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A simple model that captures the dynamics
of an infectious disease- SARS
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Step 1: Open A New Model

® VensimPLE File Edit View Layout Model Optior
800
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Step 2: Initial Settings

Model Settings - use Sketch to set init

Info/Pswd Sketch Units Eguiv

Time Bounds for Model

INITIAL TIME = a
FINALTIME= 120
TIME STEP = 0.25] '
(¥ Save results every TIME STEP ﬁ
or use SAVEPER =
Units for Time Day
Integration Type | Euler s |

NOTE: To change later use Model=Settings or edit the eguations for tr



Step 3: Save As “SARS Tutorial F12”

e E_% AR Curren 4
E> I £ mr LS T, i . ‘Hak — W e - b S

AR Mame of file to save as
C

£

Save As: SARS_Tutorial_F12 - =

Where: | | 7 Documents =

Format: | Vensim Models =

Cancel | Save |
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Step 4: Load SARSDATA.vdf

iR % M@-

AN Control Panel

| Variable = Time Axis = Scaling

| Available - Info.. | | Loaded - Info... |
Base SARSDATA
Current 4

| >

e

Half Frequency

| Delete Load From...

' Keep on top




----Warning----

e We will compare our simulation data to the actual/historical
data in this file, so variable names need to match EXACTLY

e SARSDATA has 2 variables, those names have to match:
— New Reported Cases
— Cumulative Reported Cases

\s

T "E g Cumulative
New Reported Eeported Cases
Cases




Step 5: Population Susceptible to SARS

(stock)
S EEH & i Current
pe @M b G = con @ w2
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R
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% SARS



Step 6: Population Infected with SARS

(stock/level)
% EH & Y B @ jﬂ Current i i 1.'.'{‘ A
o @M G = ch & w12
@
3, Population Population
A Susceptible to Infected with
% SARS SARS




Step 7: Infection Rate (flow/rate)

H ﬁ Eﬁ:l qul % ﬂ{ LTI ErNIL H "}}"' “?:;
RN ad € >
Population Population
Susceptible to Z » [nfected with
q Infection Rate Q
First click in center of Then click in center of

this stock this stock
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Step 8: Infectivity (auxilary)

oy

SET . -
a+ Current P A

con @ w12

Infectivity -

Population
Susceptible to

CADC

Populatior
X Infected w1
Intartinn Rate M~ A T
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Step 9: Add Causal Arrow

& 5 B R ALurrent

mﬁﬁhm € v

Population

Susceptible to
SARS

!

Infectivity

s

.

Infcction Rate
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Step 10: Right-click on Arrow “handle”
to Add Polarity

IET Arrowhead Color

Delay mark = |

Line Style/Thickness

I — 1 I | _ _
Polarity
| None (o) + (- )8 (5 () Other
F*f:ﬁiljun polarity mark at the . Bia
(=) Arrowhead () Handle on the
(=) Inside () Outside of the arrow's curve

| OK Cancel
l |
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Step 11: Contacts Between Infected
and Uninfected People

0 & 4 B E A% Lurrent Py sy

i oG bl B W E S € w2

Infectivity
7
|II|II.

Population tr Population
Susceptible to ——————p [nfected with
SARS Infection Rate SARS

A+

| N
)
|
Contacts Between
Infected and Uninfected
People
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Step 12: Complete the Rest
of the Model + Label the Loops

Mfecﬁvityo
Population £7+ Population
Susceptible to “ —= Infected with |
< SARS Infection Rate SARS ey
v | A+ %
]
f/ @ J @ y
{4 Depletion | Contagmnn I +
> S ) tibl G Conacts Between Probability of Contact
e G Infected and Uninfected h Infected P iy
P +  Contacts , People wi 11/ ected Person _
5 [+]
I:'II( \ / ‘R\H d_____.--“"-/ Tﬂta]_

| SR

Populationc
Contact
F requency
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Use comment tool to add labels
[ /

Comment Dezcription

Shape Face: Times New Homan Size [Points]
 Mone {" H?HHEI'I'T'I t@dnial Unicode v o [ ED|_E| |12 1r|
{~ Diamond (2B atang [ Italic

(" By Tupe  Triangle @B atangChe [ Underline —
‘" Box ' @DFK.ai-5B [ Strikethrough
{ " Up Trnangle @Dt :
{ " Clear Box aturm [ Wertical Cal
 Cicle (" Loop Clkwse 0 atumiChe = olar
{* Loop Counter @FangSong Example = |
Text Position TrueType Times New Eoman
(" Above :
(" Center
~ bl { Left
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Right Shape calor Q I_

v Llze az arrow junction | nocauze | Background calor - |
Hide Lewvel

Comment |F|

Graphics

fe Mone |mage | j (" Eitmap {" |ITI|:II:IT|Z... |
aE. | Cancel |
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Step 13: Specify Equations

O

4 B # &7

2 & =1 Current
RE B W 20 € [W
Infectivity
Population Lj— Population

j Susceptible to

= Infected with §
SARS SARS

Contagion "
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. Probability of Contact o 88
Infected and Uninfected with Infected Person RS
People _ - -
f"-’ -__F'_'_.-"-f..-.-/ Tnta].
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Exogeneous and Endogeneous
Variables

e Variables in SD models are classified as either
exogenous or endogenous:

— Exogenous variables are defined independent of other
variables of the model.
e They are functions of time (i.e., Exogenous Variable = f(t)).

e Of course the exogenous variables may be constants, in
which case they are called parameters.

— Endogenous variables are influenced by other
variables in the system

 Endogenous Variable = f(x, y, z), where x, y, z are other
variables in the model
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Step 14: Define Infection Rate

L0 Editing equation for - Infection Rate
Infection Rate

Contacts Between Infected and Uninfected People*Infectivity

Type | undo || 7 | 8 B Lo Functions @ More
| Auxiliary i ] - - -

. el 15 o I ) o o — g

| Normal ¥l |.1.i ' 3.| - | — E -

= = Contacts Between Infected and Uninfected People

| | Supplementary | 0o | B | 7 | -

— - Infectivity

| Help | Loy |« ] "]
units: | |People/Day [:l
The infection ratdis determined by the total number of contacts between infected and uninfected people each

Lom= day and the probabillity that each such contract results 1n transmission trom the intected to unintected
ment : (denoted infectivity).

Minimum Value Increment

Errors: Equation Modified

OK | | Check Syntax heck Model | | Delete variable | Ccancel |
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Step 15: Define Population Susceptible
to SARS

Ldibll 1 S aiiidil 1WE = 0§ WU USRI LT B AN

Population Susceptible to SAR

=Infection Rate

= THTEG
|
Initis Total Population
1
Type : .
Undo 7 8 | g + Functions More
Level - '
[()] 4 | 5| 6| -
1 2 | 3 *
& L " Population Susceptible to SARS
i} ementar
PE ¥ 0 E | / Infection Rate
Help ( ) | ' )
Units: People t:]
The PopulatiolNgSusceptible to SARS is egual to the population susceptible prior to the onset of the disease
Com- less all of those that have contracted it. It is initialized to the Total Population, which assumes taht all
ment : individuals are initially susceptible (no prior natural or vaccine-conferred immunity).
Minimom vValue Increment
Errors: Equation Modified
OK | Check Syntax heck Model Delete vVariable Cancel
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Step 16: Define Susceptible Contacts

P Editing equation for - Susceptible Contacts

'Eusceptihle Contacts

Population Susceptible to SARS*Contact Freguency

s (undo |[7 [ 8 |8 [+ | vore |
Auxiliary L — "
l__ _ _||[{11||4I5|E|-|
| Normal = |' L | 2 | 3 'I' - |
(M supplementar Contact Fregquency
— - - | 0 I E | - I ! | Population Susceptible to SARS
|  Help v | . | ° |
units: | People/Day [T]
Insert your cor
Com-
ment :
Minimum Va Maximum Value Increment

Errors: Equation

OF | Check Syntax Check Model | | Delete variable | cancel
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Step 17: Define Contacts Between
Infected and Uninfected People

Editing equation for - Contacts Between Infected and Uninfected People

Contacts Between Infected and Uninfected People

Susceptible Contacts*Probability of Contact with Infected Person

TyDe
¥p Undo || 7
Auxiliary = r

Normal - [ai
| | Supplementary 0
Help [
| ynits: | People/Day
' Insert Your corf
Com=
ment :
Minimum Va
Errors: Eguation fied

OF Check Syntax

q + Fanctions More |
& -
3 *

Probability of Contact with Infected Person

Susceptible Contacts

Maximum Value

Check Model
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Increment

Delete Variable

Cancel



Step 18: Define Probability of Contact
with Infected Person

Editing equation for - Probability of Contact with Infected Person

Probability of Contact with Infected Person

Population Infected with SARS/Total Population

Type . 1
b ndo || 7 | 8 | @ + Functions @ More |
Auxiliary = ~ : ' g
L] | 4 | 5 | B [ =

Normal =4 1 [ 2]3 [
- - - Population Infected with SARS
Supplementary 0 B | ! Total Population
Help { ) | . )
units: | Dimensionless [: |
Insert your commen

Com=

ment :

Minimam WVa Maximum Value Increment

Errors: Equation fied

OK Check Syntax Check Model Delete Variable Cancel
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Step 19: Define Total Population

Editing equation for - Total Population

Total Population

350
Type
YB undo || 7
Constant = :
' b)) o4
Normal : pr—
Supplementary 0
Help [
Units: People
‘Insert your comment here...
Com—
ment :
Minimum Va
Errors: Eguation fied

OK Check Syntax

9 | + Functions More |
6 =
3 3

-n-| 3
|

Maximum Value Increment

Check Model Delete variable Cancel
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Step 20: Define Contact Frequency

Editing equation for - Contact Frequency

Contact Fregquenc

10
L &
TYP Undo 7
Constant =
[E)] &
| Normal - 1
Supplementary 0
Help (
Units: People/Day
Insert your comment here. ..
LOm=
ment:
Minimom W.
Errors: Equation fied

OK Check Syntax

B

Functions

More

Maximum Value

Check Model
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Increment

Delete Variable

Cancel



Step 21: Define Infectivity

FLCA) Editing equation for - Infectivity
Infectivity
0.01
=
Type | Undo || 7 | | 9 | + | Functions | More
| Constant %!
lto1 ] (4] 5][6] -] s e
| Normal =) BN W e
|:JEupp1&mentary | 0 | | . | { |
| Help | Loy o] "]
units: | Dimensionless [+]
Insert your comment here...|
Com-
ment :
Minimum W Maximum Value Increment
Errors: Eqguation fied

OK |

Check Syntax

Check Model
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Delete Variable

Cancel




Step 22: Define Population Infected

with SARS

Editing equation for - Population Infected with SARS

Population Infected with 5

Infection Rate

= THTEG
{
Initia -
1
Type z
YP Undo 7 8 | g 4 Functions @ More
Level -
[(}] 4 | 5|6 | -
1L | 2|3 |+
Population Infected with SARS
FREE 0 E | = / Infection Rate
Help ( y | . ] "
units: | People !: !
Insert your commen
Com=
ment :
Minimum Val Maximum value Increment
Errors: Equation fied
OE Check Syntax Check Model Delete Variable Cancel
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Time Out and Run

Vensim:SARS_Tutorial_F12.md| Var:Population Infected with SARS

= 4 B3 “£1 Current : o F &%
) RES B P ZH € [

Infectivity

B

Population £7+ Population
Susceptible to » Infected with |

/ SARS Infecti;n Rate SARS
+
i 1—\._:\ T ' n_:l\".
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Plotting Results

- - *,

33 Current & # &2O
Bl i W T € W D
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Optional: Permanent Graph
Use: I/O Object or Custom Graph

i
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[nput Output Object zettings

Object Type
" Input Shider o Output Workbench Tool " Output Custom Graph
Y ariable name. Chooze; Lewvel... | Auxiliany. . | Data... |

Curnulative Repaorted Cases

Infectivi Shder Seth
ider Settings
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| Label with varname
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Step 23: Add Variables in the Dataset

1 UpuiaLIvLL kj- Population
| Susceptible to o Infected with |
/" SARS [nfectiﬁ Rate SARS H\

."llr @ J @ \I'\".
/ |

‘L Depletion | Contagion i
. * Contacts Between e
e Susceptible futsetad gt Untafsctad Pr:?tlilabllt}ty Dg Contact =
~~ + Contacts People with Infected Person

RN i

|'I R“ﬂ--h ,/ H"‘-h____ __d_ﬂ-u-"'ff Tc

| T—— T Popu

Contact
Frequency_
Cumulative
L Iy = r—
New Reported REI;EE;d
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Step 24: Add Infection Rate
(as a shadow variable)

aEE & % 52 Current O FE Em B D
pr @M hEmo B W 2 € w 2
<g bty Infected and Unintected ith
@ + Ca . People with |
Jor
Yo / \ B /
= | T —
@ ontact
:| quency Cumulative
- o % ™ Reported
New Reported CI;S es
™ Variable to add to sketch J CE.SGS

| Contact Frequency

Contacts Between Infected and Uninfected People
Curnulative Reported Cases
FINAL TIME

Tnfection Rate T 4
INITIAL TIME

Mew Reported Cases
Population Infected with SARS

Population Susceptible to SARS
Probability of Contact with Infected Person
SAVEPER

Susceptible Contacts

Time

TIME STEF

Total Population

Mame or Infection Rate
Pattern

Type All =
[ ©K | | Exact |  Cancel
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Step 25: Add Causal Link and Polarity

SUSCEEPLIDIE Infected and Uninfected T
—
+ Contacts People with Infecte
™ / w /
h‘“x%_%__ \ .
Cumulative
<Infection W=—=——Xx—— Reported
Rate> New Reported Casisi

L Cases
\_/
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Step 26: Define New Reported Cases

o000 Editing equation for — New Reported Cases

New Reported Cases

Infection Rate

Type | Undo (| 7 | 8 .| ] 1 + | Functions | More
| Auxiliary .| - - : ~

— ~ ] [ ] 8 | 6] =)

| Normal v [1 ] 2 | NER :

5 = = Infection Rate

| |Supplementary [ o | & | | 7]

I I | » | = |
Units: People/Day [?]
Com=
ment :
Minimom W, Maximum Value Increment
Errors: Equatio ified
OK | Check Syntax Check Model | | Delete variable | Cancel
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Step 27: Define Cumulative Reported
Cases

Editing equation for - Cumulative Reported Cases

Cumulative Reported Cases

New Reported Cases
= TNTEG

[

Initia 0
1
Type . 1
IF Undo 7| 8 [ 9 + Functions | More |
Level = N ' ;
[{)] 4 |5 |6 ] -
1 - S T ]
z ; . . — Cumulative Reported Cases
Su ementar 0
PE ¥ 0 E | / Hew Reported Cases
Help { » | B
Units: People [: ]
Insert your com
Com-
ment :
Minimum W Maximum Value Increment
Errors: Equatio ified
OK Check Syntax Check Model Delete Variable Cancel
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Step 28: Units Check

# VensimPLE File Edit View Layout M
800  Settings... ial_F12.mdl Var

ow Help
gEd 2 =& = ze|Current Check Model  (Ctrl+T)
SRS s S -0 - [ Units Check  (Ctrl+U)

o< oudLy| Reform and Clean

@ S/ Compare to... ate

Doc 1 e

= —  Simulate (Ctrl+R)

o @ Start SyntheSim  (Ctrl+B) '

o Reality Check
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Step 29: Error!!!

8 00 Units Checking

S E=TRl

CLELL L L LR L L L LELLLL L L L L L LI

Error in units for the following equation:
Susceptible Contacts =
Fopulation Susceptible to SARS
* Contact Frequency
Susceptible Contacts --= People/Day
Population Susceptible to SARS - People
Contact Frequency --> People/Day

Analysis of units error:
Right hand and left hand units do not match
Susceptible Contacts
Has Units: People/Day
Fopulation Susceptible to SAKS
* Contact Frequency
Has Units: People*People/Day
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Step 30: Redefine Contact Frequency

s T o THR . |
FY %Y. F 1

Editing equation for - Contact Frequency

Contact Freguency

10
L= LU WIEVW L|:|_'-|'L'LI|. L] U[.illLlIIE WV ITILILW Y |_|l:|[.i
Model Settings - . .
[
= . W :
Time El:uunds] Infl:u.n’F'swd1 Sketch  Units Equiv 1><L5 Flles1 Heandes{
: $.Dollar.Dollars, $2 [ Use stncte
s | Undc Day.Lays testing More
| C P . | = Hoaur,Hours
onstan r BT b itk M onths Delete Selected |
— - - — " | |Person.Pecple Persons !
| Normal = \';lvmtﬁms ) Madify Selected !
eck weeks
| | Supplementary earvears tdd Editing |
| Help |
Units: | [Flecnjczile.-fF‘erfn:nrl,l'E.‘raug.r
Insert your comment
Com=
ment :
Minimum Value
Errors: Equation Modified
d Replace these with the Mew Model default spnorypms |
- Cancel

OK | | Chu

Make theze synonypmz the Mew Model default zpnonpms |
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Step 31: Units Check — A. O. K.

Message from Vensim

O Units are A. O. K..

OK
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Step 32: Rename Case — “Base” and
Run

Vensim:SARS_Tuteorial_F12.mdl Var:Contact Fregu

AEEd & $EBE@ | Fibasd
pe @M Ghi B W 2 € w B

cef
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Step 33: Plot Cumulative Reported
Cases

2xEH & BB A< Base Py S & B D
pe @M Shth "B W ZH € w B
cR 8 00 Graph for Cumulative Reported Cases : INIccica witn
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Su“ Bicd Probabilit
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0 12 24 k14 48 &0 T2 g4 96 o8 120 \\\-‘
Time {Day) -
Cumulative Reported Cases : Base ——o—
Cumulative Reported Cases : SARSDATA

A
£

° Cumulative
<Infection - T Reported
Rate> New Reported Cases

o Cases
\ Ty
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Step 34: Try Lowering Contact

0.0.0

Frequency

Editing equation for - Contact Frequency

[contact Fregquen

3

Sype | undo || 7 | 8 | 9 | + | RSO Functions | More
| Constant = '
| kitild | | : I ° | & I - | Choose Initial Variable
| Normal 5 (1]2]3]*] se Initial iabl
| | supplementary | o | E | | /|
|  Help | Loy | o] " |
units: | People/Person/Day 'm
|Insert your comment here...
Com-
ment :
Minimum Value Maximum Value Increment
Errors: Equation Modified
0K | | Check Syntax Check Model | | Delete variable | Cancel
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Step 35: Change Run Name

® VensimPLE File Edit View Layout Model Options Window Help

8 0O0n nsim:SARS_Tutorial F12.mdl Var:Contact Fr
BEE & ¥ 2 %+ Low Contact Frequency P S F |
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) y SARS Infectlili Rate SA
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Step 36: Displaying Multiple Runs
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\5 /j’ ases
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Step 37: Synthesim

® VensimPLE File Edit View Layout Model Options Window Help

e 00 Vensim:SARS_Tutorial_F12.mdl Var:Cumulative Reported
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Amazing!!]
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