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Purpose 

• To develop a predictive model to evaluate the 
probability of crop damage occurrence due to 
vervet monkeys on the island of St. Kitts 



Background – Vervet Monkeys on St. 
Kitts 

St. Kitts 
Source: www.caribbean-on-line.com 

Vervet Monkeys 
Source: africadreamsafaris.com 

• Vervet Monkeys introduced to St. Kitts with the introduction of African 
slave labor forces 

• Crop Damage due to vervet monkeys has existed for over 350 years  



Background – Data Collection 

Using GPS and GIS technology, a half-
acre grid system has been 
implemented. 

• Data collected by anthropologist 
Kerry Dore 

• 65 farms sampled from 9 
parishes 

• 6115 observations of half-acre 
cells 



Background – Covariates Influencing 
Crop Damage 

• Discrete Covariates: 
o Season:       Mango Season (May-August) 

        Non-Mango Season (September-April) 
o Guarding:   Extent Farms Guarded For Crop Damage  

       (Scale: 1-8) 
o Preference: Most Preferred Crop for Crop Raiding 

       (Scale: 0-10) 
o Neighbors:  Number of Neighboring Farms  

 

• Continuous Covariates: 
o Distance to Water (m) 
o Distance to Road (m) 
o Distance to Forest (m) 

• Independent Variable: Damage (proportion between 0 and 1) 
 



Data 

Farm Cells with Damage 174 

Farm Cells without Damage 5941 

Total 6115 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 ≈ 0.028  



Data 



Data 



Methods – Data Splitting 

• Data Split into Two Mutually Disjoint Sets: 
o Training Set: 80% of data, 
         regression models built from this set 
 
o Testing Set: remaining 20% of data, 

       tests the predictive strength of models built 
       from training set 
 



Generalized Linear Models 

• Models utilize Logistic Regression, where:  
 
 
 

log
𝑃𝑃 𝑑𝑑𝑃𝑃𝑑𝑑𝑃𝑃𝑑𝑑𝑃𝑃

1 − 𝑃𝑃 𝑑𝑑𝑃𝑃𝑑𝑑𝑃𝑃𝑑𝑑𝑃𝑃 = 𝑋𝑋𝑋𝑋 

• Saturated Model: 
 
 
 



Generalized Linear Models 

• Reduced Model: 
 
 
 

(All p-values constrained to be below 0.05) 
 



Calculating Estimated Probability of 
Damages 

• �̂�𝑋 = matrix of coefficients taken from R 
• X = matrix of corresponding dependent variables           

 from testing set 
 
• Inverse Logit Transformation 

�̂�𝑝 =
𝑃𝑃𝑋𝑋𝛽𝛽�

1 + eX𝛽𝛽�
 

 
Where �̂�𝑝 is the estimated probabilities of incurring 
damage (bounded between 0 and 1) 
 
 
 



ROC plots 

• Two Methods for Finding Optimal Sensitivity/Specificity: 
o Closest Top Left 
o Youden: Maximizes: 𝐽𝐽 = 𝑆𝑆𝑝𝑝𝑃𝑃𝑃𝑃𝑆𝑆𝑆𝑆𝑆𝑆𝑃𝑃𝑆𝑆𝑆𝑆𝑆𝑆 + 𝑆𝑆𝑃𝑃𝑃𝑃𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑃𝑃𝑆𝑆𝑆𝑆𝑆𝑆 − 1 
 
 



Maximizing Specificity and Sensitivity 

Saturated Model – 
Youden  

Saturated Model – 
Closest Top Left  
 

Reduced Model – 
Youden  
 

Reduced Model – 
Closest Top Left  
 

Threshold 0.03077822 0.03077822 0.02329385 0.0267694 

Sensitivity 0.84848485 0.84848485 0.87878788 0.8484848 

Specificity 0.79177162 0.79177162 0.75230898 0.7707809 

Damage + Damage - Total 

Prediction + 29 295 324 

Prediction - 4 896 900 

Total 33 1191 1224 

Reduced Model – Youden Method: 



Misclassification Rates 

Model Misclassification Rate 

Saturated - Youden 0.2066993 

Saturated – Closest Top Left 0.2066993 

Reduced – Youden 0.244281 

Reduced – Closest Top Left 0.2271242 



Cost and Prevalence 

• Calculations of Optimal Specificity/Sensitivity Can Account for 
Cost and Low Prevalence (Prevalence=0.02845) 

 
 



Cost and Prevalence 



Conclusions 

• Saturated Model provides the lowest 
misclassification rate 
 

• Reduced Model with Youden optimization 
provides the highest sensitivity but has the 
highest misclassification rate 
 



Conclusions 

 
• Statistically Significant Covariates: 

o Water 
o Road 
o Forest 
o Guarding 
o Preference 
o Neighbors 

 
• Statistically Significant Interaction Terms: 

o Forest and Guarding 
o Mango Season and Guarding 
o Water and Guarding 
o Neighbors and Guarding 



Future Work 

• Account for Outliers in Water, Road, and 
Forest Covariates 

 
• Account for Hierarchical Variation between 

Farms and Individual Cells  
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