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Urban Equations

For the Susceptible population (), the initial value is equal to Total Population—
InitialInfected (N — N;). The change in the ratio of susceptible individuals s
to the total population N (i.e., S/N) over time (measured in days) is equal to
the following:

)y 0
Where I; is only used if the total number of people that have been infected
Totallnfected (N) is less than a ratio of the N referred to as MaxInfected Ratio
(a1). The formula for Iy is the following:

If:CXT;[IXS @)
Where [ is the number of Infectious individuals, ¢ is the Contact Rate of
individuals 1 person will contact in a day, and 7 is the Infectivity percent
chance a Susceptible individual will contract the infection once they’ve been in
contact with an infected individual. The initial value for I is equal to N; and
the change in the ratio ¢ (i.e., I/N) over time is defined as follows:

%:If_Hf_Rf (3)
Where H; is the HospitalizationFlow of infected individuals that require

hospitalization and is defined as follows:

Hf:IfXOQ (4)

Where as is the Hospitalization Rate percent of infected individuals that will
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need to go to the hospital. As for Ry, that is the RecoveredFlow of individuals

who recovered from the infection and is defined as follows:

Ry =i— Hy (5)

This leads to an intermediate state where the individual stays for v days
(AveragelllnessDuration) before finally going to the Recovered state. This is
to simulate the number of days that an infected individual will need to recover
from the infection as they are still counted as being in the In fectious population
for this time period.

The number of InfectedHospitalized individuals that have been sent to the
hospital is referred to as i, and the change over time for this population is

defined as follows:

d(ih)
dt

Where 1,5 is the In fectedW ardFlow of hospitalized individuals that need

to go to the ward and is defined as follows:

=Hp—TLos = ley — Hug (6)

wa = ’ih X (3 (7)

Where a3 is the WardRate percent of hospitalized individuals that will need
to go to the ward. I s is the InfectedlcuFlow of hospitalized individuals that
need to go to the ICU and is defined as follows:

Icf:ih X Oy (8)

Where ay is the IcuRate percent of hospitalized individuals that will need to
go to the ICU. H,y is the HospitalizedDeathFlow of hospitalized individuals

who will die from the infection defined as follows:

fo = ih X (12 (9)

Where a5 is the HospitalizedDeath Rate percent of hospitalized individuals
who will die from the infection. Note that the summation of oy, ay (IcuRate),
and ag (WardRate) cannot exceed 1.00. This flow leads to an intermediate
state where the individuals stay for v, days (AverageHospitalizationDeathDuration)
before moving to the Death state.

The InfectedW ard number of individuals in the ward is referred to as i,



and the change over time for this population is defined as follows:

d(iw)
dt
Where I,y is the InfectedlculWardFlow of individuals moving from the
ICU to the ward and is defined as follows:

:Icro+Icwf+wa_Irf_Iwcf (10)

Icwf :ic+lcf_lzf (11)

This leads to an intermediate state where the individual stays for a5 days
(IcuStayRate) before finally going to the InfectedWard state. This is to
simulate the surviving individuals’ stay in the ICU as they are still counted
as being in the Infectedlcu population for this time period. Once reaching
the InfectedWard state, the individuals are, again, kept in an intermediate
state where, over the course of ay1 days (DischargeStayDuration), they are
finally moved to the Recovered state. This is to simulate the post-discharged
recovery duration for an ICU patient as they are still counted as being in
the InfectedWard population for this time period. I, is the DeathFlow of

individuals moving to the death state and is defined as follows:

Lp = (ic + Iy) % ag (12)

Where ag is the DeathRate percent chance that an individual in the ICU
will die, and, lastly, I,y is the InfectedW ardIcuFlow of individuals moving
from the ward to the ICU and is defined as follows:

Lycy =t X Qg (13)

Where ag is the WardTolcuRate percent of individuals that will need to
move from the ward state to the ICU state.
Next, I,¢ is the InfectedRecoveredFlow of individuals moving from the

ward to the recovered state and is defined as follows:

Lig =i — Luer (14)

This leads to an intermediate state where the individual stays for a1¢ days
(Hospital StayDuration) before finally going to the Recovered state. This is
to simulate the ward individuals’ stay as they are still counted as being in the

InfectedW ard population for this time period.



The Infectedlcu individuals in the ICU is referred to as i. and the change

over time for this population is defined as follows:

d(ic)

dt = lef +rIcf +Iwcf +TIwcf - Icwf - Tlcwf - wa - TIxf - Icro - Icmo

(15)
Where I, is only used when the i, population reaches its max capacity
MaxIcuCapacity (N.) where InfectedIcuRecoveryOver flow number of indi-

viduals is overflowed from the ICU to the ward state and is defined as follows:

Icro:ic+lcf+lwcf_lwf_Icwf_Nc_Icwo (16)

This leads to an intermediate state where the individual stays for ag days
(IcuOver flowRecoveryO f f set Duration) before finally going to the In fectedW ard
state. This is to simulate the individual taking g additional days on top of aqg
to recover as they are still counted as being in the InfectedW ard population
for this time period. I.;, is also only used when i. exceeds N, to overflow
InfectedlcuDeathOwver flow number of individuals to the death state and is

defined as follows:

Icrco = (Z(' +I('f +Iwcf - Ia:f - Icwf - N(') X (1 - 057) (17)

Where a7 is the IcuOver flow RecoveryRate percent chance that an individ-
ual, that needed to go to the ICU but would’ve exceeded the N, will survive.

Lastly, 71cf, rIyef, rlews, and 71, are used for incoming (rl.f +11ycr) and
outgoing (—rlycs — rlyy) rural patients in the urban ICU. By default, the
incoming rural flows are directed to the urban ICU. If the urban ICU would
become full with the incoming flow of rural patients, these flows are redirected
to the rural ICU. Within this logic, the model does try to transfer a portion of
the rural patients such that the urban ICU would not overflow if it’s possible
at all. This takes into account all of the other incoming flows to the urban
ICU when deciding this. For the outgoing flows, they are always applicable
to both the rural ICU and the rural patients in the urban ICU. Since this
population ultimately ends up back in the rural portion of our model, they do
not need to be considered when summing the differentials for the urban portion.
The definition for these variables are defined in Equations and
respectively.

The ratio of the total population of Recovered (R) individuals from the



infection to the total population is referred to as r (i.e., R/N)and the change
over time for this population is defined as follows:
d(r)
=R, +1, 18
o 4 Iy (18)
The population of InfectedDeath individuals that have died from the infec-
tion is referred to as x and the change over time for this population is defined as
follows:
d(x
Q: zf+Iczo+Hmf (19)
dt
Finally, let’s check that the differential equations add to zero- we will do two

at a time to follow it easily and make variables that cancel out red:

d(s d(i
7(t)+%—*1f+[f*Hf*Rf (20)
dli
—Hy— Ry + S:) =—Hy—Rp+ Hy —ILyg — Iy — Hyy (21)
R I I d(iw) =—-R I I H I 1 I I I
—if = wf_cf+ dt = —vf — Llwf — def — wf+ cro + cwf+ wf — Lrf 7 Lwef
(22)
—Rs — 1, I Tews —Is — 1 M——R —1I.r—H, 1
f cf+ cro t+ cwf rf wcf+ dt = f cf wf+ crot
I(:’luf - ITf - Iw(:f + I(:f + I’u:(:f - I(’/wf - IJ,f - I(:’I‘U - IC.’L‘O
(23)

d
_Rf - I’r‘f - sz —Iezo + % = _Rf - Hzf - Irf - Idf —Iepo + Rf + Irf
(24)

d
_Idf —Tezo + % = —llgf — I:rf —Iezo +Ia£j + Iego + H:cj =0 (25)



Rural Equations

Although identical to the urban equations, the rural equations have their
own, independent parameters that make defining them a necessity for com-
pleteness. The RuralSusceptible population (rS), the initial value is equal to
RuralTotal Population — RurallnitialInfected (rN —rN;). The change in the
ratio of susceptible individuals rs to the total population rN (i.e., rS/rN) over

time (measured in days) is equal to the following:

d(rs)
dt
Where rl¢ is only used if the total number of people that have been in-
fected RuralTotallnfected (rNy) is less than a ratio of the rN referred to as
RuralMazInfectedRatio (raq). The formula for riy is the following:

= —7“If (26)

TFexrr XxrlxrS
rN

Where r1 is the number of Ruralln fectious individuals, 7¢ is the RuralContact Rate

TIf = (27)

of individuals 1 person will contact in a day, and r7 is the Rurallnfectivity
percent chance a RuralSusceptible individual will contract the infection once
they’ve been in contact with an infected individual. The initial value for rI is
equal to rN; and the change in the ratio ri (i.e., rI/rN) over time is defined as

follows:
d(ri)
dt
Where rHy is the RuralHospitalizationFlow of infected individuals that

require hospitalization and is defined as follows:

=rly—rHf—rR 28
f ! !

rHy =rlf X rog (29)

Where rasg is the Rural HospitalizationRate percent of infected individuals
that will need to go to the hospital. As for 7R, that is the Rural RecoveredFlow

of individuals who recovered from the infection and is defined as follows:

rRy=ri—rH 30
f !

This leads to an intermediate state where the individual stays for rv days

(Rural AveragelllnessDuration) before finally going to the RuralRecovered



state. This is to simulate the number of days that an infected individual will
need to recover from the infection as they are still counted as being in the
Rurallnfectious population for this time period.

The number of RurallnfectedHospitalized individuals that have been sent
to the hospital is referred to as i, and the change over time for this population

is defined as follows:

d(?‘ih)
dt

Where 1, is the Ruralln fectedW ardFlow of hospitalized individuals that

need to go to the ward and is defined as follows:

ZTHf—T‘wa—TICf—THzf (31)

rly,p =rip X ras (32)

Where rag is the RuralWardRate percent of hospitalized individuals that
will need to go to the ward. 1. is the Ruralln fectedIcuFlow of hospitalized
individuals that need to go to the ICU and is defined as follows:

’I"Icf = Ti}L X rogy (33)

Where ray is the RurallcuRate percent of hospitalized individuals that will
need to go to the ICU. rHy is the RuralHospitalized DeathFlow of hospitalized

individuals who will die from the infection defined as follows:

rHyp =rip X rog (34)

Where rajs is the Rural HospitalizedDeath Rate percent of hospitalized in-
dividuals who will die from the infection. Note that the summation of raqs,
ray (RurallcuRate), and ras (RuralWardRate) cannot exceed 1.00. This
flow leads to an intermediate state where the individuals stay for rv, days
(Rural Average Hospitalization Death Duration) before moving to the Rural Death
state.

The RurallnfectedW ard number of individuals in the ward is referred to

as ri,, and the change over time for this population is defined as follows:

d(riy)
dt
Where 71, is the RurallnfectedIculW ardFlow of individuals moving from

= rIcro + Tlcwf + lef - rIrf - TIwcf (35)




the ICU to the ward and is defined as follows:

Tlewp =1ic +1lp —rlyy (36)

This leads to an intermediate state where the individual stays for ras days
(RurallcuStayRate) before finally going to the Ruralln fectedW ard state. This
is to simulate the surviving individuals’ stay in the ICU as they are still counted
as being in the Ruralln fectedIcu population for this time period. Once reaching
the Ruralln fectedW ard state, the individuals are, again, kept in an intermediate
state where, over the course of ray; days (RuralDischargeStayDuration), they
are finally moved to the RuralRecovered state. This is to simulate the post-
discharged recovery duration for an ICU patient as they are still counted as
being in the Ruralln fectedW ard population for this time period. rl;y is the
RuralDeathFlow of individuals moving to the death state and is defined as

follows:

rlpp = (ric+rlef) X rog (37)

Where rag is the DeathRate percent chance that an individual in the ICU
will die, and, lastly, 71,c¢ is the InfectedW ardlcuFlow of individuals moving
from the ward to the ICU and is defined as follows:

TLyef = Tiy X o (38)

Where rag is the RuralWardTolcuRate percent of individuals that will
need to move from the ward state to the ICU state.
Next, rl.¢ is the Rurallnfected RecoveredFlow of individuals moving from

the ward to the recovered state and is defined as follows:

TITf = Tiw - T‘Iwcf (39)

This leads to an intermediate state where the individual stays for ra;g days
(Rural Hospital Stay Duration) before finally going to the Rural Recovered state.
This is to simulate the ward individuals’ stay as they are still counted as being
in the RurallnfectedW ard population for this time period.

The Infectedlcu individuals in the ICU is referred to as ri. and the change



over time for this population is defined as follows:

d(ric)
dt

Where 1., is only used when the ri, population reaches its max capac-

= 7ﬁIcf + rIwcf + rIwcf - rIcwf - 7‘Iaxcf —1lero — Tlego (40)

ity RuralMazIcuCapacity (rN.) where Ruralln fectedIcuRecoveryOver flow
number of individuals is overflowed from the ICU to the ward state and is defined

as follows:

Tlero = 1ic +11ep + r1yey —r1yp — 1lewy — "Ne — 1lego (41)

This leads to an intermediate state where the individual stays for rag
days (RurallcuOver flowRecoveryO f f set Duration) before finally going to the
RurallnfectedWard state. This is to simulate the individual taking rag ad-
ditional days on top of v to recover as they are still counted as being in the
RurallnfectedW ard population for this time period. rl.;, is also only used
when ri. exceeds r N, to overflow Ruralln fectedIcuDeathOuver flow number of

individuals to the death state and is defined as follows:

Tlego = (ric + 11 + 1Lwes — rlpf — rlews — Ne) X (1 —rorr) (42)

Where raz is the RurallcuOver flowRecoveryRate percent chance that an
individual, that needed to go to the ICU but would’ve exceeded the r N, will
survive.

The ratio of the total population of RuralRecovered (rR) individuals from
the infection to the total population is referred to as rr (i.e., rR/rN)and the

change over time for this population is defined as follows:

d(rr)
dt
The population of Ruralln fectedDeath individuals that have died from the

infection is referred to as rx and the change over time for this population is

:?"Rf -l-TIrf (43)

defined as follows:

d(rx)
dt

= Twa + rIcmo + erf (44)



