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INTRODUCTION 

The climate is changing and we have learned a lot about it.  There is plenty left to discover but 

sophisticated models can tell approximately how much warming the planet will experience with 

various inputs of greenhouse gas (GHG) emissions (IPCC 2013).  The most difficult part of climate 

change prediction is humans.  How much and when will the global population do something to 

mitigate climate change?  Past GHG emissions have already locked us into a level of future 

warming due to the problem of latency, where carbon dioxide and other GHGs stay in the 

atmosphere for a long time period, holding in heat like a thick blanket.   

Last year (2014) was the first time a global halt in GHG emissions happened outside an economic 

down turn (IEA, 2015).  Is this a sign of things to come?  Even if it is, we can be fairly certain that 

the climate will be warmer than today in 2050, and likely warmer still by 2100.  If we can keep our 

warming world beneath the 2˚C ceiling we’ve been warned against exceeding, it will still be a 

massive change (IPCC 1995).  For those of us in the Fundy Biosphere Reserve (FBR), that much 

warming will transform the regional climate to something resembling Boston. 

Boston is situated in a temperate forest zone.  Although some of the trees species in the Acadian 

Forest can grow in such a climate, the majority of tree species are vastly different.  Unlike the 

Acadian Forest, the warmer temperate deciduous forest to the south does not support boreal 

forest tree species.  As shifting climate patterns move into the Acadian Forest, temporary exposure 

of native tree species to sub-optimal atmospheric conditions will cause periods of stress.  Each 

tree species lives within a certain climate envelop – that is a set of climatic conditions that the tree 

can tolerate.  Climate change will cause these climate envelopes to fluctuate at first, then migrate 

later.  Trees living close to the edge of their climate envelops will experience more frequent and 

eventually permanent shifts of climate conditions.  This will result in stress for some species, but 

those same fluctuating conditions could be favorable for other tree species.  They could also be 

favorable for insects and disease that were once held at bay by harsh winters.  Increasing 

competition, exposure to insect infestation and disease, or even changes to water availability and 

thaw/refreeze cycles could be devastating to a tree species.  

Disturbances will remove weakened trees from the landscape while others will become more 

productive.  Realizing that the composition and distribution of tree species in the Acadian Forest 

will be affected by climate change is a first step.  This project has been completed to bring a more 

informed idea forward regarding which tree species will be most likely to suffer and which should 

likely benefit.  Predicting the forest of the future is not an exact science but more of a direction 

for management activities to follow to help reduce vulnerability.  By planting certain species while 

selectively removing others, climate change resiliency of the forest can be increased.  Having a 
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diverse mixture of tree species is also a great resiliency method - this is true for both rural and 

urban forests.  Diversify the risk and bet against species with poor future outlooks. 

 

OBJECTIVES 

This project had three main objectives.  The first was to use the best available data to map forest 

climate change resiliency and create a climate change resiliency tree species list of use to 

managers and anyone who plants trees. 

The second objective was to use the forest resiliency maps, combined with other conservation 

information to produce a climate change resilient forest corridor map.  This map is to lay out a 

vision for wildlife corridors that can maintain integrity in the face of changing climates and the 

growing necessity of wildlife to shift territories, migrate and transition to more appropriate 

climatic zones. 

The third and final objective was to put the first two objectives into action.  Three areas of low 

forest resiliency within the resilient forest corridors were to be planted with identified climate 

change resilient trees species appropriate for the local landscape.  These areas are to act as future 

models of action for the local communities. 

 

STUDY AREA 

The UNESCO-designated Fundy Biosphere Reserve is an area of over 430,000 hectares of the 

Upper Bay of Fundy coast, stretching from St. Martins to the Tantramar Marsh, near Sackville, and 

inland to Moncton.  More precisely, it covers the New Brunswick watersheds which flow into the 

Upper Bay of Fundy. 

The FBR is located between 45°18’ and 46°10’ north latitude and 65°40’ and 64°12’ west longitude 

and the elevation ranges from sea level to a maximum of 450m asl. This area is covered by four of 

the seven distinct New Brunswick eco-regions as defined by the N.B. Ecological Land Classification, 

giving it a strong representation of tree species diversity occurring throughout the Maritimes 

region (Zelazny et al. 2003). The combination of lowlands, uplands, coast, and valley landforms 

has resulted in the four eco-region classifications. The climate varies over this region as the 

influence of coastal tidal waters, elevation, and continental air masses contribute to relative 
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differences. The number of growing degree days varies from 1500-1700 based on +5°C rates and 

the May to September precipitation values vary from 400-500mm (Clayden 2000). 

The Bay of Fundy contains the largest tides in the worlds, occurring twice daily and reaching 

heights upwards over 16 m, although locally the tides range from 6 to 14 m (Desplanque & 

Mossman 1999).  These tidal levels place the Upper Bay of Fundy into the mega-tidal category.  

The water in the bay is kept relatively cool due to its depth, coupled with strong tidal mixing; 

creating frequent spring and summer fog over the bay and on adjacent land forms (Clayden, 2000).  

  

METHODOLOGY 

Climate Envelope Analysis 
 

Climate envelope models calculate the climatic perimeters of particular plant species’ current 

range, and model where these optimal climatic conditions may migrate in future climate change 

scenarios. 

 

Canada’s Plant Hardiness website, maintained by Natural Resources Canada, contains the 

bioclimatic profiles and climate envelop maps for 130 tree species based on known tree species 

distributions (McKenney et al. 2001).  The climate envelop maps cover three future time periods 

including 2011 -2040, 2041-2070, and 2071-2100.  Using ANUCLIM, a spatial and bioclimatic 

modelling package, potential future climatic ranges are displayed for various global climate model 

runs under the most recent International Panel on Climate Change (IPCC) 5th Assessment Report 

(AR5) climate change scenarios known as Representative Concentration Pathways (RCPs).  The 

RCPs 2.5, 4.5 and 8.5 are modeled, while the CanESM2, HadGEM2-ES, CESM1(CAM5), MIROC-

ESM-CHEM and a composite AR5, global climate models (GCMs) are used to model the RCPs 

(McKenney et al. 2007). 

 

Maps for each tree species selected for analysis were downloaded from the Plant Hardiness 

website covering the current range and the three future time periods modelled.   
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Model Selection 

 

In our evaluation of tree species climate envelops, we selected the RCP 4.5 scenario as a moderate 

climate change future.  This scenario assumes substantial climate change mitigation limiting 

atmospheric carbon content to 650 ppm by the year 2100 resulting in the stabilization of GHG 

emissions (IPCC AR5).  Therefore, the resulting conclusions of this report require significant climate 

change mitigation to take place; otherwise much more extreme change will affect regional tree 

species range transitions. 

 

Only the composite AR5 GCM was run for the RCP 4.5 scenario across the three future time 

periods.  To avoid multiple runs using several GCMs and overly complex results, the single 

composite model was assumed to be both representative and be generally free of outlier results. 

  

Tree Species Selection 

 

Of the 130 tree species climate envelops contained on Canada’s Plant Hardiness website, all tree 

species present in the province of New Brunswick were included in this tree species climate change 

resiliency report.  This amounted to a total of 39 tree species.  A further 18 tree species native to 

the State of Maine were included in the assessment due to their potential future migration into 

the region. 

 

Regional Evaluation 

 

To evaluate future potential tree species climatic optimums, the FBR region was overlaid with 

climate envelops for each tree species covering a current range (1971 – 2000) and the three future 

time periods, 2011 -2040, 2041-2070, and 2071-2100.  The area was divided into 50 squares and 

each climate envelop was assessed for presence of the 95th percentile (core range), the 100th 

percentile (entire range), or absence of any range (Fig. 1).  Presence/absence values were 

recorded on a scale of positive one for perfect core range, zero for perfect entire range or negative 

one for absence of any range.  Many tree species current ranges do not cover the entire landscape 

of the FBR at present, therefore most values are initiated below positive one and drift toward 

negative values as time progresses.   

 

Several tree species’ current range distributions in the FBR region illustrated deficiencies over the 

Caledonia Highlands area, when in reality, these particular tree species flourish in that area.  This 

component of the distribution should be considered part of the core ranges for this group of trees.  

To correct for this inaccuracy and to assure the future modeled climate envelopes did not 
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underestimate a particular tree species climatic potential in the FBR, the missing part of the range 

was counted for each tree species and tallied in a separate column.  Percentage difference was 

calculated and then added back on to the presence/absence values of each tree species for each 

time period. 

 

 
Figure 1.  Climate Envelop example evaluation for black cherry (Prunus serotina) present range (1970-2000).  The FBR 

boundary (centre right), is outlined in black with the 50 presence/absence squares illustrated in white.  Green 

represents the 95th percentile of red oak population (core range), while brown represents the 100% percentile of red 

oak population (entire range).  White depicts water, or an absence of black cherry range on land.   

 

  



10 
 

Population Scale Disturbance Potential 
 

Four categories of disturbance were assessed for the potential to cause population scale tree 

mortality.  Insects, disease, animal browse and abiotic events were all evaluated for disturbance 

potential in three future time periods 2011-2040, 2041-2070, and 2071-2100.  Agents that have 

proven to have population level disturbance capabilities in the past (e.g. spruce budworm), agents 

of disturbance moving toward the FBR region with widespread tree mortality potential (e.g. 

emerald ash borer) and agents of disturbance that are currently located in the region but require 

climatic release to cause potential large scale tree mortality (e.g. spruce bark beetle), were all 

considered in tree species resiliency to climate change rankings. 

 

Resiliency Ranking Protocol 
 

The overall resiliency ranking system considered the evaluation of climate envelopes and the four 

disturbance types.  To do this the original values calculated for climate envelopes ranging from 

positive one to negative one, were multiplied by a factor of ten.  This resulted in a perfect score 

of positive ten for a tree species with a core range completely covering the FBR region.  A zero was 

assigned for entire range coverage and a negative ten was assigned for no coverage. 

 

Population scale potential insect disturbance was ranked between 0-3, disease between 0-3, 

animal browse between 0-1 and abiotic events between 0-1.  These values were then subtracted 

from the climate envelope rankings, thereby lowering the final score.  Due to the disturbance 

factors being re-evaluated for each future time period, disturbance rankings often increase over 

time, but only up to their respective ceiling values.  Cumulatively, the four disturbance types had 

the potential to add up to eight for any one tree species.  Therefore, a tree species with a perfect 

climate envelope score of ten in the future time period 2041-2070, but a maximum disturbance 

factor of eight would receive and overall resiliency ranking of two. 

 

Tree-ring Evaluation 
 

Tree-ring chronologies were created for nine native coniferous tree species and six deciduous tree 

species by the Mount Allison University Dendrochronology (MAD) Lab.  Each of these 15 tree 

species had a minimum of one chronology and several species had up to three chronologies from 

various locations within the study area.  The tree-ring chronologies sampled from trees within the 

FBR region offered a method to assess the local climatic response of various tree species to past 

climate variation.   
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Increment Core Sampling 

 

Sampling of tree-rings is dependent on the age and number of available trees.  Local climate data 

has been collected for over 100 years in several locations in the FBR and tree-ring response 

function analysis is only possible when enough degrees of freedom allow a robust analysis to take 

place.  Therefore, trees over 100 years in age, matching the local climate data, are required.  This 

limits the sampling sites to mature and old growth forest areas which are few, resulting in an 

opportunistic strategy.  Once an appropriately aged stand is found, 20 trees are sampled twice 

each using an increment borer to extract a pencil sized (5.1 mm) wood sample from bark to the 

pith of the tree. 

 

Tree-ring Measurement and Cross-dating 

 

Increment cores were prepared using standard dendrochronological procedures (Stokes and 

Smiley 1968).  Following preparation, all cores were visually cross-dated and then ring-widths were 

measured to 0.001 mm using a VELMEX measuring system.  Statistical cross-dating of the 

measured ring width patterns was carried out through statistical evaluation with the program 

COFECHA (Grissino-Mayer 2001).   Problematic cores with poor correlation values identified 

through this procedure were, on occasion, eliminated.   

 

Chronology Standardization 

 

The remaining cores for each site were standardized to remove non-climatic, low frequency 

growth signals, such as age related trends and competition induced growth suppression.  Using 

the program ARSTAN (Cook 1985), ring-width series were individually detrended based on visual 

inspection of radial growth curves.  The relatively complacent Acadian Forest often influences tree 

growth in many ways requiring various detrending curves to be applied.  This procedure is careful 

to avoid removing high and medium frequency growth trends related to annual and decadal 

climate influence.  Following detrending, indexed values for each chronology were produced 

creating master site chronologies.  

 

Instrumental Climate Data 

 

Climate data used in this analysis was obtained through two sources.  The most heavily relied upon 

data set was daily instrumental data from the Adjusted Historical Canadian Climate Data (AHCCD) 

set available through Environment Canada (Vincent and Gullet 1999, 2002).  This data set was 



12 
 

supplemented with the raw, unadjusted Canadian Daily Climate Data (CDCD), available through 

Environment Canada.  Several reasons arose for the need of supplemental data; the first, not all 

desired locations had AHCCD data available, and second, many days, weeks, and sometimes 

months of data were missing in the adjusted and reconstructed data.  To fill these gaps, nearby 

climate data collection stations were used to provide the missing data at the station in question.   

 

Response Function Analysis 

 

The master tree-ring chronologies created from the standardized ring-width measurements were 

statistically calibrated against monthly mean temperature and monthly total precipitation values 

from the instrumental climate data.  Monthly values from current October through to previous 

year’s May were used in the analysis for a total of 34 independent variables.  A C++ program called 

DENDROCLIM2002 used bootstrapped confidence intervals to compute response function 

coefficients for each master tree-ring chronology and its nearest neighbour climate station dataset 

(Biondi & Waikul 2004).  Coefficients significantly different than zero at the P>0.05 level were 

plotted in each species response function climate profile.    

 

Bioclimatic Profile Comparison 

 

Bioclimatic profiles for each tree species studied are provided on Canada’s Plant Hardiness website 

(McKenney et al. 2001).  These profiles are a database of climatic tolerances for each tree species, 

produced from the distribution data of the current known range and climate data.  The climatic 

tolerances cover maximum and minimum temperature and mean precipitation totals over various 

periods throughout one year.  Values are produced on annual and quarterly scales, but most 

importantly, they are also produced for monthly periods.  These values are partitioned for various 

percentiles of range densities.  That is to say, the 2.5 percentile of the range of species X lives 

under the most extreme February monthly minimum temperature.  As the values incrementally 

climb higher in percentile, from the least dense periphery of the range, toward the denser core of 

the range, climatic conditions generally become less extreme.  Along the edge of the range, 

climatic conditions are so extreme in one season or another, that the species is excluded and the 

range is terminated. 

 

To accomplish a comparison between the tree-ring based response function coefficients and the 

bioclimatic profiles, the monthly maximum, minimum, or mean from the closest climate station is 

plotted for significant response function coefficients, along the percentile scale in the appropriate 

monthly period of the bioclimatic profile.  Therefore, if white pine (Pinus strobus) exhibits a 

positive response function coefficient to July and August precipitation, the total monthly 
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precipitation values for those months (extracted from the nearest climate station) would be 

plotted along the July and August percentile scales for mean monthly precipitation in the 

bioclimatic profile of the tree species.  In this case the actual values landed in the 25th and 10th 

percentiles respectively, conditions within which 25% and 10% of the white pine population 

survive.  The significant positive response function supports the bioclimatic profile in this example; 

white pine grows better with more summer precipitation. 

 

Although quantitative values are used in this comparative analysis, only the direction of the 

relationship is meaningful.  As a result, the number of positive and negative relationships between 

the bioclimatic profile and the significant response function coefficients were simply tallied to 

qualitatively assess whether or not local tree radial growth of a particular species supports the 

climatic tolerances of the bioclimatic profile.  In this way, a pseudo confidence or limited 

verification can suggest how accurate climate envelopes may model the future climate stress of 

local tree species.  Through this method for specific cases, some measure of reliability is given that 

bioclimatic profiles for a particular tree species are mapping a southern range limit, and not a 

southern range truncation due to disturbance. 

 

Mapping Current Forest Resiliency to Climate Change 

 
For this project component, James Bornemann and the Mount Allison Geospatial Modelling 

Laboratory worked with the FBR to put the climate change resilient tree species list to work 

mapping resiliency levels of FBR forests. 

 

Forest Inventory Data 

 

The New Brunswick Forest Inventory Data was used as the basis to map where the most climate 

change resilient tree species reside on today’s landscape.  The challenge is to fit commercial tree 

community level data to individualized resiliency scores.  To accomplish this task, permanent 

sample plot data from Fundy National Park was used to estimate percentages of species within 

community types and create resiliency scores for those tree communities.  With resiliency scores 

for individual tree species and communities defined through the Forest Inventory Data, individual 

forest stands were categorized within the system described in the results.  Forest stands ranked 

from most resilient to most vulnerable with the following five category descriptions: proliferate, 

prosper, preserver, decline and disappear.  

 

Other challenges to mapping resiliency were holes in the data.  Industrial private freehold property 

is not included in provincial Forest Inventory Data.  Also, a decade had passed since the last Forest 
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Inventory Data update.  We used the University of Maryland Department of Geographical 

Sciences’ Global Forest Change data to discover approximately 8% of the FBR had been deforested 

since 2000.  This data was used as a mask over the map to remove those forest stands that had 

been cut. 

 

Forest Corridor Mapping 
 

This project component was completed with the help of the Nature Conservancy of Canada (NCC).  

They helped determine what criteria to use in determining placement of the forest corridors. 

 

Resiliency Data 

 

To produce a forest corridor map based on resiliency, the map of forest stand resiliency, 

discussed above, was a primary resource.   An additional resource used was the basic hexagons 

for resiliency map available through Two Countries One Forest (Anderson 2013).  The NCC staff 

felt this data captured other conservation components of the ecosystem well and would 

supplement the forest stand resiliency data well.  This map layer, “identified sites that were both 

connected by natural cover and that had relatively more microclimates indicated by diverse 

topography and elevation gradients (Anderson 2013).”  Basically, this is a measure of landscape 

resiliency based on physical and micro-climatic features.  The higher levels of resiliency for both 

data sets were amalgamated to produce a new layer.  This created the basis for corridor layouts 

as the resilient areas of the map were limited.  

Other features were considered in the layout of the corridors, specifically the locations of 

protected areas that needed network connectivity, inoperable or riparian zones not open to 

forestry operations, land ownership type and barrier avoidance in cases where possible.  The 

map produced is meant to be a first draft to be critiqued and improved on over time.  Down-

scaling to individual properties and forest stands in the future will help target efforts. 
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RESULTS 

All results reported here are based on a 20 point climate change resiliency scale, extending from 

+10 to -10.  Values represent a measure of the presence/absence of climate envelop models and 

an estimate of potential future population scale disturbance factors.  The rankings are all based 

on the IPCC AR5 report RCP 4.5 climate change scenario. 

 

Climate Change Resilient Tree Species List 
 

A primary objective of this study was to create a list of tree species most likely to be resilient to 

future climatic changes.  This list was intended to assist in forest management through the study 

area.  In Table 1 the species resiliency list is presented as a five category index.  The tree species 

are listed in order of most resilient to most vulnerable in the following categories: proliferate, 

prosper, persevere, decline and disappear.  The first category (proliferate) is a good indicator that 

a particular species will maintain a generally healthy population in the assigned future period, 

staying relatively free of major disturbance.  The second category (prosper) generally indicates 

future health with perhaps sporadic disturbance.  The middle category (persevere) indicates 

uncertainty, with tree species facing either no disturbance, periods of disturbance or major 

continued disturbance.  The forth category (decline) indicates higher chance of periodic 

disturbance or continued disturbance in some cases.  The fifth category (disappear) indicates 

possible continued disturbance or even major catastrophic disturbance removing the species from 

the landscape.  Greater detail on resiliency calculations and potential trends is found below. 

 

“The time period selected for the resilient tree species list is for 

the mid-21st century, 2041-2070 period………this time frame is 

distant enough to expect significant climate change effects, yet 

close enough to expect more predictive certainty.”     
 

The time period selected for the resilient tree species list is for the mid-21st century, 2041-2070 

period.  Although most tree species, if planted or already growing in the 2010’s, should be 

expected to live beyond the 2041-2070 period, this time frame is distant enough to expect 

significant climate change effects, yet close enough to expect more predictive certainty.  Younger 

generations of today’s society will also still be living during this time period, therefore they are not 

only managing forests for future generations, but their own generation under this time frame 

target.  If managing forests beyond 2070, it is recommended to consult the main resiliency ranking 
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chart for the later period modeled (2071-2100) to evaluate how the tree species reorganize under 

that more extreme climate change outcome. 

 

“Concentrate planting on the most resilient species, include the 

mid-ranked trees in a diverse planting mix, thin out the low 

ranked trees through harvesting and the forest composition will 

move to a much more resilient state.”   
 

The best eight tree species most likely to flourish were taken from the “proliferate” and “prosper” 

categories (Fig. 2).  A few other native species landed in these two categories; however, more 

uncertainty follows these species as they have associated insects and disease that make 

recommendations more difficult.  The main eight species should receive the greatest focus for 

planting, while the other highly ranked trees and “persevere” category trees should all make their 

way into the mix of future forest biodiversity.  Maintaining a great diversity of trees will help avoid 

major loss when disturbance strikes an individual species.  We suggest that landowners 

concentrate planting on the most resilient species, include the mid-ranked trees in the planting 

mix, thin out the low ranked trees through harvesting, and the forest composition will move to a 

much more resilient state.   

 

 
Figure 2.  The eight largest trees in this graphic are the FBR most recommended to plant.  They are from left to right, 

ironwood, eastern hemlock, black cherry, American beech, red oak, sugar maple, white pine, and red maple.  Other 

species in the prosper category like butternut, white ash and white elm are or will be likely affected by insect or 

disease in the coming decades.  Tree species in the “persevere” list should also be planted, but in lesser amounts 

then this list of eight.  
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Table 1.  The tree species resiliency list is contained in this table for the 2041-2070 time period for a moderate climate 

change scenario (RCP 4.5).  The five categories contain tree species with resiliency rankings falling under the values 

displayed in the column headers.  During this time period, no species fell into the “Disappear” category.  Tree species 

marked with an asterisk (*) are products of post-disease breeding programs meant for reintroduction.  Disturbance 

may strike particular species harder than conservative estimates in this report; therefore species such as butternut 

may be placed in a higher resiliency category than expected.  Species in grey text are non-natives from southern 

Maine.  

Proliferate 
10 to 6.1 

Prosper 
6 to 2.1 

Persevere 
2 to -2 

Decline 
2.1 to -6 

Disappear 
6.1 to -10 

American Beech - 
Fagus grandifolia 

Eastern Hemlock - 
Tsuga canadensis 

Eastern Larch - Larix 
laricina 

Balsam Fir - Abies 
balsamea   

Black Cherry - Prunus 
serotina 

White pine - Pinus 
strobus 

Eastern White Cedar - 
Thuja occidentalis 

Black spruce - Picea 
mariana   

Ironwood - Ostrya 
virginiana 

Butternut - Juglans 
cinerea 

Red pine - Pinus 
resinosa 

Jack pine - Pinus 
banksiana   

Red Maple - Acer 
rubrum 

Mountain paper Birch 
- Betula cordifolia 

American Basswood - 
Tilia americana 

Red spruce - Picea 
rubens   

Atlantic White Cedar - 
Chamaecyparis 
thyoides 

Red Oak - Quercus 
rubra 

American Mountain 
Ash - Sorbus 
americana 

White spruce - Picea 
glauca   

Pitch Pine - Pinus 
rigida 

Sugar Maple - Acer 
saccharum 

Balsam Poplar - 
Populus balsamifera 

Black Ash - Fraxinus 
nigra   

Black Oak - Quercus 
velutina 

White Ash - Fraxinus 
americana 

Black Willow - Salix 
nigra 

Grey Birch - Betula 
populifolia   

Blue Beech - Carpinus 
caroliniana 

*White Elm - Ulmus 
americana 

Bur Oak - Quercus 
macrocarpa 

Large Toothed Aspen - 
Populus grandidentata   

Sassafras - Sassafras 
albidum 

Eastern Red Cedar - 
Juniperus virginiana 

Choke Cherry - Prunus 
virginiana 

Silver Maple - Acer 
saccharinum   

White oak - Quercus 
alba 

*American chestnut - 
Castanea dentata 

Mountain Maple - Acer 
spicatum 

Trembling Aspen - 
Populus tremuloides   

  
American Sycamore - 
Platanus occidentalis 

Pin Cherry - Prunus 
pensylvanica 

White Birch - Betula 
papyrifia   

  
Bitternut Hickory - 
Carya cordiformis 

Serviceberry - 
Amelanchier 
canadensis 

Yellow Birch - Betula 
allenghaniensis   

  Red Elm - Ulmus rubra 
Striped Maple - Acer 
pensylvanicum 

Black Maple - Acer 
nigrum   

  
Scarlet Oak - Quercus 
coccinea 

Staghorn Sumac - Rhus 
typhina 

Swamp White Oak- 
Quercus bicolor   

  
Shagbark Hickory - 
Carya ovata 

Black Tupelo - Nyssa 
sylvatica     

    
Flowering Dogwood - 
Cornus florida     

    
Sweet birch - Betula 
lenta     
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Resiliency Rankings 
 

Resiliency rankings for all tree species analyzed across the four time periods studied are provided 

in Tables 2 and 3.  Some general trends which repeat throughout the data are related to the 

relative positions of species range limits compared to the study site.  Tree such as the three native 

spruce species (black spruce, red spruce, and white spruce - Picea spp.), located near the southern 

boundary of their respective ranges in the study zone, display a rapid shift of rankings in the most 

immediate future time period (2011-2040) due to the northward contraction of their southern 

climate envelope boundary.  This is coupled with the potential climatic release of native spruce 

bark beetle and other population scale disturbances.   

 

Other species illustrate gradual declines over several future time periods as their climate 

envelopes are predicted to migrate out of the region more slowly.  Still others, such as several of 

the deciduous species, are located toward the northern edge of their current range limits, quickly 

transition toward the core of their climate envelopes in the immediate future time period (2011-

2040), only to slip toward the southern edge of their climate envelopes in more distant future time 

periods.  Native species that have increasing rankings over time are the outliers in this analysis.  A 

majority of native tree species exhibit declining rankings due to both modeled sub-optimal climate 

envelop results and estimated increases of serious disturbance threats.  This trend is visible in 

Table 2 as the cell fill shades darken from left to right across the table into future time periods 

indicated decreasing resiliency rankings.  

 

“A majority of native tree species exhibit declining rankings due 

to both modeled sub-optimal climate envelop results and 

estimated increases of serious disturbance threats.” 
 

Alternately, many non-native tree species with current northern range limits to the south of New 

Brunswick, in the State of Maine, illustrate insufficient climate envelop conditions at present to 

thrive in the study zone.  Favorable conditions are modeled to develop rapidly for some of these 

non-native tree species and more slowly for others until the vast majority exhibit optimal 

conditions toward the end of the 21st century, when their core range climate envelopes are most 

likely to cover the FBR region.  These increasingly favorable conditions can be viewed as the trend 

in cell fill shades lightens from left to right across Table 3 into future time periods indicating 

increasing resiliency rankings. 
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Table 2.  Resiliency rankings for native tree species are displayed in this table for current range (1970-2000) and 

modeled climate envelopes in three future time periods (2011-40, 2041-2070, 2071-2100).  Resiliency ranking values 

vary between +10 to -10 for calculated climate envelop suitability in all four time periods for each tree species.  Cell 

fill shades indicate category resiliency values.  White = 6.1 to 10 (proliferate), light grey = 2.1 to 6 (prosper), medium 

grey = -2 to 2 (persevere), dark grey = -2.1 to -6 (decline), black = -6.1 to -10 (disappear).  

 Native Tree Species 1970-2000 2011-2040 2041-2070 2071-2100 

C
o

n
if

er
o

u
s 

Sp
ec

ie
s 

Balsam Fir - Abies balsamea 9.31 -3.5 -3.5 -3.5 

Black spruce - Picea mariana 7.19 -2.5 -2.5 -5.2 

Eastern Hemlock - Tsuga canadensis 7.37 5.6 2.7 -1.1 

Eastern Larch - Larix laricina 6.38 -1.0 -1.0 -1.8 

Eastern White Cedar - Thuja occidentalis 1.40 -0.5 -0.5 -0.5 

Jack pine - Pinus banksiana 1.00 -2.0 -5.0 -6.7 

Red pine - Pinus resinosa 5.49 4.2 0.0 0.0 

Red spruce - Picea rubens 8.70 -2.0 -2.5 -2.5 

White pine - Pinus strobus 8.07 5.8 5.4 2.4 

White spruce - Picea glauca 7.08 -3.0 -4.0 -5.2 

D
ec

id
u

o
u

s 
Sp

ec
ie

s 

American Basswood - Tilia americana 2.70 -0.6 -1.2 -2.3 

American Beech - Fagus grandifolia 7.83 7.3 6.3 5.7 

American Mountain Ash - Sorbus americana 6.70 -0.5 -0.5 -0.5 

Balsam Poplar - Populus balsamifera 5.00 -0.5 -0.5 -0.5 

Black Ash - Fraxinus nigra 0.00 -0.9 -3.9 -4.4 

Black Cherry - Prunus serotina 0.98 6.9 6.1 5.5 

Black Willow - Salix nigra 0.00 0.6 -0.6 -2.3 

Bur Oak - Quercus macrocarpa 0.00 0.0 0.0 -0.4 

Butternut - Juglans cinerea 0.00 2.8 2.2 1.8 

Choke Cherry - Prunus virginiana 0.78 -0.5 -0.5 -0.5 

Grey Birch - Betula populifolia 5.10 1.2 -3.5 -3.5 

Ironwood - Ostrya virginiana 2.76 8.3 8.3 7.7 

Large Toothed Aspen - Populus grandidentata 0.55 -3.8 -4.6 -5.2 

Mountain paper Birch - Betula cordifolia 4.60 6.6 5.9 4.5 

Mountain Maple - Acer spicatum 0.24 0.0 0.0 0.0 

Pin Cherry - Prunus pensylvanica 3.14 0.0 0.0 0.0 

Red Maple - Acer rubrum 8.91 9.5 8.9 8.4 

Red Oak - Quercus rubra 2.94 5.4 5.0 4.6 

Serviceberry - Amelanchier canadensis 6.86 5.0 1.5 0.6 

Silver Maple - Acer saccharinum 1.00 -0.9 -2.2 -1.9 

Striped Maple - Acer pensylvanicum 6.90 2.5 0.0 -0.5 

Sugar Maple - Acer saccharum 7.87 4.6 3.3 0.2 

Staghorn Sumac - Rhus typhina 1.00 0.0 0.0 0.0 

Trembling Aspen - Populus tremuloides 2.28 -2.0 -2.0 -2.0 

White Ash - Fraxinus americana 1.32 6.5 2.6 1.7 

White Birch - Betula papyrifia 6.07 -2.5 -2.5 -2.5 

White Elm - Ulmus americana 2.30 5.1 4.4 3.8 

Yellow Birch - Betula allenghaniensis 7.70 -1.2 -3.0 -3.0 
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Table 3.  Resiliency rankings for non-native tree species are displayed in this table for current range (1970-2000) and 

modeled climate envelopes in three future time periods (2011-40, 2041-2070, 2071-2100).  Resiliency ranking values 

vary between +10 to -10 for calculated climate envelop suitability in all four time periods for each tree species.  Five 

cell fill shades indicate the category within which the resiliency values fall.  White = 6.1 to 10 (proliferate), light grey = 

2.1 to 6 (prosper), medium grey = -2 to 2 (persevere), dark grey = -2.1 to -6 (decline), black = -6.1 to -10 (disappear).  

 Non-Native Tree Species 1970-2000 2011-2040 2041-2070 2071-2100 

C
o

n
if

er
o

u
s Atlantic White Cedar - Chamaecyparis thyoides 0.00 5.3 6.4 6.0 

Eastern Red Cedar - Juniperus virginiana 0.00 2.3 4.2 4.0 

Pitch Pine - Pinus rigida 0.00 6.7 8.9 7.5 

D
ec

id
u

o
u

s 
Sp

ec
ie

s 

American chestnut - Castanea dentata 0.00 5.7 5.7 5.0 

American Sycamore - Platanus occidentalis -2.90 0.0 5.0 6.4 

Bitternut Hickory - Carya cordiformis 0.00 5.0 5.4 4.4 

Black Maple - Acer nigrum -2.90 -2.9 -3.7 -4.2 

Black Oak - Quercus velutina 0.00 3.5 6.4 5.9 

Black Tupelo - Nyssa sylvatica -10.00 -0.5 0.5 6.0 

Blue Beech - Carpinus caroliniana 0.00 6.9 7.7 6.9 

Flowering Dogwood - Cornus florida -1.90 0.0 0.0 4.8 

Red Elm - Ulmus rubra 0.00 2.8 2.6 2.8 

Sassafras - Sassafras albidum -9.20 -0.5 6.2 6.2 

Scarlet Oak - Quercus coccinea -10.00 -1.5 5.4 5.6 

Shagbark Hickory - Carya ovata 0.00 1.9 5.9 6.1 

Swamp White Oak- Quercus bicolor 0.00 -2.7 -3.9 -4.3 

Sweet birch - Betula lenta 0.00 2.3 0.4 0.0 

White oak - Quercus alba -2.50 5.5 6.1 5.9 
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Native Species Results 
 

Several native species of trees appear that they will respond favorably to modeled climate change.  

Red Oak (Quercus rubra), black cherry (Prunus serotina), and ironwood (Ostrya virginiana) all 

exhibit a substantial increase in resiliency rankings in future time periods.  Other species such as 

red maple (Acer rubrum) and American beech (Fagus grandifolia) maintain high resiliency values 

in future time periods.  Alternately, species such as balsam fir (Abies balsamea), spruces (Picea 

spp.), jack pine (Pinus banksania), aspens (Populous spp.), and birches (Betula spp.), among others, 

illustrate rapid declines in resiliency rankings.  When averaged using equal weighting, the 

coniferous tree species exhibit an 8.6 point drop in resiliency ranking (Fig. 3) from the initial time 

period (1970-2000) to the century’s end (2071-2100).  The deciduous tree species, when averaged 

using equal weighting, illustrate a 2.9 point decline in resiliency ranking (Fig. 3) over the same time 

frame.  Together, all tree species display a 4.4 point decrease in resiliency ranking (Fig. 3) through 

the study period.  Despite tree species that will potentially benefit from climate change, these 

results suggest that overall, the Acadian Forest within the FBR region will become increasingly 

more vulnerable to future climatic conditions.  These results do not take into account the varying 

proportion of tree species within the forest. 

 

“Despite tree species that will potentially benefit from climate 

change, these results suggest that overall, the Acadian Forest 

within the FBR region will become increasingly more vulnerable 

to future climatic conditions.”   
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Figure 3.  Equally weighted averaged resiliency rankings calculated from values in Table 2 are illustrated here for three 

groups.  Native coniferous tree species (softwood), native deciduous tree species (hardwood) and all native tree 

species combined are displayed for the present and three future time periods. 

 

Using a weighted average approach based on two forest composition types, sourced from Forbes 

et al. 1998 and created by Lutz 1997, average resiliency values are calculated that better represent 

the proportion of both the tree species on the landscape recently, and those in the distant past.  

Modern forest composition was calculated using the 1993 New Brunswick Forest Inventory 

Dataset.  Pre-settlement forest was calculated from an analysis of witness trees in Kings County, 

New Brunswick.  When re-calculated using these composition proportions, results indicate higher 

initial overall resiliency values of between six and seven (Fig. 4), over two points higher than the 

equally weighted average.  For the modern forest composition, the resiliency ranking drops 8.7 

over the study period.  The pre-settlement forest composition resiliency ranking declines by 7 by 

the end of the 21st century, but closely mirrors the resiliency of the modern forest, finishing only 

1.2 points higher. 
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Figure 4.  Weighted averages of resiliency rankings for all native tree species are displayed here for two forest 

composition types.  Species proportions for a modern forest composition and a pre-settlement composition are 

illustrated for the present and three future time periods. 

 

Southern Species Results 
 

Currently, the climate of the FBR region could theoretically support over half of the studied tree 

species found in southern Maine; however, this would place them at the very periphery of their 

climate envelopes.  Under the climate change scenario used in this study, tree species such as 

pitch pine (Pinus rigida) and blue beech (Carpinus caroliniana) rapidly develop high resiliency 

rankings in the FBR area (Table 3).  Many other southern Maine tree species exhibit quickly 

growing resiliency scores in the intermediate time frame.  Others such as black tupelo (Nyssa 

sylvatica) and flowering dogwood (Cornus florida) require the later time frame before resiliency 

scores exhibit an affinity for the FBR climate.   Several species actually display lower scores over 

time. 

 

“Under the climate change scenario used in this study, tree 

species such as pitch pine and blue beech rapidly develop high 

resiliency rankings in the FBR area.” 
 

Together, the non-native coniferous tree species exhibit a rapidly increasing resiliency ranking 

when averaged, using an equal weighting method.  Initially these three species together rank at 

zero before increasing in resilience to 6.5 by the 2041-2070 time period and then decreasing 
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slightly before the century’s end (Fig. 5).  The much larger group of non-native deciduous species 

has a lower initial resiliency ranking, but increases by 6.4 points over the study period.  By 

removing the two species which never achieve a viable climate envelop in the FBR region, the 

average deciduous group resiliency ranking would increase by an additional 1.7 points.  Overall, 

the average of all southern Maine tree species illustrate an identical resiliency change over time 

as the deciduous category, with a marginally higher final score of 4.2 near the year 2100.  Although 

not studied here, other species of southern affinity, from the New England States, may also acquire 

sustainable climate envelope scores to be viable in the FBR under climate change scenarios.   

  

 
Figure 5.  Averaged resiliency rankings calculated from values in table 4.1.b are illustrated here for three groups.  Non-

native coniferous tree species (softwood), non-native deciduous tree species (hardwood) and all non-native tree 

species combined, are displayed for the present and three future time periods. 

 

 

Tree-ring Evaluation 
 

Only 15 tree species old enough to provide acceptable chronologies for response function analysis 

could be found (Table 4).  The goal of the tree-ring based evaluation was to see which local 

monthly climate variables trees in the FBR respond to or, said another way, which climate variables 

tend to drive or limit tree growth the most.  This tells us what aspects of climate local tree species 

have been the most sensitive to in the past.  None of the response functions calculated are listed 

in this report.  This evaluation produces a qualitative pseudo-confidence estimate.  Table 4 lists 

how well the response functions support the climate envelope variables.  Using balsam fir as an 

example, the past climate envelop illustrated a very high climate affinity of +9.31 out of a perfect 

+10 while the future mid-century, moderate climate change scenario exhibits a decline category 
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listing.  The response function for balsam fir demonstrates October precipitation as a positive 

growth driver and hot July temperatures as a growth limitation.  These generally agree with the 

climate envelope variables, thus a very high evaluation score and more certainty in the “decline” 

ranking.  It should be noted that many trees of the Acadian Forest live in relatively complacent 

conditions with a small amount of climatic stress.  This resulted in few significant response 

functions and a less robust tree-ring evaluation procedure.  This situation lends evidence to the 

theory species will be removed from their ranges by disturbance and increased competition, 

rather than an inability to survive in warmer climates. 

 
Table 4.  Native trees for which tree-ring chronologies and corresponding response functions were prepared.  Climate 

envelope values illustrate ranking for past time periods out of the -10 to +10 scale used elsewhere in this report.  

Resiliency displays the rankings for each tree species for the mid-century forecast period under the moderate climate 

change scenario (RCP 4.5).  The tree-ring evaluation gives a qualitative pseudo-confidence estimate between response 

functions and climate envelope variables. 

 
Tree Species 

Climate Envelope Resiliency Tree-ring 

 1970-2000 2041-2070 Evaluation 

N
at

iv
e 

C
o

n
if

er
o

u
s 

Balsam Fir - Abies balsamea 9.31 Decline Very High 

Black spruce - Picea mariana 7.19 Decline High 

Eastern Hemlock - Tsuga canadensis 7.37 Prosper Moderate 

Eastern White Cedar - Thuja occidentalis 1.40 Persevere Moderate 

Jack pine - Pinus banksiana 1.00 Decline Very High 

Red pine - Pinus resinosa 5.49 Persevere Very High 

Red spruce - Picea rubens 8.70 Decline High 

White pine - Pinus strobus 8.07 Prosper High 

White spruce - Picea glauca 7.08 Decline Moderate 

N
at

iv
e 

D
ec

id
u

o
u

s American Beech - Fagus grandifolia 7.83 Proliferate High 

Large Toothed Aspen - Populus grandidentata 0.55 Decline Moderate 

Red Maple - Acer rubrum 8.91 Proliferate Moderate 

Red Oak - Quercus rubra 2.94 Prosper Moderate 

Sugar Maple - Acer saccharum 7.87 Prosper Low 

Yellow Birch - Betula allenghaniensis 7.70 Decline Moderate 

  

Population Scale Disturbance Factors 
 

In addition to climate envelop data, natural, introduced and future disturbance types that could 

affect tree species populations through wide scale mortality were considered.  These were based 

on disturbances occurring in other parts of the tree species’ ranges that have an assumed 

likelihood of affecting trees in the FBR during future time periods.  Identified disturbance agents 

were aggregated for each type and subtracted from the overall resiliency rankings. 
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Disturbance Agents and Anthropogenic Forces   
 

Documented cases of population scale disturbance in the FBR region illustrate large scale mortality 

of balsam fir and spruce caused by spruce budworm (Choristoneura fumiferana, Clemens) six times 

since 1760 (Blais 1983).  American beech trees began to suffer from the introduced Beech Bark 

Canker disease during the 1930’s in the FBR causing wide spread mortality and reductions of beech 

productivity (Ehrlich, 1934).  Large scale dieback of white and yellow birch trees was linked to 

thaw/refreeze disturbance during the 1940s (Bourque et al. 2005).  Dutch Elm disease spread 

throughout Eastern Canada during the mid-1900’s, which resulted in the mortality of most white 

elm trees.  The eastern tent caterpillar (Malacosoma americanum, Frabricius) repeatedly 

defoliates aspen trees and sometimes kills trees.  In recent years, balsam fir wooly adelgid (Adelges 

piceae, Ratzeburg) and spruce bark beetle have begun to cause what may result in population 

scale mortality of fir and spruce trees (Quiring and Ostaff 2007, Phillips et al. 2013). 

 

“In recent years, balsam fir wooly adelgid and spruce bark beetle 

have begun to cause what may result in population scale 

mortality of fir and spruce trees.” 
 

Meanwhile, several invasive pests are making their way toward the FBR region.  The butternut 

canker (Ophiognomonia clavigignenti-juglandacearum) is in the area and expected to cause much 

damage to that species; however, currently butternut is rare.  The emerald ash borer (Agrilus 

planipennis) is spreading across the continent and will likely reach the FBR region in the coming 

decades.  The mountain pine beetle is expected to spread across the jack pine range in the 

southern boreal forest, possibly destroying mature jack pine stands in the FBR. 

Many more insects, diseases, animal (e.g. deer browse on cedar) and weather events (e.g. ice 

storms) can and will play a role in forest disturbance.  The scores given to the identified agents in 

this study have been conservatively scored and several may have a much greater potential to 

cause population scale disturbance then what has been accounted for here.  Of course, over the 

past two centuries or more, humans have had, by far, the greatest impact on tree species 

distribution and composition in the forest; however, the human factor is not accounted for in this 

report’s assessment of disturbance agents. 
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Master Resiliency Ranking Data 
 

The following three figures provide the individualized disturbance agent scores for each time 

period and species.  Due to large requirements of space, the specific insects, diseases, animals and 

abiotic events are not presented in this report. 

 

Table 5  This table displays the tree species resiliency rankings for the period 2011-2040.  Trees species are sorted by 
native versus non-native and then further sorted into coniferous and deciduous.  The first numeric column “CE” lists 
presence/absence values between +10 to -10 for calculated climate envelop suitability of the 1970 – 2000 tree species 
range.  The second numeric column “2011-40” lists presence/absence values between +10 to -10 for calculated 
climate envelope suitability of the projected 2011 – 2040 tree species range under the RCP 4.5 scenario.  The third 
numeric column “I” lists estimated values between 0 – 3, of potential tree species insect induced mortality for the 
2011- 2040 period.  The forth numeric column “D” lists estimated values between 0 – 3, of potential tree species 
disease induced mortality for the 2011 - 2040 period.  The fifth numeric column “AB” lists estimated values between 
0 – 1, of potential tree species mortality due to animal browse for the 2011 – 2040 period.  The sixth numeric column 
“AE” lists estimated values between 0 – 1, of potential tree mortality due to abiotic events for the 2011 – 2040 period.  
The seventh numeric column “Final” gives a combined resiliency ranking between +10 and -10 for the period 2011 – 
2040.  Shades of grey illustrate high values for lighter shades and lower values for darker shades. 

 Tree Species CE 2011-40 I D AB AE Final 

N
at

iv
e 

C
o

n
if

er
o

u
s 

Sp
ec

ie
s 

Balsam Fir - Abies balsamea 9.3 0.0 2.0 1.5 0.0 0.0 -3.5 

Black spruce - Picea mariana 7.2 0.0 1.5 0.5 0.0 0.5 -2.5 

Eastern Hemlock - Tsuga canadensis 7.4 6.6 0.5 0.0 0.5 0.0 5.6 

Eastern Larch - Larix laricina 6.4 0.0 1.0 0.0 0.0 0.0 -1.0 

Eastern White Cedar - Thuja occidentalis 1.4 0.0 0.0 0.0 0.5 0.0 -0.5 

Jack pine - Pinus banksiana 1.0 0.0 0.5 0.5 0.5 0.5 -2.0 

Red pine - Pinus resinosa 5.5 4.2 0.0 0.0 0.0 0.0 4.2 

Red spruce - Picea rubens 8.7 0.0 1.5 0.0 0.0 0.5 -2.0 

White pine - Pinus strobus 8.1 6.3 0.0 0.5 0.0 0.0 5.8 

White spruce - Picea glauca 7.1 0.0 2.0 0.0 0.5 0.5 -3.0 

N
at

iv
e 

D
ec

id
u

o
u

s 
Sp

ec
ie

s 

American Basswood - Tilia americana 2.7 -0.6 0.0 0.0 0.0 0.0 -0.6 

American Beech - Fagus grandifolia 7.8 9.3 0.0 2.0 0.0 0.0 7.3 

American Mountain Ash - Sorbus americana 6.7 0.0 0.5 0.0 0.0 0.0 -0.5 

Balsam Poplar - Populus balsamifera 5.0 0.0 0.5 0.0 0.0 0.0 -0.5 

Black Ash - Fraxinus nigra 0.0 -0.4 0.0 0.0 0.5 0.0 -0.9 

Black Cherry - Prunus serotina 1.0 7.9 0.0 0.5 0.5 0.0 6.9 

Black Willow - Salix nigra 0.0 0.6 0.0 0.0 0.0 0.0 0.6 

Bur Oak - Quercus macrocarpa 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Butternut - Juglans cinerea 0.0 5.8 0.0 3.0 0.0 0.0 2.8 

Choke Cherry - Prunus virginiana 0.8 0.0 0.5 0.0 0.0 0.0 -0.5 

Grey Birch - Betula populifolia 5.1 1.2 0.0 0.0 0.0 0.0 1.2 

Ironwood - Ostrya virginiana 2.8 6.9 0.0 0.0 0.0 0.0 6.9 

Large Toothed Aspen - Populus grandidentata 0.5 -2.3 0.5 0.5 0.5 0.0 -3.8 

Mountain paper Birch - Betula cordifolia 4.6 7.1 0.5 0.0 0.0 0.0 6.6 
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Mountain Maple - Acer spicatum 0.2 0.0 0.0 0.0 0.0 0.0 0.0 

Pin Cherry - Prunus pensylvanica 3.1 0.0 0.0 0.0 0.0 0.0 0.0 

Red Maple - Acer rubrum 8.9 10.0 0.0 0.0 0.5 0.0 9.5 

Red Oak - Quercus rubra 2.9 6.4 0.5 0.5 0.0 0.0 5.4 

Serviceberry - Amelanchier canadensis 6.9 5.0 0.0 0.0 0.0 0.0 5.0 

Silver Maple - Acer saccharinum 1.0 -0.4 0.0 0.0 0.0 0.5 -0.9 

Striped Maple - Acer pensylvanicum 6.9 3.0 0.0 0.0 0.5 0.0 2.5 

Sugar Maple - Acer saccharum 7.9 5.1 0.0 0.0 0.0 0.5 4.6 

Staghorn Sumac - Rhus typhina 1.0 0.0 0.0 0.0 0.0 0.0 0.0 

Trembling Aspen - Populus tremuloides 2.3 0.0 1.5 0.5 0.0 0.0 -2.0 

White Ash - Fraxinus americana 1.3 7.0 0.5 0.0 0.0 0.0 6.5 

White Birch - Betula papyrifia 6.1 0.0 1.0 0.0 1.0 0.5 -2.5 

White Elm - Ulmus americana 2.3 7.1 0.5 1.0 0.0 0.5 5.1 

Yellow Birch - Betula allenghaniensis 7.7 1.8 1.0 0.5 1.0 0.5 -1.2 

N
-n

 C
 S

 Atlantic White Cedar - Chamaecyparis thyoides 0.0 5.8 0.0 0.0 0.0 0.5 5.3 

Eastern Red Cedar - Juniperus virginiana 0.0 3.3 0.0 0.5 0.5 0.0 2.3 

Pitch Pine - Pinus rigida 0.0 6.7 0.0 0.0 0.0 0.0 6.7 

N
o

n
-n

at
iv

e 
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u
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American chestnut - Castanea dentata 0.0 6.7 1.0 0.0 0.0 0.0 5.7 

American Sycamore - Platanus occidentalis -2.9 0.0 0.0 0.0 0.0 0.0 0.0 

Bitternut Hickory - Carya cordiformis 0.0 5.0 0.0 0.0 0.0 0.0 5.0 

Black Maple - Acer nigrum -2.9 -2.9 0.0 0.0 0.0 0.0 -2.9 

Black Oak - Quercus velutina 0.0 4.0 0.5 0.0 0.0 0.0 3.5 

Black Tupelo - Nyssa sylvatica -10.0 0.0 0.5 0.0 0.0 0.0 -0.5 

Blue Beech - Carpinus caroliniana 0.0 6.9 0.0 0.0 0.0 0.0 6.9 

Flowering Dogwood - Cornus florida -1.9 0.0 0.0 0.0 0.0 0.0 0.0 

Red Elm - Ulmus rubra 0.0 5.8 0.0 3.0 0.0 0.0 2.8 

Sassafras - Sassafras albidum -9.2 0.0 0.0 0.0 0.0 0.5 -0.5 

Scarlet Oak - Quercus coccinea -10.0 0.0 0.5 1.0 0.0 0.0 -1.5 

Shagbark Hickory - Carya ovata 0.0 2.9 1.0 0.0 0.0 0.0 1.9 

Swamp White Oak- Quercus bicolor 0.0 -1.7 0.5 0.5 0.0 0.0 -2.7 

Sweet birch - Betula lenta 0.0 2.3 0.0 0.0 0.0 0.0 2.3 

White oak - Quercus alba -2.5 6.5 0.5 0.5 0.0 0.0 5.5 
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Table 6.  This table displays the tree species resiliency rankings for the period 2041-2070.  Trees species are sorted by 
native versus non-native and then further sorted into coniferous and deciduous.  The first numeric column “CE” lists 
presence/absence values between +10 to -10 for calculated climate envelop suitability of the 1970 – 2000 tree species 
range.  The second numeric column “2041-70” lists presence/absence values between +10 to -10 for calculated 
climate envelope suitability of the projected 2041 – 2070 tree species range under the RCP 4.5 scenario.  The third 
numeric column “I” lists estimated values between 0 – 3, of potential tree species insect induced mortality for the 
2041- 2070 period.  The forth numeric column “D” lists estimated values between 0 – 3, of potential tree species 
disease induced mortality for the 2041 - 2070 period.  The fifth numeric column “AB” lists estimated values between 
0 – 1, of potential tree species mortality due to animal browse for the 2041 – 2070 period.  The sixth numeric column 
“AE” lists estimated values between 0 – 1, of potential tree mortality due to abiotic events for the 2041 – 2070 period.  
The seventh numeric column “Final” gives a combined resiliency ranking between +10 and -10 for the period 2041 – 
2070.  Shades of grey illustrate high values for lighter shades and lower values for darker shades. 

 Tree Species CE 2041-70 I D AB AE Final 
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Balsam Fir - Abies balsamea 9.3 0.0 2.0 1.5 0.0 0.0 -3.5 

Black spruce - Picea mariana 7.2 0.0 1.5 0.5 0.0 0.0 -2.0 

Eastern Hemlock - Tsuga canadensis 7.4 5.7 2.5 0.0 0.5 0.0 2.7 

Eastern Larch - Larix laricina 6.4 0.0 1.0 0.0 0.0 0.0 -1.0 

Eastern White Cedar - Thuja occidentalis 1.4 0.0 0.0 0.0 0.5 0.0 -0.5 

Jack pine - Pinus banksiana 1.0 0.0 2.5 1.5 0.5 0.0 -4.5 

Red pine - Pinus resinosa 5.5 0.0 0.0 0.0 0.0 0.0 0.0 

Red spruce - Picea rubens 8.7 0.0 2.0 0.0 0.0 0.0 -2.0 

White pine - Pinus strobus 8.1 5.9 0.0 0.5 0.0 0.0 5.4 

White spruce - Picea glauca 7.1 0.0 3.0 0.0 0.5 0.0 -3.5 
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American Basswood - Tilia americana 2.7 -1.2 0.0 0.0 0.0 0.0 -1.2 

American Beech - Fagus grandifolia 7.8 8.3 0.0 2.0 0.0 0.0 6.3 

American Mountain Ash - Sorbus americana 6.7 0.0 0.5 0.0 0.0 0.0 -0.5 

Balsam Poplar - Populus balsamifera 5.0 0.0 0.5 0.0 0.0 0.0 -0.5 

Black Ash - Fraxinus nigra 0.0 -1.4 2.0 0.0 0.5 0.0 -3.9 

Black Cherry - Prunus serotina 1.0 7.1 0.0 0.5 0.5 0.0 6.1 

Black Willow - Salix nigra 0.0 -0.6 0.0 0.0 0.0 0.0 -0.6 

Bur Oak - Quercus macrocarpa 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Butternut - Juglans cinerea 0.0 5.2 0.0 3.0 0.0 0.0 2.2 

Choke Cherry - Prunus virginiana 0.8 0.0 0.5 0.0 0.0 0.0 -0.5 

Grey Birch - Betula populifolia 5.1 -3.5 0.0 0.0 0.0 0.0 -3.5 

Ironwood - Ostrya virginiana 2.8 6.9 0.0 0.0 0.0 0.0 6.9 

Large Toothed Aspen - Populus grandidentata 0.5 -3.1 0.5 0.5 0.5 0.0 -4.6 

Mountain paper Birch - Betula cordifolia 4.6 6.4 0.5 0.0 0.0 0.0 5.9 

Mountain Maple - Acer spicatum 0.2 0.0 0.0 0.0 0.0 0.0 0.0 

Pin Cherry - Prunus pensylvanica 3.1 0.0 0.0 0.0 0.0 0.0 0.0 

Red Maple - Acer rubrum 8.9 9.4 0.0 0.0 0.5 0.0 8.9 

Red Oak - Quercus rubra 2.9 6.0 0.5 0.5 0.0 0.0 5.0 

Serviceberry - Amelanchier canadensis 6.9 1.5 0.0 0.0 0.0 0.0 1.5 

Silver Maple - Acer saccharinum 1.0 -1.7 0.0 0.0 0.0 0.0 -1.7 

Striped Maple - Acer pensylvanicum 6.9 0.5 0.0 0.0 0.5 0.0 0.0 

Sugar Maple - Acer saccharum 7.9 3.8 0.0 0.0 0.0 0.0 3.8 
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Staghorn Sumac - Rhus typhina 1.0 0.0 0.0 0.0 0.0 0.0 0.0 

Trembling Aspen - Populus tremuloides 2.3 0.0 1.5 0.5 0.0 0.0 -2.0 

White Ash - Fraxinus americana 1.3 6.6 2.5 1.5 0.0 0.0 2.6 

White Birch - Betula papyrifia 6.1 0.0 1.0 0.0 1.0 0.0 -2.0 

White Elm - Ulmus americana 2.3 6.4 0.5 1.0 0.0 0.0 4.9 

Yellow Birch - Betula allenghaniensis 7.7 0.0 1.0 0.5 1.0 0.0 -2.5 

N
-n

 C
 S

 Atlantic White Cedar - Chamaecyparis thyoides 0.0 6.9 0.0 0.0 0.0 0.0 6.9 

Eastern Red Cedar - Juniperus virginiana 0.0 5.2 0.0 0.5 0.5 0.0 4.2 

Pitch Pine - Pinus rigida 0.0 8.9 0.0 0.0 0.0 0.0 8.9 
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American chestnut - Castanea dentata 0.0 6.7 1.0 0.0 0.0 0.0 5.7 

American Sycamore - Platanus occidentalis -2.9 5.0 0.0 0.0 0.0 0.0 5.0 

Bitternut Hickory - Carya cordiformis 0.0 5.4 0.0 0.0 0.0 0.0 5.4 

Black Maple - Acer nigrum -2.9 -3.7 0.0 0.0 0.0 0.0 -3.7 

Black Oak - Quercus velutina 0.0 6.9 0.5 0.0 0.0 0.0 6.4 

Black Tupelo - Nyssa sylvatica -10.0 1.0 0.5 0.0 0.0 0.0 0.5 

Blue Beech - Carpinus caroliniana 0.0 7.7 0.0 0.0 0.0 0.0 7.7 

Flowering Dogwood - Cornus florida -1.9 0.0 0.0 0.0 0.0 0.0 0.0 

Red Elm - Ulmus rubra 0.0 5.6 0.0 3.0 0.0 0.0 2.6 

Sassafras - Sassafras albidum -9.2 6.7 0.0 0.0 0.0 0.0 6.7 

Scarlet Oak - Quercus coccinea -10.0 6.9 0.5 1.0 0.0 0.0 5.4 

Shagbark Hickory - Carya ovata 0.0 6.9 1.0 0.0 0.0 0.0 5.9 

Swamp White Oak- Quercus bicolor 0.0 -2.9 0.5 0.5 0.0 0.0 -3.9 

Sweet birch - Betula lenta 0.0 0.4 0.0 0.0 0.0 0.0 0.4 

White oak - Quercus alba -2.5 7.1 0.5 0.5 0.0 0.0 6.1 
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Table 7. This table displays the tree species resiliency rankings for the period 2071-2100.  Trees species are sorted by 
native versus non-native and then further sorted into coniferous and deciduous.  The first numeric column “CE” lists 
presence/absence values between +10 to -10 for calculated climate envelop suitability of the 1970 – 2000 tree species 
range.  The second numeric column “2071-00” lists presence/absence values between +10 to -10 for calculated 
climate envelope suitability of the projected 2071 – 2100 tree species range under the RCP 4.5 scenario.  The third 
numeric column “I” lists estimated values between 0 – 3, of potential tree species insect induced mortality for the 
2071 – 2100 period.  The forth numeric column “D” lists estimated values between 0 – 3, of potential tree species 
disease induced mortality for the 2071 – 2100 period.  The fifth numeric column “AB” lists estimated values between 
0 – 1, of potential tree species mortality due to animal browse for the 2071 – 2100 period.  The sixth numeric column 
“AE” lists estimated values between 0 – 1, of potential tree mortality due to abiotic events for the 2071 – 2100 period.  
The seventh numeric column “Final” gives a combined resiliency ranking between +10 and -10 for the period 2071 – 
2100.  Shades of grey illustrate high values for lighter shades and lower values for darker shades. 

 Tree Species CE 2071-00 I D AB AE Final 
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Balsam Fir - Abies balsamea 9.3 0.0 2.0 1.5 0.0 0.0 -3.5 

Black spruce - Picea mariana 7.2 -2.7 1.5 0.5 0.0 0.5 -5.2 

Eastern Hemlock - Tsuga canadensis 7.4 1.9 2.5 0.0 0.5 0.0 -1.1 

Eastern Larch - Larix laricina 6.4 -0.8 1.0 0.0 0.0 0.0 -1.8 

Eastern White Cedar - Thuja occidentalis 1.4 0.0 0.0 0.0 0.5 0.0 -0.5 

Jack pine - Pinus banksiana 1.0 -1.7 2.5 1.5 0.5 0.5 -6.7 

Red pine - Pinus resinosa 5.5 0.0 0.0 0.0 0.0 0.0 0.0 

Red spruce - Picea rubens 8.7 0.0 2.0 0.0 0.0 0.5 -2.5 

White pine - Pinus strobus 8.1 2.9 0.0 0.5 0.0 0.0 2.4 

White spruce - Picea glauca 7.1 -1.2 3.0 0.0 0.5 0.5 -5.2 
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American Basswood - Tilia americana 2.7 -2.3 0.0 0.0 0.0 0.0 -2.3 

American Beech - Fagus grandifolia 7.8 7.7 0.0 2.0 0.0 0.0 5.7 

American Mountain Ash - Sorbus americana 6.7 0.0 0.5 0.0 0.0 0.0 -0.5 

Balsam Poplar - Populus balsamifera 5.0 0.0 0.5 0.0 0.0 0.0 -0.5 

Black Ash - Fraxinus nigra 0.0 -1.9 2.0 0.0 0.5 0.0 -4.4 

Black Cherry - Prunus serotina 1.0 6.5 0.0 0.5 0.5 0.0 5.5 

Black Willow - Salix nigra 0.0 -2.3 0.0 0.0 0.0 0.0 -2.3 

Bur Oak - Quercus macrocarpa 0.0 -0.4 0.0 0.0 0.0 0.0 -0.4 

Butternut - Juglans cinerea 0.0 4.8 0.0 3.0 0.0 0.0 1.8 

Choke Cherry - Prunus virginiana 0.8 0.0 0.5 0.0 0.0 0.0 -0.5 

Grey Birch - Betula populifolia 5.1 -3.5 0.0 0.0 0.0 0.0 -3.5 

Ironwood - Ostrya virginiana 2.8 7.7 0.0 0.0 0.0 0.0 7.7 

Large Toothed Aspen - Populus grandidentata 0.5 -3.7 0.5 0.5 0.5 0.0 -5.2 

Mountain paper Birch - Betula cordifolia 4.6 5.0 0.5 0.0 0.0 0.0 4.5 

Mountain Maple - Acer spicatum 0.2 0.0 0.0 0.0 0.0 0.0 0.0 

Pin Cherry - Prunus pensylvanica 3.1 0.0 0.0 0.0 0.0 0.0 0.0 

Red Maple - Acer rubrum 8.9 8.9 0.0 0.0 0.5 0.0 8.4 

Red Oak - Quercus rubra 2.9 5.6 0.5 0.5 0.0 0.0 4.6 

Serviceberry - Amelanchier canadensis 6.9 0.6 0.0 0.0 0.0 0.0 0.6 

Silver Maple - Acer saccharinum 1.0 -1.4 0.0 0.0 0.0 0.5 -1.9 

Striped Maple - Acer pensylvanicum 6.9 0.0 0.0 0.0 0.5 0.0 -0.5 

Sugar Maple - Acer saccharum 7.9 0.7 0.0 0.0 0.0 0.5 0.2 
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Staghorn Sumac - Rhus typhina 1.0 0.0 0.0 0.0 0.0 0.0 0.0 

Trembling Aspen - Populus tremuloides 2.3 0.0 1.5 0.5 0.0 0.0 -2.0 

White Ash - Fraxinus americana 1.3 5.7 2.5 1.5 0.0 0.0 1.7 

White Birch - Betula papyrifia 6.1 0.0 1.0 0.0 1.0 0.5 -2.5 

White Elm - Ulmus americana 2.3 5.8 0.5 1.0 0.0 0.5 3.8 

Yellow Birch - Betula allenghaniensis 7.7 0.0 1.0 0.5 1.0 0.5 -3.0 

N
-n

 C
 S

 Atlantic White Cedar - Chamaecyparis thyoides 0.0 6.5 0.0 0.0 0.0 0.5 6.0 

Eastern Red Cedar - Juniperus virginiana 0.0 5.0 0.0 0.5 0.5 0.0 4.0 

Pitch Pine - Pinus rigida 0.0 7.5 0.0 0.0 0.0 0.0 7.5 
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American chestnut - Castanea dentata 0.0 6.0 1.0 0.0 0.0 0.0 5.0 

American Sycamore - Platanus occidentalis -2.9 6.4 0.0 0.0 0.0 0.0 6.4 

Bitternut Hickory - Carya cordiformis 0.0 4.4 0.0 0.0 0.0 0.0 4.4 

Black Maple - Acer nigrum -2.9 -4.2 0.0 0.0 0.0 0.0 -4.2 

Black Oak - Quercus velutina 0.0 6.4 0.5 0.0 0.0 0.0 5.9 

Black Tupelo - Nyssa sylvatica -10.0 6.5 0.5 0.0 0.0 0.0 6.0 

Blue Beech - Carpinus caroliniana 0.0 6.9 0.0 0.0 0.0 0.0 6.9 

Flowering Dogwood - Cornus florida -1.9 4.8 0.0 0.0 0.0 0.0 4.8 

Red Elm - Ulmus rubra 0.0 5.8 0.0 3.0 0.0 0.0 2.8 

Sassafras - Sassafras albidum -9.2 6.7 0.0 0.0 0.0 0.5 6.2 

Scarlet Oak - Quercus coccinea -10.0 7.1 0.5 1.0 0.0 0.0 5.6 

Shagbark Hickory - Carya ovata 0.0 7.1 1.0 0.0 0.0 0.0 6.1 

Swamp White Oak- Quercus bicolor 0.0 -3.3 0.5 0.5 0.0 0.0 -4.3 

Sweet birch - Betula lenta 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

White oak - Quercus alba -2.5 6.9 0.5 0.5 0.0 0.0 5.9 

 

 

Forest Resiliency Mapping 

Two variations of forest tree resiliency maps are included in Figures 6 and 7.  Figure 6 illustrates 

forest stand resiliency groups by category.  Due to so little of the category “proliferate” appearing 

on the map, that category was not displayed.  Also, the “disappear” category was absent, therefore 

not displayed.  The “prosper,” “persevere,” and “decline” categories are all included.  Patterns 

appearing on the map include a mix of “persevere” and “decline” throughout the FBR’s areas of 

low elevation in the north and east.  The relatively small areas of “prosper” are located on the 

central Caledonia Highlands where large areas of tolerant hardwood stands grow.  The coastal fog 

forest along the Fundy Coast contains vast areas of the “decline” category, as this forest is 

composed largely of red spruce, white birch, yellow birch, and balsam fir. 
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“The relatively small areas of “prosper” are located on the central 

Caledonia Highlands where large areas of tolerant hardwood 

stands grow.”   

Overall values for area within each category have not yet been calculated.  It is expected that 

overall values would change if data holes were filled.  Forest loss between 2000 and 2013, 

displayed in white on the map, was calculated to be approximately 8% of the entire FBR area, a 

surprisingly large area for a relatively short time period.  Figure 7 illustrates similar patterns but 

displays data in terms of percentage of stand in the “prosper” or “proliferate” category. 

 
Figure 6.  This map illustrates the average category of climate change resiliency for each forest stand. 
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Figure 7.  This map illustrates the percentage of the “prosper” and “proliferate” categories in each forest stand. 

 

Resilient Forest Corridor Mapping 

The first forest corridor map has been created for the FBR region here.  It is based on areas of 

climate change-resilient forest and the most climate change-resilient landscape hexagons as 

detailed in the “Methodology” section of this report.  These combined to form the “resilient 

forest/landscape” layer on the map (Fig. 8).  The primary goal was to link protected areas into a 

forest corridor network least vulnerable to climate change disturbance, which makes connections 

to major external wildlife routes.  The most northeastern corridor runs along the FBR boundary 

from the Canaan Bog Protected Natural Area (PNA), around the cities of Moncton and Dieppe, 

straddling the Memramcook watershed and crossing the Chignecto Isthmus to the province of 

Nova Scotia.  This is by far the most important connection in the region and of highest priority.  

NCC and the Canadian Parks and Wilderness Society (CPAWS) are currently putting efforts into 

developing this corridor.  Significant barriers exist in areas of minimal forest cover and specifically 

where the corridor crosses the route #15 four lane highway between Moncton and Shediac.  NCC 

will be releasing a more detailed analysis on the route of this corridor later in 2015.  The second 

largest priority area is the central hub with five branches a top the Caledonia Highlands, where the 

most contiguous, highly climate change-resilient forest in the FBR is located.  This area is an 

important linkage between Fundy National Park (the core of the FBR) and other key regional PNAs 
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such as Caledonia Gorge and Big Meadows (Turtle Creek Municipal drinking watershed).  In 

addition the headwaters of the Pollett and Little Rivers flow from this location, as well as those 

flowing into the Shepody and Upper Salmon Rivers.  Limited opportunity to connect to the north 

exists currently and the divided #1 highway creates a barrier, as do agriculture and plantations.  

Along the western side of FNP, a smaller corridor makes the connection to another concentration 

of small PNAs and provincial park land around the Big and Little Salmon Rivers. 

“The Chignecto Isthmus corridor is an inter-provincial challenge, 

across a patchwork landscape, with significant barriers.”   

While the effort has been made to produce a first map, we recognize that improvements can be 

made and we are looking forward to the input of communities, governments, industry, woodlot 

owners, residents, NGOs, parks, and any other stakeholders willing to take on this challenge.  The 

Chignecto Isthmus corridor is an inter-provincial challenge across a patchwork landscape with 

significant barriers.  Working alongside the NCC, CPAWS and a large group of stakeholders, this 

will eventually become the first success and set the stage for future connectivity in the FBR. 
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Figure 8.  This is the climate change resilient forest corridors map.  The legend explains the three main data layers. 

DISCUSSION 

The aim of this project is to inform residents, land managers and organizations about the perils of 

climate change on forest ecosystems and to provide recommendations on solutions.  The 

preferred option is to limit climate change to such a low level that FBR area forests are unaffected.  

However, our GHG emission trajectory is not heading in a favorable direction currently, making 

more drastic action unavoidable.  The results contained in this report suggest a moderate climate 

change scenario in a shorter time frame (2041-2070) will be enough to drive large changes in 

forest composition and distribution.  

As this is a forest forecast based on models and some speculative information regarding 

disturbance, caution is advised.   Many variables concerning the future of the forest have a degree 

of uncertainty.  Future GHG levels could easily rise above the moderate expectations of this report, 

requiring much greater response and action by forest managers to maintain healthy forest 

ecosystems.  Re-evaluation of GHG levels should regularly be assessed and adjustments made to 

forest climate change resiliency strategies.  Although assisted migration of southerly tree species 

is currently not recommended, they may very well be an important tool in future situations.  This 
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may be the planting of non-native tree species that would naturally migrated to this area in the 

long-term, or it could mean planting of native tree species from southerly areas containing 

genetics adapted for a warmer climate.   

Perhaps the most important variables with high levels of uncertainty are those in the disturbance 

category.  Great changes have taken place in the forest during the 20th century – think American 

beech bark canker disease or Dutch elm disease – that have altered forest composition and 

ecosystem function.  These invasive diseases were unexpected and devastating.  While current 

invasive species and native disturbance threats are factored into this Forests of the Future 

forecast, it is unknown whether new invasive species may make landfall and cause widespread 

mortality in other important tree species.  Among other unknown aspects of disturbance agents, 

including invasive species, are the effects warming may have on their biotic interactions and 

competitive advantage.  Temperature dependant “enemy release” can occur when thermal 

conditions change the level of success a non-native species experiences in relation to native rivals 

(Fey and Herren 2014).  This suggests that a warming climate may allow non-natives already on 

the landscape to become invasive simply due to temperature change.   

The take-home message is that variables will vary and the actual future outcome of species 

composition and disturbance events is likely to be quite different than what we imagine today.  

Despite forecast uncertainty, managing our forest with biodiversity in mind, while steering in a 

direction of the more climate change favorable tree species is better than the status-quo.  Ignoring 

the issue will likely result in a worse outcome and more unanticipated surprises leading to 

potential ecologic and economic turmoil.  Planting for climate change resiliency is not a full proof 

solution, but taking action will help limit vulnerability. 
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CONCLUSION 

To avoid major shifts in tree species of the Acadian Forest, and accompanying ecosystem effects, 

the moderate and extreme scenarios of climate change must be avoided through intensive global 

mitigation efforts.  This study focused on moderate levels of climate change and has targeted mid-

21st century for planting today the most climate change resilient tree species.  Generally, many 

native species of the FBR Acadian Forest Region demonstrate declining climate change resiliency 

rankings by mid-century because of modeled climate envelop change and increasing disturbance 

threats like insects and disease new to the region.  Although some species will benefit, overall the 

forest will become more vulnerable in a changing climate. 

Mapping the climate change resiliency of the FBR Acadian Forest area has created a powerful 

visualization tool for residents, organizations and all stakeholders to understand what challenge 

lies ahead.  The process has allowed the first climate change-resilient forest corridor network to 

be imagined and the map puts in place a guide for the greater community to work towards. 

The next steps are to work together on achieving a functional corridor across the Chignecto 

Isthmus to Nova Scotia.  New NB Forest Inventory Data can provide a great update to this initial 

project.  More mapping is needed to plot out which resilient forest communities would be best 

suited to which landscape patches.  Then all of the knowledge gained through this process must 

be assembled into useable, easy-to-consume field guides and materials that will reach everyone 

who has an interest or a livelihood tied to the forest of the future. 
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