
Model parameterization

MATHEMATICAL MODELING FOR INFECTIOUS DISEASE PLANNING IN AFRICA

(30 minutes)



• Every rate (arrow) needs to be parameterized, the more rates, the 
more parameters (and complexity) you are adding to the model

• Are the rates well-known in the literature? How relevant/robust are 
parameters from the literature to your population? 

• Are the parameters from literature based on primary data or rates 
from other models? 

• What are the sources of uncertainty in your parameters?

RATE PARAMETERS



• What data are you using to determine the initial conditions of your 
model or the current number of susceptible/infected/recovered 
people? 

• How reliable is this data? Where are the sources of uncertainty (e.g. 
reporting rates, asymptomatic infections)

• Is epidemiological surveillance data for your disease reliable, timely, 
and complete? 

• Model fitting is a whole thing… 

STATE VARIABLES



Qualitative versus quantitative models 



S I R

Probability of infectious contact

Probability of transmission given contact

Recovery rate

MODEL STRUCTURE

RATE PARAMETERS

*2 principle sources of uncertainty:
-model structure uncertainty (have you got your boxes and arrows right?)
-parameter uncertainty (do we know these rates and how variable are they?) 



S I R

Probability of infectious contact

Probability of transmission given contact

Recovery rate

1. What will 
determine this 
rate?

2. How would you 
measure it?



Searching for parameters in the literature

• Google scholar, PubMed etc are good places to start
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Parameter uncertainty

• Sometimes there’s no data but our model results don’t rely on that 
parameter

• Sometimes there is literature from other settings, but it’s likely to be 
generalizable so we can use the parameters “safely”

• Sometimes the data might be available freely online in various forms 
(or proxies for our variables)

• Sometimes we have data from our own programs to estimate these 
parameters



Introducing sensitivity analysis

• Sensitivity analyses are one way to manage uncertainty across a range 
of parameter rates: we want to check how sensitive our model 
results are to parameter uncertainty

• It is also answering the question itself sometimes

• A sensitivity analysis may involve varying parameters across their 
ranges

• Another type of sensitivity of model results could be to initial 
conditions in the state variables (the number of S, I, and R people)

• “Robust” means that the dynamics don’t change substantially, or 
qualitatively. 
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This parameter remains 
constant

This parameter is varied 
(what is this?) 

Initial 
conditions are 
kept constant

Hold everything constant, and vary one (or a few) parameters



These parameters remain constant (what are these?) 

This parameter is varied 
(what is this?) 



• Sometimes an exhaustive search of all of parameter space is 
prohibitive, so we might use techniques for efficiently sampling from 
that space…

• Models are often useful for bounding expectations, so we may want 
to communicate our results in relation to parameters of interest

• Sensitivity to parameters is key to understanding the mechanistic 
behavior of your model!
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