Do these 51 million people have immunity? Again, we are 
forced into studies. Younger populations who were exposed but never were infected had 
some innate immunity or strong immune systems. Others were infected and became 
infectious possibly never realizing they were infecting people. Others were very sick for 
longer periods of time and perhaps infected many people before the onset of their symptoms. 
Studies point to those who were infected and recovered having good immunity. There are no 
studies suggesting no immunity. We do not know how long it will last. We do at this point 
know widespread cases occurred where people survived, and the fatality rate is tragic but 
manageable. Therefore, we say there is widespread immunity in the 51 million people. 
 

Step 4: Estimate how many days the infected are infectious (contagious). The studied 
range is wide, but the developed consensus is around 12 days. However, the variance is 
large by State and age presenting a difficult challenge to epidemiologists from the outset. If 
we move from 12 to 11 days, we have a ten percent change and it’s the denominator. This 
makes it an important value. We know that as the virus has progressed, the estimates of 
infectious days has tended to decline. It is more conservative to estimate a longer time of 
infectiousness. Therefore we use 12 days, a safe number. 

 
Step 5: Estimate how many encounters an infectious person has per day. There is no 
good observable data set. Again, we start with hard data of reported total deaths which we 
can use to derive the current infections. Every day we get a new death number. Since we 
have confidence in the death number and we have confidence in the infectious period (12 
days), we adjust the encounter value such that the model’s death value matches the current 
actual death value today. This is a derived encounter number based on already reliable data. 
It is simple math.  
 

Step 6: Estimate R: We started this discussion saying the virus presents unique a challenge 
due to the variability of the data. This implies we don’t know R- the reproductive 
(infectiousness) ratio- as an input. Therefore in our model, R is an output. What is R? This 
poorly understood ratio is simply the same as any reproduction- it requires encounters and it 
takes into consideration how long a period those encounters could take place measured in 
days. Reproduction is encounters/days available. When we consider we cannot infect 1.2 
people, we understand that using large population samples, averages are needed to get to 
partial infections. Notice the two inputs to R; a) encounters and B) days infectious are already 
derived or estimated above. 
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There are various measures of R and it is worth covering some of this to understand it. 
Theoretically, we get to a 1.0 R and there are no encounters because no one is infectious 
and/or there is no one nearby to infect. However, in a world of 200 countries with COVID 19 
and a virus that can survive outside humans for a while, there is no realistic end- maybe ever. 
It will pop up somewhere again once it is this widespread in the world. No one should try to 
declare there is no virus anywhere or that the vulnerable are no longer ever vulnerable. 
However, there is an effective end, where life can go on and we should believe we can live 
without worry. For risk managers, we think of this as a long tail on the Pandemic. Effectively 
we can reach herd immunity, but we can also see repeated small outbreaks that do not 
require full scale lockdowns everywhere. 

The model’s output of R is available by State. We reevaluate this output after time has passed 
to ensure the model is on track. We derive the average R for the period being considered. It 
has been quite accurately predicting trends to within 10 days in every State. Having this data 
by State allows us to look granularly at what happened over time. New York’s R was 
extremely high for a time and is not relevant looking forward. We cannot conclude that R is 
high because 51 million people got infected and we did not know. What we want to know is 
current R. The national actual R number below is 1.45 weighted by population since the 
outbreak began. Today’s R is far lower, and many States are at or near herd immunity. 
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Step 7: Estimate herd immunity: The standard is to simply compute herd immunity from 
the Reproduction Ratio, R. If R is 1.45 average since the outbreak began, then the simple 
computation is 1- 1/R or 1- 1/1.45 = .31. This means 31% of the total population must have 
immunity for R to crash to 1. This becomes automatic as a reversal of the expansion outbreak 
as there is not enough virus around or people to infect. Our model began predicting this early 
on simply because it is using total cases to predict when this will happen. The popular press 
is still reporting herd immunity as 70% of the population- a number that came from early 
reports when R was very high in tight urban settings. This number is no longer relevant. 
Conservative epidemiologists are using 50%. An important study of heterogeneity shows how 
it can be as low as 20%. Sweden is near herd immunity and our computations show them at 
19%. 

Evaluating the HI point for an entire Country like the U.S. is far more imprecise than 
evaluating it State by State. Predicting is impacted by how the Herd population is defined. 
We can think of the U.S. as having two main herds. One, we call the Barn herd, is a population 
of people circulating in the economy and coming in contact with many people. The group has 
higher density and is mainly an urban population. It includes people pushed together in 
healthcare facilities, people who must go to a workplace with others- such as construction, 
and people who feel safe enough to move freely about because they are young. The second 
herd is in the distance economy. We call this the pasture herd. People are working from home 
engaging with very small numbers of people or they are retired and going nowhere. This split 
economy is unprecedented in a Pandemic scenario. It has implications for how HI plays out. 

If we use only the barn herd of 115 million people, 51 million total infections measured against 
this is 51/115 = 44.3% and we can predict this group is clearly at herd immunity. The chart 
of total cumulative infections below is the total of 330 million Americans. When cut in half, 
the US herd immunity for the Barn herd moves way forward and probably explains the 
collapse in reported cases that began in July. The line began to bend in August showing 
declining rate of infection. If the pasture herd is at limited risk in isolation and a very low R, 
we can see why the two-herd approach may be more accurate. As the pasture herd returns 
to work and begins the integration to the riskier group, the question is whether this will result 
in the predicted large outbreak, especially in November when flu season begins. Our answer 
is no, there will be no large outbreak though there will be reported cases as people get sick 
with the flu and get tested for COVID 19. This is likely to create a mania of concern by late 
November. 
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Why no November outbreak? A flu driven outbreak would happen as temperatures break 
below 50 degrees. Low population areas such as Montana are not a concern, but the 
Northeast is a concern. Average temperatures of this type do not hit New York City until mid-
November. The Great Lakes cities are three weeks earlier. We can predict that if this 
outbreak happens, it will not be in full swing until about November 15. This is a month after 
our herd immunity models for the entire U.S. show full immunity. And we will still have at least 
50 million people sheltering in the pasture. Using 330 million U.S. herd, we see the entire 
herd will have 57 million infections = 57/330=.172.  At that point the model is already flatlined 
with R crashing toward 1 for the whole country. An R at that point of 1.2 = 1 -1/1.2 = .18 or 
18% about the same as our model is showing for total herd immunity.  

The prediction of no significant November outbreak assumes people continue behaviors of 
washing hands, wearing masks, exercising some caution, and probably also some of the 
U.S. herd remaining in pasture until then. Our CDC is right to warn to remain alert. We must 
also protect the vulnerable indefinitely. But we can now also sell some of those ventilators. 
Something close to normal is around the corner. 

Mari Kooi 
September 2020 


