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Problem	
  

Worldwide (WHO) 
3 to 5 million severe illnesses 
290,000 to 650,000 deaths  
Annually since 2010 

USA (CDC) 
9.2	
  to	
  35.6	
  million	
  illnesses	
  	
  
140,000	
  to	
  710,000	
  hospitaliza?ons	
  
12,000	
  to	
  56,000	
  deaths	
  
$87.1	
  billion	
  economic	
  loss	
  
Annually	
  since	
  2010 

Influenza-like illness (ILI) 

Nebraska, US 

Make forecasts at 
time point t 

Data driven 
methods 

Flat-resolution (state 
level) surveillance data 

High-resolution (county 
level) forecasts 

Proposed Method:  
      
    TDEFSI = Causal Model + DNN Model 

Framework	
  and	
  Models	
  

I.  Disease model parameter 
space learning  

II.  Synthetic training 
data generating 

III.  DEFSI training and 
predicting 

1. Agent-based SEIR disease model 
2. LSTM-based models incorporating physical 

consistency 

Op#miza#on	
  objec#ve:	
  

spa#al	
  consistency	
   non-­‐nega#ve	
  consistency	
  

e(a)	
  

e(b)	
  

e(c)	
   e(d)	
   e(e)	
   e(f)	
  

e(a)	
  –	
  e(b)	
  State-­‐level	
  and	
  county-­‐level	
  forecas?ng	
  performance	
  over	
  two	
  
states	
  (VA	
  and	
  NJ)	
  and	
  two	
  seasons.	
  e(c)	
  –	
  e(e)	
  TDEFSI	
  over	
  EpiFast	
  on	
  NJ	
  
county-­‐level	
  forecas?ng	
  performance	
  by	
  RMSE,	
  MAPE	
  and	
  PCORR.	
  e(f)	
  
Popula?on	
  heat	
  map	
  of	
  NJ	
  coun?es.	
  	
  

Highlights	
  TDEFSI	
  1.	
  trains	
  on	
  theory	
  generated	
  
synthe?c	
  data;	
  2.	
  integrates	
  the	
  strengths	
  of	
  DNNs	
  
and	
  high-­‐resolu?on	
  simula?ons	
  of	
  epidemic	
  
processes	
  over	
  networks;	
  3.	
  yields	
  accurate	
  high-­‐
resolu?on	
  spa?otemporal	
  forecasts	
  using	
  low-­‐
resolu?on	
  ?me	
  series	
  data.	
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