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Forecasting spread is easy 
 

Where are the sources 
of infection in relation to 
the healthy crops? 

Is there inoculum in 
the air near my crop? 

Are the conditions 
favourable for infection? 

Will the inoculum survive 
being airborne? 



Experimental set-up 
  The effect of solar radiation on the viability of sporangia was assessed. 

 4 UK isolates (2 x 13_A2, 2 x 6_A1), exposed for up to 3 hours, 7 experiments 
(July-Sep 2016). 

 Germination (direct or indirect) was assessed using a microscope (100x). 

 



Spore survival data 
  Markers show the mean of all isolates and all replicates 

 The dose-response curve appears ‘S-shaped’ or sigmoidal. 

 



Mixed effects logistic regression  
  The data are binary (viable/non-viable spores), summarised as proportions 
[0, 1] and I want the probability of germination [0, 1]. 

 Logistic regression, with solar radiation as a fixed factor. 

The fit was highly 
significant  compared 
to a null model 
(p<0.001). 
 



Maps of spore survival risk 
  Very pretty maps, but I want an even simpler model .... 

May 1st July 1st 



Using the model as a binary classifier 
  Convert the model output from a probability (range of 0 to 1) of 
germination to a single binary outcome: YES or NO for spore survival.   

 To do that, we need to pick a ‘cut-off threshold’ = a single probability value 
used to categorise inoculum as either viable or non-viable. 

A cut-off threshold: 
predicted probability of germination 
> cut-off value = viable inoculum 
predicted probability of germination 
< cut-off value = non-viable inoculum 
 



Using the model as a binary classifier 
  ROC curve shows the performance of a binary classifier across all cut-offs.   

 Under k-fold cross-validation, the area under the curve is 0.92 (max. is 1) = 
excellent classifier. 

y-axis = true positive rate, or hits 
The proportion of viable spores that were 
correctly classified (predicted) 
 
x-axis = false positive rate, or false alarms 
The proportion of non-viable spores that 
were incorrectly classified as viable 

y = x = line of random 
prediction = flipping a coin 

Point of 
perfect 

prediction 



Using the model as a binary classifier 
  There are numerous methods to pick the optimum cut-off threshold.   

 These can have dramatic effects on accuracy, and the right method 
depends on your objectives: e.g., optimising the number of hits, or 
minimising the number of false alarms? 
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Using the model as a binary classifier 
  There are numerous methods to pick the optimum cut-off threshold.   

 These can have dramatic effects on accuracy, and the right method 
depends on your objectives: e.g., optimising the number of hits, or 
minimising the number of false alarms? 

Performance under k-fold cross-validation 
Threshold TPR FPR 
 Preval. 0.65 0 
 Kappa 0.67 0.01 
 Youden 0.84 0.20 
  Req. TPR 0.90 0.25 

TPR = true positive rate = proportion of 
viable spores that were correctly classified. 

FPR = false positive rate = proportion of 
non-viable spores that were misclassified as 
viable. 



Validation of binary classifier 
  ‘Back-testing analysis’ using late blight outbreak data from 2005-2014 
(1821 outbreaks), and corresponding gridded solar radiation data.   

 If the model predicted a risk event in the 4 weeks prior to each outbreak = 
success. I also tracked the number of risk events predicted. 



Validation of binary classifier 
  Most liberal cut-off threshold: p(survival) = 0.49 for a risk forecast. 

 Accuracy = 98%, days classified as risks = 30% = too liberal.   



Validation of binary classifier 
  Second most liberal cut-off threshold: p(survival) = 0.57 for a risk forecast. 

 Accuracy = 91%, days classified as risks = 20% = less liberal. 



Validation of binary classifier 
  Most conservative cut-off threshold: p(survival) = 0.71 for a risk forecast. 

 Accuracy = 61%, days classified as risks = 6% = too conservative. 



Validation of binary classifier 
  Accuracy = 75%, days classified as risks = 9% = just right. 

 This was achieved  using a simple equation that is a function of solar 
radiation only. 



Thank you for listening ... 
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