Modelling the Coronavirus
Like many of us I’ve been following the news reports (and the miss-information) about the pandemic currently unfolding.  One of the nagging questions that hasn’t been addressed much is, “When will it be over?”  Because I could, and because I have time, I set out to model the timeline of the outbreaks.  There are some interesting things that can be observed.
The Model
A common model for spread of disease is known as the SIR (Susceptible, Infected, Recovered) model.  This is basically what I’ve built although my terminology is different because the model was “home grown” before I saw the post from Alan Stevens on the PTC Mathcad community.  From the news media I gathered some basic information:
· Symptoms typically last about two weeks.  (This does not address the number of serious cases that take much longer.)
· The death rate is about 3.4%.
· The virus in China started in November or December 2019.
· China initiated steps to contain the contagion in early February.
Based on the typical duration, the model steps in two week increments.  The model initializes on 11/1/2019, this is purely arbitrary but it puts the timeline close to correct.  The model assumptions are simple:
· Initially there is a total unexposed population and one infected person.
· At the end of each two week cycle the infected are either now immune or dead.
· The infection rate depends on the fraction of current to initial unexposed and the number of infected in the last cycle.
Given what China (and South Korea) have done, the model plotted these results:

Figure 1: China and S Korea
Because China “flattened the curve,” fatalities claim about 1% of the population; but 46% of the population remains unexposed, only 22% are immune.  If the virus were left to run its course without intervention:

Figure 2: China unconstrained
4% of the population (remember 3.4%) would die but everybody would have been exposed, and the survivors would now be immune.  (We think.)
What about Italy?  Well, they have started out badly, then really tightened down, and the population is older and more of them smoke.  Raising the death rate to 6%, and tightening the infection rate presents:

Figure 3:  Italy
Italy will lose 3% (even if their death rate is higher) and leave 12% of the population unexposed.
Finally, the United States:

Figure 4:  United States
[bookmark: _GoBack]The assumption is that we can cut our infection rate by 60%.  If so, we will have 3% dead, 25% still unexposed, 72% immune.  We can expect to be out of it by June 2020.
Coronavirus

Unexposed	43770	43784	43798	43812	43826	43840	43854	43868	43882	43896	43910	43924	43938	43952	43966	43980	43994	44008	44022	44036	44050	44064	44078	44092	44106	44120	44134	44148	44162	44176	44190	44204	44218	44232	44246	1	0.99980000000000002	0.99905015999999991	0.99590367888010245	0.98321708815124731	0.96201733193025085	0.92724369756021063	0.87243432822646205	0.79107661765605186	0.68166661387779859	0.55488495420272554	0.4352748065049567	0.34678128398215596	0.29461572220489635	0.26851367522641284	0.25666946694282594	0.25149425394778135	0.24932433412660465	0.24845664847481658	0.2481015506709229	0.24798194497610676	0.24792915316013023	0.24792013950507791	0.24793741486928647	0.24794469544788261	0.24794776409954938	0.24794905754292032	0.24794960274171407	0.24794983254994185	0.24794992941733635	0.24794997024835702	0.24794998745923769	0.24794999471388091	0.24794999777182147	0.24794999906078938	Infected	43770	43784	43798	43812	43826	43840	43854	43868	43882	43896	43910	43924	43938	43952	43966	43980	43994	44008	44022	44036	44050	44064	44078	44092	44106	44120	44134	44148	44162	44176	44190	44204	44218	44232	44246	5.0000000000000002E-5	2.0000000000000001E-4	7.9984000000000001E-4	3.1963211198975999E-3	1.2732911848752755E-2	2.1282668069749239E-2	3.4806302439789411E-2	5.4865671773537836E-2	8.1373382343948072E-2	0.10943338612220131	0.12681504579727451	0.11962519349504326	8.8518716017844029E-2	5.2184277795103637E-2	2.6136324773587172E-2	1.1930533057173957E-2	5.2057460522186251E-3	2.2256658733953629E-3	9.4335152518343151E-4	3.9844932907715923E-4	1.6805502389331448E-4	7.0846839869719363E-5	2.9860494922050485E-5	1.2585130713501225E-5	5.304552117325839E-6	2.2359004506702193E-6	9.4245707973785466E-7	3.9725828598261182E-7	1.6745005813191281E-7	7.0582663586285884E-8	2.9751642972322208E-8	1.2540762282705953E-8	5.2861191462345772E-9	2.2281784644218737E-9	9.3921063699066116E-10	Immune	43770	43784	43798	43812	43826	43840	43854	43868	43882	43896	43910	43924	43938	43952	43966	43980	43994	44008	44022	44036	44050	44064	44078	44092	44106	44120	44134	44148	44162	44176	44190	44204	44218	44232	44246	0	0	1.4999999999999999E-4	8.9999999999999998E-4	3.9500000000000004E-3	1.6199999999999999E-2	3.6749999999999998E-2	7.0349999999999996E-2	0.12335	0.20194999999999999	0.30764999999999998	0.43014999999999998	0.54569999999999996	0.63119999999999998	0.68159999999999998	0.70679999999999998	0.71830000000000005	0.72330000000000005	0.72540000000000004	0.72629999999999995	0.72665000000000002	0.7268	0.72685	0.72685	0.72685	0.72685	0.72685	0.72685	0.72685	0.72685	0.72685	0.72685	0.72685	0.72685	0.72685	Dead	43770	43784	43798	43812	43826	43840	43854	43868	43882	43896	43910	43924	43938	43952	43966	43980	43994	44008	44022	44036	44050	44064	44078	44092	44106	44120	44134	44148	44162	44176	44190	44204	44218	44232	44246	0	0	0	0	1E-4	5.0000000000000001E-4	1.1999999999999999E-3	2.3500000000000001E-3	4.1999999999999997E-3	6.9499999999999996E-3	1.065E-2	1.495E-2	1.9E-2	2.1999999999999999E-2	2.375E-2	2.46E-2	2.5000000000000001E-2	2.5149999999999999E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	



Coronavirus

Unexposed	43770	43784	43798	43812	43826	43840	43854	43868	43882	43896	43910	43924	43938	43952	43966	43980	43994	44008	44022	44036	44050	44064	44078	44092	44106	44120	44134	44148	44162	44176	44190	44204	44218	44232	44246	1	0.99980000000000002	0.99905015999999991	0.99590367888010245	0.98321708815124731	0.96201733193025085	0.92724369756021063	0.87243432822646205	0.79107661765605186	0.68166661387779859	0.55488495420272554	0.4352748065049567	0.34678128398215596	0.29461572220489635	0.26851367522641284	0.25666946694282594	0.25149425394778135	0.24932433412660465	0.24845664847481658	0.2481015506709229	0.24798194497610676	0.24792915316013023	0.24792013950507791	0.24793741486928647	0.24794469544788261	0.24794776409954938	0.24794905754292032	0.24794960274171407	0.24794983254994185	0.24794992941733635	0.24794997024835702	0.24794998745923769	0.24794999471388091	0.24794999777182147	0.24794999906078938	Infected	43770	43784	43798	43812	43826	43840	43854	43868	43882	43896	43910	43924	43938	43952	43966	43980	43994	44008	44022	44036	44050	44064	44078	44092	44106	44120	44134	44148	44162	44176	44190	44204	44218	44232	44246	5.0000000000000002E-5	2.0000000000000001E-4	7.9984000000000001E-4	3.1963211198975999E-3	1.2732911848752755E-2	2.1282668069749239E-2	3.4806302439789411E-2	5.4865671773537836E-2	8.1373382343948072E-2	0.10943338612220131	0.12681504579727451	0.11962519349504326	8.8518716017844029E-2	5.2184277795103637E-2	2.6136324773587172E-2	1.1930533057173957E-2	5.2057460522186251E-3	2.2256658733953629E-3	9.4335152518343151E-4	3.9844932907715923E-4	1.6805502389331448E-4	7.0846839869719363E-5	2.9860494922050485E-5	1.2585130713501225E-5	5.304552117325839E-6	2.2359004506702193E-6	9.4245707973785466E-7	3.9725828598261182E-7	1.6745005813191281E-7	7.0582663586285884E-8	2.9751642972322208E-8	1.2540762282705953E-8	5.2861191462345772E-9	2.2281784644218737E-9	9.3921063699066116E-10	Immune	43770	43784	43798	43812	43826	43840	43854	43868	43882	43896	43910	43924	43938	43952	43966	43980	43994	44008	44022	44036	44050	44064	44078	44092	44106	44120	44134	44148	44162	44176	44190	44204	44218	44232	44246	0	0	1.4999999999999999E-4	8.9999999999999998E-4	3.9500000000000004E-3	1.6199999999999999E-2	3.6749999999999998E-2	7.0349999999999996E-2	0.12335	0.20194999999999999	0.30764999999999998	0.43014999999999998	0.54569999999999996	0.63119999999999998	0.68159999999999998	0.70679999999999998	0.71830000000000005	0.72330000000000005	0.72540000000000004	0.72629999999999995	0.72665000000000002	0.7268	0.72685	0.72685	0.72685	0.72685	0.72685	0.72685	0.72685	0.72685	0.72685	0.72685	0.72685	0.72685	0.72685	Dead	43770	43784	43798	43812	43826	43840	43854	43868	43882	43896	43910	43924	43938	43952	43966	43980	43994	44008	44022	44036	44050	44064	44078	44092	44106	44120	44134	44148	44162	44176	44190	44204	44218	44232	44246	0	0	0	0	1E-4	5.0000000000000001E-4	1.1999999999999999E-3	2.3500000000000001E-3	4.1999999999999997E-3	6.9499999999999996E-3	1.065E-2	1.495E-2	1.9E-2	2.1999999999999999E-2	2.375E-2	2.46E-2	2.5000000000000001E-2	2.5149999999999999E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	



Coronavirus

Unexposed	43770	43784	43798	43812	43826	43840	43854	43868	43882	43896	43910	43924	43938	43952	43966	43980	43994	44008	44022	44036	44050	44064	44078	44092	44106	44120	44134	44148	44162	44176	44190	44204	44218	44232	44246	1	0.99980000000000002	0.99905015999999991	0.99590367888010245	0.98321708815124731	0.96201733193025085	0.92724369756021063	0.87243432822646205	0.79107661765605186	0.68166661387779859	0.55488495420272554	0.4352748065049567	0.34678128398215596	0.29461572220489635	0.26851367522641284	0.25666946694282594	0.25149425394778135	0.24932433412660465	0.24845664847481658	0.2481015506709229	0.24798194497610676	0.24792915316013023	0.24792013950507791	0.24793741486928647	0.24794469544788261	0.24794776409954938	0.24794905754292032	0.24794960274171407	0.24794983254994185	0.24794992941733635	0.24794997024835702	0.24794998745923769	0.24794999471388091	0.24794999777182147	0.24794999906078938	Infected	43770	43784	43798	43812	43826	43840	43854	43868	43882	43896	43910	43924	43938	43952	43966	43980	43994	44008	44022	44036	44050	44064	44078	44092	44106	44120	44134	44148	44162	44176	44190	44204	44218	44232	44246	5.0000000000000002E-5	2.0000000000000001E-4	7.9984000000000001E-4	3.1963211198975999E-3	1.2732911848752755E-2	2.1282668069749239E-2	3.4806302439789411E-2	5.4865671773537836E-2	8.1373382343948072E-2	0.10943338612220131	0.12681504579727451	0.11962519349504326	8.8518716017844029E-2	5.2184277795103637E-2	2.6136324773587172E-2	1.1930533057173957E-2	5.2057460522186251E-3	2.2256658733953629E-3	9.4335152518343151E-4	3.9844932907715923E-4	1.6805502389331448E-4	7.0846839869719363E-5	2.9860494922050485E-5	1.2585130713501225E-5	5.304552117325839E-6	2.2359004506702193E-6	9.4245707973785466E-7	3.9725828598261182E-7	1.6745005813191281E-7	7.0582663586285884E-8	2.9751642972322208E-8	1.2540762282705953E-8	5.2861191462345772E-9	2.2281784644218737E-9	9.3921063699066116E-10	Immune	43770	43784	43798	43812	43826	43840	43854	43868	43882	43896	43910	43924	43938	43952	43966	43980	43994	44008	44022	44036	44050	44064	44078	44092	44106	44120	44134	44148	44162	44176	44190	44204	44218	44232	44246	0	0	1.4999999999999999E-4	8.9999999999999998E-4	3.9500000000000004E-3	1.6199999999999999E-2	3.6749999999999998E-2	7.0349999999999996E-2	0.12335	0.20194999999999999	0.30764999999999998	0.43014999999999998	0.54569999999999996	0.63119999999999998	0.68159999999999998	0.70679999999999998	0.71830000000000005	0.72330000000000005	0.72540000000000004	0.72629999999999995	0.72665000000000002	0.7268	0.72685	0.72685	0.72685	0.72685	0.72685	0.72685	0.72685	0.72685	0.72685	0.72685	0.72685	0.72685	0.72685	Dead	43770	43784	43798	43812	43826	43840	43854	43868	43882	43896	43910	43924	43938	43952	43966	43980	43994	44008	44022	44036	44050	44064	44078	44092	44106	44120	44134	44148	44162	44176	44190	44204	44218	44232	44246	0	0	0	0	1E-4	5.0000000000000001E-4	1.1999999999999999E-3	2.3500000000000001E-3	4.1999999999999997E-3	6.9499999999999996E-3	1.065E-2	1.495E-2	1.9E-2	2.1999999999999999E-2	2.375E-2	2.46E-2	2.5000000000000001E-2	2.5149999999999999E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	



Coronavirus

Unexposed	43770	43784	43798	43812	43826	43840	43854	43868	43882	43896	43910	43924	43938	43952	43966	43980	43994	44008	44022	44036	44050	44064	44078	44092	44106	44120	44134	44148	44162	44176	44190	44204	44218	44232	44246	1	0.99980000000000002	0.99905015999999991	0.99590367888010245	0.98321708815124731	0.96201733193025085	0.92724369756021063	0.87243432822646205	0.79107661765605186	0.68166661387779859	0.55488495420272554	0.4352748065049567	0.34678128398215596	0.29461572220489635	0.26851367522641284	0.25666946694282594	0.25149425394778135	0.24932433412660465	0.24845664847481658	0.2481015506709229	0.24798194497610676	0.24792915316013023	0.24792013950507791	0.24793741486928647	0.24794469544788261	0.24794776409954938	0.24794905754292032	0.24794960274171407	0.24794983254994185	0.24794992941733635	0.24794997024835702	0.24794998745923769	0.24794999471388091	0.24794999777182147	0.24794999906078938	Infected	43770	43784	43798	43812	43826	43840	43854	43868	43882	43896	43910	43924	43938	43952	43966	43980	43994	44008	44022	44036	44050	44064	44078	44092	44106	44120	44134	44148	44162	44176	44190	44204	44218	44232	44246	5.0000000000000002E-5	2.0000000000000001E-4	7.9984000000000001E-4	3.1963211198975999E-3	1.2732911848752755E-2	2.1282668069749239E-2	3.4806302439789411E-2	5.4865671773537836E-2	8.1373382343948072E-2	0.10943338612220131	0.12681504579727451	0.11962519349504326	8.8518716017844029E-2	5.2184277795103637E-2	2.6136324773587172E-2	1.1930533057173957E-2	5.2057460522186251E-3	2.2256658733953629E-3	9.4335152518343151E-4	3.9844932907715923E-4	1.6805502389331448E-4	7.0846839869719363E-5	2.9860494922050485E-5	1.2585130713501225E-5	5.304552117325839E-6	2.2359004506702193E-6	9.4245707973785466E-7	3.9725828598261182E-7	1.6745005813191281E-7	7.0582663586285884E-8	2.9751642972322208E-8	1.2540762282705953E-8	5.2861191462345772E-9	2.2281784644218737E-9	9.3921063699066116E-10	Immune	43770	43784	43798	43812	43826	43840	43854	43868	43882	43896	43910	43924	43938	43952	43966	43980	43994	44008	44022	44036	44050	44064	44078	44092	44106	44120	44134	44148	44162	44176	44190	44204	44218	44232	44246	0	0	1.4999999999999999E-4	8.9999999999999998E-4	3.9500000000000004E-3	1.6199999999999999E-2	3.6749999999999998E-2	7.0349999999999996E-2	0.12335	0.20194999999999999	0.30764999999999998	0.43014999999999998	0.54569999999999996	0.63119999999999998	0.68159999999999998	0.70679999999999998	0.71830000000000005	0.72330000000000005	0.72540000000000004	0.72629999999999995	0.72665000000000002	0.7268	0.72685	0.72685	0.72685	0.72685	0.72685	0.72685	0.72685	0.72685	0.72685	0.72685	0.72685	0.72685	0.72685	Dead	43770	43784	43798	43812	43826	43840	43854	43868	43882	43896	43910	43924	43938	43952	43966	43980	43994	44008	44022	44036	44050	44064	44078	44092	44106	44120	44134	44148	44162	44176	44190	44204	44218	44232	44246	0	0	0	0	1E-4	5.0000000000000001E-4	1.1999999999999999E-3	2.3500000000000001E-3	4.1999999999999997E-3	6.9499999999999996E-3	1.065E-2	1.495E-2	1.9E-2	2.1999999999999999E-2	2.375E-2	2.46E-2	2.5000000000000001E-2	2.5149999999999999E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	2.52E-2	



