
Creating a matrix to assess pest vulnerability

Greening the Gateway Cities
The Greening the Gateway Cities Program (GGCP) is a Massachusetts state effort to 
increase urban tree canopy cover in areas of cities that satisfy environmental justice 
criteria. The benefits of these trees include reduced energy costs, primarily through 
mitigating the urban heat island effect and acting as wind breaks. The goal of the 
program is to cover 5-10% of each Gateway City with new tree canopy; so far, over 
10,000 trees have been planted across the state.1

Research Objectives
Create a PVM for use by the DCR to assess pest vulnerability in Massachusetts. 
Compare between the cities of Chicopee and Fall River, and perform a spatial analysis 
to examine the distribution of overall vulnerability in both cities. 
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Pest Vulnerability Matrix (PVM)
Originally Created by Laçan and McBride2 for use in California, a Pest Vulnerability 
Matrix (PVM) is an excel spreadsheet model that provides a graphic display of tree-
pest species interactions, as well as statistics summarizing vulnerability and severity.  
It can be used to analyze the relationship between tree species diversity and the 
susceptibility of an urban forest to pests, and also shows the most important pests 
and most vulnerable trees in any given city. 

Methods
Creating the PVM
ɆTree species list: 20 most commonly planted species across all GGCs (86% of 

total number of trees)
ɆInsect species list: used Cornell Cooperative Extension3 and UMass Extension4 

ɆSpecies interactions from Johnson and Lyon5 and consult with experts
Spatial Analysis
ɆGIS database provided by the DCR including tree location and species for all 

trees planted as part of the GGCP. 
ɆJoin vulnerability stats to attribute table for GGCP trees
ɆUse Getis-Ord Gi* to assess hot spots of vulnerability 

Results
ÅChicopee has higher vulnerability by every metric than Fall River. See Fig. 6
ÅChicopee has more hot spots above 1.5 standard deviations (8.15%) than Fall River 

(7.98%) and less cold spots of the same magnitude (4.96%, 5.50% respectively) 
ÅThe most resilient trees are Ginkgo and Hophornbeam (0 pests). Others are 

Hornbeam and Serviceberry (3 pests, 1 avg. severity)
ÅParticularly vulnerable trees include Apple, Elm, Linden, Oak, and Spruce, which all 

have an above average number of pests and avg. severity above 1.6
ÅPrunushas a high number of pests, but low severity (16, 1.37), while the opposite 

pattern is seen in Fir (9, 1.77), Nyssa(4, 1.75), and Sweetgum (3, 1.66)

Discussion
The PVM helps to assess which trees are most resilient and therefore valuable to plant, 
as well as which pests are the most important to monitor for any given tree assemblage. 
Hot spot analysis was performed using vulnerability count, because this metric has the 
most direct implications on policy and decision making, and also eliminates the 
subjectivity inherent in assigning severity values to species interactions. The overall 
number of pests that may affect a tree is likely the most important consideration when 
deciding what species are best to plant. Hot spots of vulnerability occurred despite 
diverse assemblages of tree species in some locations, implying that the composition of 
tree assemblages in neighborhoods is more important than just increasing biodiversity. 

This analysis represents the first steps towards making a PVM tailored to species 
interactions in Massachusetts for common urban tree species and visualizing these 
interactions spatially. Moving forward, it will be important to continue incorporating 
knowledge from experts and to expand the analysis to more species of both trees and 
pests, including diseases.

Figure 1. The study area consists of  the cities of 
Chicopee (left) and Fall River (right), MA. Both of these 
Gateway Cities were selected for planting by the 
Department of Conservation and Recreation (DCR). 
Zones were established based on environmental justice 
criteria. So far there have been 951 trees planted in 
Chicopee and 1,988 trees planted in Fall River. 
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Figure 2. An example of a partial PVM output. This selection uses only 4 
tree genera of the 20 (Maple is most commonly planted while oak is the 
second. Prunusand Linden are the third most common in Chicopee and 
Fall River respectively). Insect species (20 of the total 79) were selected to 
show a variety of severity patterns. 

Figure 5. Hot Spot analysis of the spatial distribution 
of vulnerability for both cities, focusing on areas of the 
planting zones with significant results. Z-score output 
from Getis-Ord Gi* are shown, separated by standard 
deviations. 
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PVM Output
The callouts in Fig. 2 refer to the following features of the PVM:
(1) Tree statistics- Pest overlap is the % of all listed pests that affect 
that tree: severity score is the sum of the severity ratings: 
vulnerability count is the number of insects that tree is vulnerable to. 
(2) The proportion of any tree assemblage that each species 
comprises can be input to get statistics for specific populations 
(cities, neighborhoods etc.). 
(3) Pest statistics- Proportion based on data input in (2): pest 
severity is the sum of the severity ratings.  
(4) Severity ratings- 1/yellow= minor or aesthetic damage, 
2/orange= can kill twigs or branches, 3/red= can kill tree.
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Figure 3. Vulnerability Count for 
each tree species. Red line shows 
average (11.55). This is the statistic 
used in the hot spot analysis. 

Figure 4. Average severity by tree 
species. The farther from 1, shown 
by the red line, the more 2 and 3 
level pests that affect that tree.

Figure 6. Average values for vulnerability statistics 
across both cities. Chicopee is higher in every 
category than Fall River, showing that it has higher 
vulnerability in multiple respects. 
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