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Spatiotemporal 
Modeling and Simulation 

 
03 :: Dynamics and Causality 

Diagrams 

Topic 
 
Dynamics and causality diagrams 
 
Program 
 
Slow and fast time scales 
A systematic approach to modeling 
Causality diagrams 
Exercise on causality diagrams 
Self-test questions 

Learning goals 
 
 
 

Distinguish relevant, slow, and fast dynamics and  
model them appropriately 
 
Independently follow the steps of modeling to 
find the governing equation of a new system 
 
Draw causality diagrams for any causal system 
 
Read and interpret causality diagrams 
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FLIP Model: Single reservoir  

The time constants τ as identified in the mother cell 
for both a membrane protein (Sec61) and a soluble 
Protein (GFP). 

FLIP Model: a real application: System 

Q:  
how are the cortical ER 
of the mother cell and the  
bud in yeast (S. cervisiae) 
connected? 
 
Is the connection different 
for membrane proteins 
and for soluble proteins? 

Why modeling? Connection is not observable 
Diffusion constants of proteins are not controllable 

FLIP Model: Reservoirs and flows 

We model three reservoirs: one for the fluorescent mass in each of 
the three ER parts (M: mother cortex, N: mother perinuclear, B: bud). 

The reservoirs are connected 
by tubes of a certain length, 
cross-section and diffusion 
constant.  

Diffusive flow: 

with 

Transport rate:  [L3/T] 

Bleaching is modeled as before 
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FLIP Model: Balance equation 

We have three reservoirs now, so there are three balance 
equations. The physical basis is again conservation of mass. 

FLIP Model: Numerical simulation 

The model cannot be solved analytically, so we use Matlab to 
integrate the equations numerically. 

FLIP Model: Parameter identification 

We determine the unknown transport rates l by fitting the 
numerical solution to experimental measurements of the 
fluorescence content in the ER over time. We do it for 
both a soluble (GFP) and a membrane protein (Sec61). 

This allows to measure the 
relative strengths of the  
ER connections: 
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FLIP Model: Publication 
J. Cell Biol. 169(6), 897-908, 2005. 


