Species choice and seed sourcing for forestry field experiments to address
climate change across Canada

by

Genevieve Meree Dorrell

A thesis submitted in partial fulfillment of the requirements for the degree of

Master of Science

in
Forest Biology and Management

Department of Renewable Resources
University of Alberta

© Genevie Meree Dorrell, 2025
This work is licensed under CC Attribution 4.0 International



Abstract

Climate change adaptation in forestry will need field tested climate-informed seed transfer
strategies to improve resilience, preserve genetic diversity and ensure long-term health and
productivity of forest ecosystems. This is especially urgent in northern latitudes, such as Canada,
where warming trends have been most pronounced. The large-scale DIVERSE research project
plans to establish such assisted migration trials at 22 forest management areas across Canada
with provincial government and industry participants in British Columbia, Alberta, Ontario,
Nova Scotia, Quebec, and Saskatchewan. We contribute an on-line decision support tool to help
the DIVERSE researchers and forest managers make climate-informed selections of tree species
and seed sources for reforestation. These recommendations include cross-border transfers and

can also include introducing new species beyond their current range limits.

For the climate-informed seed sourcing recommendations, I used the scaled multivariate
Euclidean distance of 12 bioclimatic variables to match seed source’s historic climate to planting
site’s new projected future climates, where source and targets were defined by ecosystem
delineations for Canada and the US. Climate suitability of a species for a target site in the future
was inferred by averaging species’ frequencies of the five ecosystems with the closest climate
distance. This resulted in climate matched source ecosystems and species frequencies for the
2020s, 2050s and 20280s for all the ecosystem delineations. This is a lot of information to

communicate so a web tool (http://tinyurl.com/DIVERSE-SST) was developed for the forest

companies and government stakeholders across Canada that participated in this project.

This Euclidean distance ecosystem-based climate matching approach is a fairly basic type of

species distribution modeling. However, the simplicity of this approach allowed me to


http://tinyurl.com/DIVERSE-SST

incorporate over 240 of the major tree species in North America in the recommendations.
Additionally, the larger geographic scale of the climate matching provided recommendations at a
level more in line with current seed sourcing systems making the recommendations more
operationally relevant. These recommendations are the first step in the establishment of test
plantations to validate whether tree growth, health and survival can be maintained or improved

through large scale operational deployment of assisted migration in Canada.
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1 Introduction

Long-lived species, like trees, take centuries to millennia to adapt to a new climate through
evolution (Beaulieu and Rainville, 2005; Ledig et al., 2012). They also have limited migration
capacity with average range expansion rates of only hundreds of meters per year, which
historically has allowed for moderate shifts over millennia in response to past climate change
(Delcourt and Delcourt, 1987; King and Herstrom, 1997; Ritchie and MacDonald, 1986).
However anthropogenically caused global warming is expected to occur at a rate not previously
observed in geologic time (Lee et al., 2024), which would require trees to migrate at a rate six to
ten times previously observed under the most optimistic circumstances (Aitken et al., 2008;
Davis and Shaw, 2001; Lempriere et al., 2008; Malcolm et al., 2002; Williams and Dumroese,
2013). Researchers predicted that in most circumstances trees would not have enough time to
genetically adapt or migrate with the changing climate (Beaulieu and Rainville, 2005; Chmura et
al., 2011; Ledig et al., 2012; Lo et al., 2011; McKenney et al., 2009), and now forest inventories
are revealing that species on the eastern coast of North America are already failing to track
climate change (Sittaro et al., 2017; Zhu et al., 2012). Manifestations of maladaptation due to this
lag have started to become apparent in recent decades. Despite being adapted to wildfire, boreal
forests in western Canada (Whitman et al., 2019) and pine forests in the southwestern US (Coop
et al., 2016) are struggling to regenerate after fire due to climatically driven increased drought
and shorter wildfire return intervals. Increased drought mortality across Canada has also reduced

carbon sequestration causing a potential climate feedback effect (Liu et al., 2023).

Assisted migration, i.e. actively moving seed sources to new planting locations with appropriate

climate conditions through management, could be an important strategy for preserving the



health, productivity and genetic diversity of North America's forests in a warming world (Jump
and Pefiuelas, 2005; Vitt et al., 2010). Assisted migration field experiments in North America
have yielded promising results for white spruce (Otis Prud’homme et al., 2018), two oak species
in Minnesota (Quercus macrocarpa and Quercus rubra) (Etterson et al., 2020) and the culturally
significant monarch wintering tree Abies religiosa in Mexico (Carbajal-Navarro et al., 2019;
Gomez et al., 2010) to name a few. Currently, after timber harvest, replanting is standard practice
in Canada and the US, so replacing local seed sources with panting stock that is better adapted to
the planting site’s new climate could be implemented operationally at a large scale with little

additional effort or cost.

However, seed movement is normally legislatively restricted through seed zone delineations or
breeding regions, because moving trees too far outside their adapted climate niche has
historically resulted in reduced growth and survival. Seed zones are often derived from
ecosystem delineations, especially for non-commercial tree species (Bower et al., 2014; “NRC
(2006) Natural regions and Subregions of Alberta,” n.d.). While many commercial species have
dedicated seed zones like white pine in the Pacific Northwest (Campbell and Sugano, 1989).
Seed zones generally attempt to delineate genetically homogenous populations of trees at as
large a geographic scale as possible, so seeds can be transferred as far as possible without

concerns of maladaptation.

However, the implied assumption of seed zones that climate is constant is no longer true (Lee et
al., 2024). We now need to calculate new climate informed seed transfer guidelines for assisted
migration experiments. So, researchers in North America are analyzing tree species’ climate

tolerances by repurposing provenance trials and long-distance seed transfer experiments,



originally designed to optimize tree growth (Park and Rodgers, 2023). Provence trials across a
climate gradient can be used to model the relationship between a population’s growth and
climate variables. To help illuminate this relationship further, new provenance experiments have
also been established to specifically address climate change. For example, in British Columbia, a
large scale Assisted Migration and Adaptation Trial (AMAT) covers 15 native species at 48
different sites in western North America to test comparative species population performance

along climatic gradients (O’Neill et al., 2013).
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Figure 1. The DIVERSE project participants’ 22 forest management areas across Canada where assisted migration
trials will be established

DIVERSE is Another new large-scale assisted migration trial project with provincial government
and industry participants in British Columbia, Alberta, Ontario, Nova Scotia, Quebec, and
Saskatchewan (Figure 1). However instead of planting populations along a climate gradient, a

task that would be to operationally taxing for a project of this scale, they instead plan to test



assisted migration recommendations directly at their partner’s planting sites (Figure 1). The
DIVERSE project is particularly interested in functional diversity so, the DIVERSE project
needs climate informed seed sourcing as well as comprehensive species recommendations at a
continental scale. Providing the DIVERSE project with these recommendations is the aim of this

thesis.

Calculating assisted migration seed sources requires matching the new projected climate at a
planting site with the historic climate that planting stock is adapted to. There are currently two
decision support tools that facilitate this type of climate matching for all of North America
(McKenney et al., 1999; St. Clair et al., 2022). Both tools compare the planting site’s new
projected climate to the historic climate at a rasterized scale and then the user can layer this
rasterized output with current seed zones to determine commercially available seed sources.
Additionally, both tools do provide assisted migration recommendations for some species where
prevenance trial data was available but, neither provide comprehensive species recommendations
like the DIVERSE project requires. Additionally, while layering seed sourcing delineations on
top of rasterized output is good solution for calculating assisted migration recommendations for a
few planting sites, this individual analysis is not feasible for recommendations at scale the

DIVERSE project needs. These limitations forced us to implement a simpler solution.

Instead of climate matching at the pixel level we climate matched at the ecosystem and seed zone
level, using a simple multivariate Euclidean distance for climate comparison. Although this
ecosystem-based climate matching approach is a fairly basic type of species distribution
modeling for which a variety of advanced methods exist (Aradjo and Peterson, 2012), this

simpler approach is easier to communicate because it produces recommendations for seed



transfer from specific origins to specific targets at the geographic scale of current seed sourcing
systems. Additionally, by using ecosystem delineations in combination with ecosystem derived
forestry specific seed zones we were able to include non-commercial trees species without seed
zones as well as facilitate the range expansion of commercial tree species to locations where seed
zones have not yet been delineated (Linyucheva and Kindimann, 2021). Climate matching at a
larger geographic scale also helped us provide comprehensive species recommendations.
Deciding what species to plant over time requires the analysis of a species favorable climate over
time at a planting site and this can be implied by the species frequencies of the planting site’s
climate matches. However, if climate matching is done at a smaller scale that is a lot of
information to calculate computationally but more importantly it is a lot of data to communicate
for each climate match. So again, climate matching at a large scale made the species
recommendations less computationally demanding and most importantly easier to communicate.
Additionally, this approach does not require population specific experimental data from progeny
or provenance trials, although such information can be integrated as additional layer as shown by
O’Neill et al., (2017). This chosen approach combines methodological elements of a proposed
seed transfer system for British Columbia (O’Neill et al., 2017), and ecosystem-based

provisional seed zones for native plants for the United States (Bower et al., 2014).

In this thesis, | aim to contribute an analysis with the overall objective of building a general
framework to support climate-informed species choices and seed sourcing. Because the chosen
methodology does not make use of species-specific provenance test data, or assisted migration
trials, the seed transfer recommendations from this research should be considered provisional,

and they are specifically meant to support the establishment of test plantations as opposed to



recommending operational scale assisted migration prescriptions. My specific objectives include

the following:

(1) Use climate habitat suitability modeling to infer future habitat of tree species under

climate change to support viable species choices for reforestation.

(2) Provide tabular summaries for the forest management areas of stakeholders of the
DIVERSE project, listing which species would be best suited and most relevant in the

long term for their holdings.

(3) Develop an ecosystem-based climate matching approach to match target sites with

potential seed source locations that contain the preferred species for reforestation.

(4) Provide this information through an on-line seed selection tool for the forest management

areas of stakeholders of the DIVERSE project.

2  Literature review of assisted migration

This is a literature review of assisted migration and the methodologies used to calculate seed
sourcing recommendations for climate change adaptation experiments in forestry, with a focus
on first Canada and then North America. | additionally take a closer look at habitat suitability

modeling methodologies in general.

2.1 History of assisted migration in forestry

Humans have been shaping forested ecosystems for thousands of years by moving seeds around.

There is evidence that prehistoric Aboriginal groups in Australia intentionally dispersed
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Castanospermum australe (Fabaceae), a culturally significant riparian tree species (Rossetto et
al., 2017). In eastern North America there is evidence that indigenous communities planted and
extended the ranges of fruiting trees such as oak (Quercus), hickory (Carya) and chestnut
(Castanea) (Abrams and Nowacki, 2008). In the last few hundred years the modern field of
forestry has developed, and it also has a rich history of intentionally migrating seeds, usually
with the purpose of maximizing timber production (Bennett, 2015; Brus et al., 2019; Hirsch et
al., 2020; Kellison et al., 2013; Myking et al., 2016). Now with rapid anthropogenically caused
climate change, foresters are looking to again move seed sources but this time to preserve
ecosystem function as well as timber production by using southern seed sources more adapted to
the changing climate. In the modern context of forest science, this practice is referred to as
assisted migration. This was first proposed as a conservation strategy for long lived less mobile
species like trees in 1985 by Peters (Peters and Darling, 1985; Williams and Dumroese, 2013)
and coined species translation (Griffith et al., 1989). The initial suggestion for assisted migration
was met with “the ethical question of whether to deliberately manage natural systems or allow
them to adapt on their own.” (Aubin et al., 2011; Pelai et al., 2021). Western science has
historically separated human intervention from the “natural order” of the ecosystems. I argue that
humans were always a driving influence on the ecosystems around us even in North America
(Rossetto et al., 2017) and that this is especially true in the Anthropocene era with the
greenhouse gas fueled rapidly changing climate. Now 40 years later, as the impacts of climate
change intensify interest in assisted migration is growing. Recently, researchers have even
suggested moving pollen as a form of assisted migration (Chludil et al., 2025). It has also been

suggested for urban foresters due to the harsher conditions of the city scape (Fontaine and



Larson, 2016) and there is evidence it could even be helpful for preserving the biodiversity of

forest herbs (Van Daele et al., 2022).

2.2 Development of seed sourcing in North American forestry

Now, before providing new climate based seed sourcing guidelines it is important to understand
the current seed sourcing methodologies. Seed transfer guidelines were developed because
foresters noticed that planting seed sources too far from their origin resulted in decreased growth
and survival (“BEC Map,” n.d.; “NRC (2006) Natural regions and Subregions of Alberta,” n.d.;
Campbell and Sugano, 1989; O’Neill et al., 2013). As early as 1930 in the United States
regulations on seed sourcing distances were proposed (Bates, 1930). From there guidelines and
then regulations developed at the provincial and regional levels, first from field observations, and
then later provenance trials and genetic data (O’Neill et al., 2017). Now in North America seed
transfer guidelines and regulations are common practice for most forested areas in the US and
Canada. And most regional areas have developed tools to help with seed selection based on the
principle that local seed sources are best (“BEC Map,” n.d.; “NRC (2006) Natural regions and
Subregions of Alberta,” n.d.; Bower et al., 2014; Campbell and Sugano, 1989; O’Neill et al.,

2017).

Fixed seed zones are a common seed transfer system. Seed zones are defined areas (geospatial
polygons) where seeds can be transferred within but not between. There are also focal point seed
transfer systems. These systems provide guidance based on how far away the seed source is in
elevation and latitudinal and longitudinal distance from the planting site. British Columbia’s seed
transfer system is a combination of fixed seed zones for seed orchards and mixed fixed and focal

point guidelines for natural stand seed sources (O’Neill et al., 2017). Washington and Oregon



have species-specific fixed seed zones with more granular elevation transfer guidelines
(Campbell and Sugano, 1989). Alberta on the other hand uses its most granular ecosystem
delimitations as seed zones (“NRC (2006) Natural regions and Subregions of Alberta,” n.d.).
Ecosystems are often the starting point for the delineation of seed zones where none exists
(Johnson et al., 2004). The regional scale specificity of seed zones means coordination will be
required for assisted migration. Providing seed sourcing recommendation at the local seed
sourcing level could facilitate the implementation of assisted migration with little additional cost

because replanting after harvest is already standard practice in Canada and the US.

2.3 Risks of assisted migration in Forestry

However, the current, local is best, seed sourcing guidelines highlight that there is of risk
involved in seed transfer and assisted migration is no exception. When considering assisted
migration, the risk of no action must first be weighed against the risk of intervention (Aitken et
al., 2008). A 2010 (15 year old) global review of drought and heat-induced tree mortality
revealed that climate change could already be increasing background tree mortality rates and die-
off (Allen et al., 2010). In Canada increased disturbances like wildfire and bark beetle highlight
the maladaptation of forests (Bentz et al., 2010; Coop et al., 2016; Gauthier et al., 2015;
Whitman et al., 2019) . | argue that for long lived slow migrating species like trees the risk of
inaction likely outweighs the risk of intentional and ecologically informed assisted migration,
because once genetic diversity is lost for long lived species it can take millennia to redevelop

(Aitken and Bemmels, 2016; Hampe and Petit, 2005).



There are three types of assisted migration with different levels of risk that Researchers usually
differentiate between (Leech et al., 2011; Winder et al., 2011). The least risky type of assisted
migration is assisted population migration, planting non-local seed sources but still within the
species’ existing range. The second type is assisted range expansion, planting species outside of
but still adjacent to their existing range. Assisted range expansion is a bit riskier due to the
possibility of different soil quality and community compositions outside of the species existing
ranges. Lastly, the most extreme version is translocation of exotics, planting trees far outside
their current geographic range: inter-regional, transcontinental, or intercontinental seed transfer
(Johnson et al., 2013). Our recommendations only include the native tree species in North
America and focus on the first two types of assisted migration. Only focusing on the first two
types of assisted migration reduces the risk of migrated species disrupting the current ecosystem
and in the worst case becoming an invasive species because plants are the least prevalent
intracontinental invasive species taxonomic group (Mueller and Hellmann, 2008). Additionally
in North America there are already so many native species to preserve, and choose from for
assisted migration experiments, so translocation of exotics in this case is risky and unnecessary.
Also, the DIVERSE project is focused on native North America species. Therefore, for this

review | focus on the first two types of assisted migration.

When considering the two less ecologically risky versions of assisted migration a more relevant
obstacle to implementation of assisted migration than invasive risk is that it might not be
successful (Girardin et al., 2021; Grady et al., 2015). A recent study using the LANDIS-1I model
found that assisted migration could improve forest productivity under moderate climate change
scenarios, but its effectiveness declined significantly in more extreme climatic change scenarios

(Gustafson et al., 2023). One mechanism that could be contributing to this finding is that there is
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evidence that there will be a rise in novel climates as climate change intensifies (Williams and
Jackson, 2007). While the majority of these novel climates are expected to be in tropical and
subtropical regions where it will be hotter than any existing ecosystems are adapted to, if the
transfer distance is limited 500 km, as climate change increases so does the risk of novel climates
throughout North America (Williams and Jackson, 2007). This means there simply might not be
a viable seed source for assisted migration, within a species range. Additionally, even if the
climate is not novel there still might not be a viable forested seed source. For example, A recent
paper used provenance data in Spain to simulate Scots pine growth in an extreme emissions
scenario and found that traditional seed sourcing was just as successful as climate informed seed
sourcing because there was a lack of forested climate matched seed sources (Notivol et al.,
2020). Additionally, the planting window could be quite small if climate zones shift at the rate
predicted (Gray and Hamann, 2013). Another critique is that assisted migration seed sourcing
recommendations are usually based on climate data alone and there are other factors besides
climate that could affect success including novel biotic interactions, current necessary tree
associated species and different soil qualities at the edge of species ranges (Winder et al., 2011).
Additionally, if the assisted migration seed sources are maladapted but survive and breed with
local populations, they could reduce the local adaptation of the current trees through gene flow
(Lenormand, 2002). That is why field experiments of climate matched seed sources, like the ones
being implemented by the DIVERSE team, are an important second step before operationalizing

assisted migration to mitigate ecological and financial risk.
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2.4 Obstacles to assisted migration implementation

Assisted migration was first proposed 40 years ago and as the impacts of climate change
intensify there is growing interest in it as an adaptation measure (Dumroese et al., 2015;
Koralewski et al., 2015; Saenz-Romero et al., 2020; Williams and Dumroese, 2014). There are
field experiments indicating its possible efficacy (Taibi et al., 2016; Young et al., 2020). Yet
there is limited larger scale implementation. The first obstacle to implementation is a lack of
reliable seed source guidelines for assisted migration (Aubin et al., 2011; Palik et al., 2022; Royo
et al., 2023; Stanturf et al., 2024). This is partially due to a lack of field research because climate
matched seedlings ideally should be tested in the field before the recommendations are
operationalized (Royo et al., 2023). This is further complicated with short planting windows.
Additionally, it is not just the current seed sourcing technology but other forestry management
tools like growth and yield models that assume a stable climate (Stanturf et al., 2024). This
means that a lot of the forestry management tools will need to be redeveloped to provide climate
informed predictions. That being said, local silvicultural knowledge is still invaluable for assisted
migration implementation. Climate informed assisted migration seed recommendations usually
do not consider biotic interaction and site factors; local silvicultural knowledge and planting
guides from both the seed source and planting site can be used to bridge that gap (Park and

Talbot, 2018).

Another obstacle to implementation is that the current policy around seed sourcing often does not
allow for assisted migration. Current seed sourcing policy is country and region specific. In the
US assisted migration is legally very narrowly allowed (Aubin et al., 2011; Johnson et al., 2013).
While in British Columbia for larch assisted migration has already been implemented as an

extension of best practices, because it was for conservative and was based on extensive genetic
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data and field experiments supporting the policy change (Klenk, 2015). Effective and
coordinated assisted migration would require cooperation and integration of multiple regional
seed sourcing schemes, researchers and government institutions. Which is what this project
hopes to work towards with continental scale assisted migration recommendations and the seed

sourcing tool for DIVERSE field experiments.

2.5 History of habitat suitability modeling

Habitat suitability modeling has its origins in historic distribution observation (Schimper, 1902),
and the conservation of animals like the black bullhead fish, Ictalurus melas (Stuber, 1982).
However, in forestry, habitat suitability modeling has its origins in provenance selection for
increased yield (Bourdo Jr, 1955; Pecchi et al., 2019). As research about climate change
advanced and became more widely accepted, researchers attempted to model the connection
between distribution data and climate (Booth, 2018; Pecchi et al., 2019; Rathore and Sharma,
2023). Habitat suitability modelers started to focus on predicting range shifts (e.g., how tree
species distributions might change under different climate scenarios). This lead to researchers
assessing risk by identifying species with shrinking habitat (Gray and Hamann, 2013; Hamann
and Wang, 2006; Iverson et al., 2019; Rehfeldt et al., 2006), determining what species could
benefit from assisted migration (Benito-Garzon and Fernandez-Manjarrés, 2015), and analyzing
the effects of climate and disturbance on ecosystem change (Schneider et al., 2009). All these use
cases have resulted in prolific literature about habitat stability modeling. In google scholar the

search for forest &"species distribution modeling™ returns 22.500 results.

However, the majority of these papers are focused on answering the question of what will

happen to the landscape in the predicted new climate (Martinez-Minaya et al., 2018; Nieto-
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Lugilde et al., 2018), not proving assisted migrations recommendations. Additionally, many
scientists just used abundance data (Waldock et al., 2022) and climate data to produce these
predictions. This methodology overestimates species and ecosystem shifts especially for trees
because mature trees can survive outside their climatic niche (Hogg, 1994) and the natural
migration of trees is limited by seed availability, soil quality, and biotic interactions, not just
climate. So, Real-world species and ecosystem shift being is much slower than climate based
habitat suitability modeling. This resulted in a lot of well-deserved push back citing that this
methodology disregarded dispersal, soil, phenotypic elasticity, and disturbance effects (Liu et al.,
2009; Santini et al., 2021). This resulted in more complex models attempting to account for these
external factors. For example, in Canada where wildfire plays a key role, researchers
incorporated disturbance into their scenario to account for the plasticity of mature trees
(Schneider et al., 2009). While there are limitations to the real-world migration prediction
capabilities of habitat suitability modeling based on climate data, it is the tool to use for
calculating climate adapted seed sources and species for assisted migration (Aradjo and Peterson,

2012).

2.6 Habitat suitability modeling and assisted migration

Climate adapted seed sourcing recommendations do not need to provide a comprehensive
realistic prediction of the effects of climate change on living trees. Seed sourcing
recommendations are trying to simply determine what seed sources would be best adapted to the
new climate and this justifies a simpler solution. In this case a simple climate site comparison
(climate matching). That is not to say abiotic and biotic disturbances should not be considered in

assisted migration experiments. In fact, the main criticism of papers in opposition to assisted
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migration is that soil and biotic factors are not considered in most assisted migration
recommendations (Xu and Prescott, 2024). Instead, the question is whether that consideration
should be addressed within the seed source modeling or with site specific silvicultural
knowledge. The Xu and Prescott comprehensive 2024 review of assisted migration in forestry
called for models that integrated non-climatic factors in assisted migration seed recommendation.
Often soil data is left out of habitat suitability modeling due to lack of data and it can artificially
shorten assisted migration distances resulting in poor climate matches. Additionally, what parts
of the soil are important for what species vary. However, not including soil, leads to the
assumption that the leading edge of a species' future climate niche has suitable soil which can
cause overestimation of suitable habitat (Burns, 1990; Feng et al., 2020) and reduce the precision
and efficacy of assisted migration strategies (Xu and Prescott, 2024). Park and Talbot (2018)
suggest silvicultural knowledge can fill these gaps. For example, in Mexico integrating
ectomycorrhizal fungal communities into their assisted migration experiments with Abies
religiosa had promising results (Argielles-Moyao and Garibay-Orijel, 2018). | predict a
combined approach that utilizes the biotic and soil data widely available in North America to
filter out climate matched seed sources but is not incorporated in calculating the climate matches
themselves could be successful if data is widely available. However, overcomplicating models or
including incomplete data can make the recommendations harder to interpret and in the worst
case provide misleading recommendations. Further interdisciplinary research like the DIVERSE
assisted migration trials is needed to determine if local silvicultural knowledge or more intricate
modeling is called for to take habitat suitability modeling from species mapping to climate-
informed tools that guide forest conservation, reforestation, and policy decisions in a warming

world.
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2.7 Habitat suitability modeling methodology

In the literature habitat suitability models are calculated by matching historic climate to projected
climates under climate change (climate matching) or by developing trait-based models tying tree
growth to climate variables (Xu and Prescott, 2024). The methodology used to develop these

recommendations is quite different and they both have different strengths and weaknesses.

2.7.1 Trait-modeling recommendations

Trait modeling recommendations require extensive provenance trials of a species and different
seed sources across an environmental gradient to model the growth response of a seed source to
climate. For example, Ukrainetz et al. (2011) uses trait-based modeling to demonstrate that a
focal point seed transfer system that simply calculates the growth reduction expected as
seedlings are planted further from their source could reduce the seed collections needed and help
implement more flexible assisted migration recommendations. Like most trait model-based
recommendations this paper looked at a limited number of species, in this case three interior
spruce species and their hybrids in British Columbia, because the development of these models
requires provenance trials to model the relationship between tree growth and climate. Because
this approach is at the species population level it doesn’t account for community biotic
interactions and traditionally assumes no soil variation unless that is explicitly added (Buri et al.,
2017; Feng et al., 2020; Xu and Prescott, 2024). Additionally, sometimes growth rate, the trait
most models are attempting to optimize, isn't the most important trait and can increase risk
especially in extreme climates. For example, in more extreme northern climates survival rate is

of higher priority than growth rate (Burns, 1990). However, if developed it is a more flexible
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seed transfer system than fixed seed zones and climate niche recommendations, so it could be

helpful in more remote areas with fewer seed lots (Ukrainetz et al., 2011).

2.7.2 Climatic matched recommendations

Climatic niche modeling uses historic climate data and distribution data to determine the climatic
niche, and then, uses general circulation model’s climate projections to map the climatic niche
onto predicted future climates. This is similar to the methodology of a lot of the papers focused
on predicting how climate change might impact species distribution because the data needed for
this analysis is often publicly available (Wang et al., 2025). Additionally, it can be applied to all
the tree species at once if species distribution or abundance data is available for the historic
climate niches. Another strength is that the seed source recommendation location is not
influenced by any biotic or soil interactions because traditionally only climate data is considered
when calculating the climate matches. However, Species recommendations with this
methodology are still affected by non-climate driven abundance factors, such as deforestation

and soil types.

Trait and niche modeling approaches can be combined. Climate niche models can be used for
seed sources and trait models can be utilized to assess the planting sites suitability for specific
species. In general, Trait models can be too aggressive while climate niche recommendations are
not supported by field experiments. A combined approach, when possible, can provide robust
recommendations. However, due to the extensive field trials needed for trait models and the large
scale of the DIVERSE project, with a diverse array of species, climate matching is more

operationally feasible, so I focus more on climate matching for the rest of the review.
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2.7.3 Climate niche scale

How the niches are defined is key to successful assisted migration recommendations. Ideally the
recommendations should be at the population level. The population should be defined with the
goal of minimizing genetic variation within the niche and maximizing genetic variation between
each niche (Gray and Hamann, 2013; Hamann and Wang, 2006; O’Neill et al., 2017). Hamann
et al. (2011) developed a seed transfer system using genetic variation and climate data to
calculate the best seed zones for assisted migration. Specifically, they used latitude and elevation
as a proxy for climate variation and created partitions where the most genetic variation could be
explained by the climate proxy variables. They then use those values to inform seed zones for
seed transfer guidelines. This must be done at the species level because it requires an extensive
genetic data set for each species. So, while not feasible for the DIVERSE assisted migration
experiments, it explicitly illustrates how assisted migration could help preserve genetic diversity
and how important the climate niche delineations are for effective genetic conservation with
assisted migration (Hamann et al., 2011). Additional research on genetic diversity and seed zones
can always help confirm assisted migration recommendations are helping to preserve genetic
diversity. However, minimizing genetic variation within the niche and maximizing genetic
variation between each niche has been the goal of seed zones developed in the last century based
on decades of provenance trials, observation and in some cases genetic testing. So, | argue that
the current ecosystem delineations and seed zones are likely already a good proxy for genetic

diversity and good scale to provide assisted migration seed transfer recommendations.

Researchers in British Columbia, after using a multiple criteria decision making framework came
to the same conclusion and decided to build off of the current a current ecosystem zoning system

in British Columbia, specifically the bio geoclimatic ecosystem classification (BEC) zones
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(“BEC Map,” n.d.; O’Neill et al., 2017). In British Columbia the BEC zones were developed
from observation (MacKinnon et al., 1992) and improved with the provenance trials of the
Assisted Migration Adaptation Trial (AMAT) project, so they are particularly suited to assisted
migration because they represent species response to different climates. However, The
DIVERSE team is testing species outside their current ranges where there might not be seed
zones. In this case ecosystem delineations are often the starting point for seed zone development

and are the best available substitute (Linyucheva and Kindlmann, 2021).

It should be noted that climate niche matching can be done at the climate niche level, species
level and at the rasterized pixel level. And that it has already been done for all north America at
the ecosystem to pixel level (Rehfeldt et al., 2006), and on the west coast at the tree species
ranges at the pixel to pixel level (Gray and Hamann, 2013) and in many more studies (Aradjo
and Peterson, 2012). However, these studies did not provide specific operational assisted
migration recommendations. | chose to provide our recommendations at the geographically
larger climate niche to climate niche level because that level is still genetically relevant and

integrates with current seed sourcing and planting guidelines making it more operationally clear.

2.7.4 Climate matching algorithms

The scale of recommendations additionally influences the type of model used to match the
historic climate to the new climate projections. Modelers have used random forest for rasterized
ecosystem to pixel matching (Rehfeldt et al., 2012) and neural networks have even been
suggested for climate change impact predictions (Beery et al., 2021; Gobeyn et al., 2019; Li and
Wang, 2013). These machine learning regression models work great for pixel level predictions or

ecosystem to pixel predictions because these algorithms consider all the climate data within the
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ecosystem and develop cutoffs for ecosystem classification or relationships between climate
variables and species abundance (regression). However, assisted migration experiments usually
involve testing multiple seed sources, the DIVERSE project is no exception. So,
recommendations of multiple seed sources ranked by the quality of the climate match are needed
and this is not something that can be done elegantly with a Neural network or a random forest

model.

All of the current assisted migration tools mathematically compare climates instead of using
machine leaning models, independent of the scale they provide predictions at (McKenney et al.,
1999; O’Neill et al., 2017; St. Clair et al., 2022). Two of the tools determine the climate matches
by calculating the Euclidean distance of multiple climate variables. The simplicity of the
Euclidean climatic distance means it can easily be determined what climatic variables are
farthest and closest to the current climate; while machine learning algorithms predictions are
more of a black box with limited data on what led to the prediction, especially for neural
networks. For a simple climate comparison at the larger ecosystem geographic the increased
precision of machine learning modeling techniques would likely not impact recommendations
and would add unnecessary complexity and computational demands. However, it should be
noted that using the average normalized climate of an ecosystem to represent its climate, as is
done when calculating the Euclidean climate distance, does disregard the climate ranges within
ecosystems (Schneider, 2004). This goes back to how important it is that the recommendation

delineations are relatively homogeneous zones.
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2.8 Climate informed seed sourcing tools

This literature review found three seed sourcing tools that can be used for assisted migration
(McKenney et al., 1999; O’Neill et al., 2017; St. Clair et al., 2022). The first one developed is a
GIS tool that allows the user to compare historic and projected climate data anywhere where a
digital elevation Model and interpolated climate data exists. The other tool that can be applied
across Canada was developed at Oregon State by St. Clair et al. (2022). Both tools help users
create raster maps indicating climate matched areas that could be viable seed sources for assisted
migration. St. Clair et al. (2022) uses the climatic Euclidean distance while (McKenney et al.,
1999) uses a grower metric equation. Both tools are designed to be used by forest managers for
seed selection analysis. However, they both require background knowledge and expertise in
climate modeling and seed selection. They are valuable decision support for experienced
foresters focused on one species or site, but the fine scale of the rasterized recommendations
makes them hard to use for recommendations at the seed lot level for multiple sites like is
required for the 22 partner forest management areas in the DIVERSE project. Additionally,
while both tools incorporate trait-model based species recommendations where possible, the
diverse forest management areas need comprehensive species recommendations for all relevant

tree species.

The last tool is a proposed assisted migration seed transfer system in British Columbia developed
by O’Neill et al. (2017) that climate matches seed zone to seed zone using climate Euclidean
distances and then layers species specific climate based transfer functions, developed from the
AMAT work (O’Neill et al., 2013) to also provide estimates of tree growth for the suggested
seed transfer. This approach is simple and easy to communicate. However, the southern seed

zones will need seed sources from outside of British Columbia. So, as of 2021 they are calling
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for coordinated cross boarder seed transfer from Oregon and Washington (O’Neill and Gomez-
Pineda, 2021). Our work on a continental scale can help with this cross boarder assisted
migration in British Columbia. This methodology is easy to scale and operationally clear.
Additionally with tree species abundance data currently in the seed zones, we can also provide
comprehensive species recommendations. | intend to take this approach and scale it up to include
all of North America to calculate species recommendations for all the DIVERSE forest

management areas.

3 Materials & methods

| used projected and interpolated historic climate data, ecosystem delineations, and tree species
data to calculate seed sources and species recommendations under climate change by matching
ecosystem’s historic climates to the projected future climate for each ecosystem in North
America. All data analysis was done in the python programming language (Van Rossum and
Drake Jr, 1995) using the following python packages (Gillies and others, 2013; Jordahl et al.,

2020; team, 2020).

3.1 Ecosystem delineations

For this study, we selected the most widely used ecosystem delineations for different
jurisdictions in North America. For the continuous US we used the level four ecoregions (“Level
IV Ecoregions of the Conterminous United States,” 2013) delineated by the methodology
described in Omernik and Griffith (2014). For Alaska and Mexico, we had to use the less
granular level three ecoregions (Omernik and Griffith, 2014) because it is what was available.

For Alberta, we used level-4 seed zones because they are ecosystem based and not species

22



specific (“NRC (2006) Natural regions and Subregions of Alberta,” n.d.). For British Columbia,
we selected version 6 of the Biogeoclimatic Ecological Classification (BEC) system for British
Columbia (“BEC Map,” n.d.), described in MacKinnon et al., (1992) so our work can integrate
with their current climate-based seed transfer system (MacKinnon et al., 1992; O’Neill et al.,
2017). For the rest of Canada, we used the terrestrial ecodistricts (Marshall et al., 1996;
“Terrestrial Ecodistricts of Canada,” 2013). This resulted in a combined 2201 ecosystem

delineations of all of North America (Figure 2 left panel).
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Figure 2. (left) Map of ecosystem polygons at the finest hierarchical level available. Note that
the finest available level of ecosystem delineations in Alaska and Mexico are still quite large and
do not track elevation as well as in British Columbia or the lower western United States (right)
map of ecosystems after additional elevation contouring in pink colored by data source

Because some ecosystem delineations in mountainous areas were too broad to capture climatic
gradients, especially in Alaska and Mexico, | added elevation bands to divide the larger
ecosystems into more homogenous climatic delineations (Figure 2 right panel). Specifically, |
subdivided ecosystems that had a Mean Annual Temperature (MAT) range greater than 4°C and

had a Pearson correlation coefficient of at least -0.7 between elevation and MAT for individual
23



grid cells that fell inside the ecosystem. These two criteria identified ecosystems with a large
climatic range of climate values that could be removed by introducing elevation bands. Using
the linear relationship between MAT and elevation, | calculated what change in elevation should
result in a 2-degree Celsius change in MAT, reflecting environmental lapse rates that can vary
between different general regions. Then, I divided the rasterized ecosystems along the calculated
elevation bands, if the split resulted in an ecosystem of at least 1,500 km2. The minimum size of
1,500 km? was meant to only delineate ecosystems of relevant size for management applications,
and to ignore small, fragmented climate regions (e.g. mountain peaks), which were combined
with the adjacent elevation band. This additional subdivision of some ecosystems with elevation
bands raised the total number of ecosystem delineations from 2201 to 2270 for all North

America.

3.2 Climate data

Climate data was generated for a subsample of ~800,000 1km resolution grid cells to represent
the 2270 ecoregions, using the software version ClimateNA v6.40b that contains historical ERA5

anomaly data, available at http://tinyurl.com/ClimateNA, based on methodology described in

Wang et al., (2016). To represent the ecosystem’s climate conditions, I used 11 biologically
relevant climate variables, also referred to as bioclimatic variables (Burns, 1990): Mean Annual
Temperature (MAT), Mean Warmest Month Temperature (MWMT), Mean Coldest Month
Temperature (MCMT), Temperature Difference (TD) or continentality, calculated as MWMT —
MCMT, Extreme Minimum Temperature expected over a 30-year period (EMT), Mean Annual
Precipitation (MAP), May to September growing season precipitation (MSP), Precipitation As

Snow (PAS), Climate Moisture Index (CMI), Growing degree days above 5°C (DD5), Chilling
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Degree Days below 0°C, and Number of Frost Free Days (NFFD). Mountain climates can be
significantly more variable, with a much higher probability of late spring frosts or early fall
frosts, given the same mean annual temperature values as in low elevations or plains, so we also
included elevation as a variable in the climate matching calculations so the recommendations
favor the movement of seed sources northward along similar elevations within mountain ranges

instead of the riskier upward in elevation recommendations.

For our predicted future climate data, we chose an ensemble of 8-general circulation models
from the Coupled Model Intercomparison Project Phase 6 (Eyring et al., 2016; Mahony et al.,
2022) selected by Mahony et al. (2022), consistent with the IPCC's recent assessment of the very
likely range of Earth's equilibrium climate sensitivity (Arias et al., 2021). The ClimateNA
software was used to calculate the selected bioclimatic variables under climate projections for
the 2020s (2011-2030), 2050s (2031-2070) and 2080s (2071-2100) for a “middle of the road”
greenhouse gas emissions scenario (social shared pathway 245). Historic climate periods were
calculated for the 1960s (1951-1980) and 1990s (1981-2010), so that the main climate dataset
for species habitat modeling consisted of five consecutive 30-year climate normal periods, with
the first period 1951-1980 used as the reference climate the tree species populations are adapted

to.

For additional visualization of climate change trends at target sites, decadal climate averages of
interpolated weather stations data from the 1950s (1951-1960), through to the last complete
decade 2010 (2011-1920), plus an incomplete estimate for the 2020s (2021-24 average) were

also generated with the same software (Wang et al., 2016).
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3.3 Climate matching

For climate matching, the Euclidean distance of each ecosystem’s average climate was used
because it is simple, transparent and effective. This is similar to the approach taken in British
Columbia (O’Neill et al., 2017). To prepare the climate data (1960s, 1990s, 2020s, 2050s, and
2080s) for calculating the Euclidean distances I first normalized the skewed variables
log(MAP+10), log(MSP+15), log(CMD+30), log(DD_0+50), log(DD5+700), log(NFFD+400),
log(PAS+10), sign(CMI) * log(abs(CMI)+1) with MAT, MWMT, MCMT, and TD remaining
untransformed. To give each variable the same weight, | scaled all the climate data together
(historic and projected) so that scaled Euclidean distances from different time periods were

comparable by subtracting the combined mean and dividing by the combined standard deviation.

3.4 Expected forest cover

The expected percent of forest cover for each ecosystem was partially derived from the MODIS
vegetation continuous fields (VCF) MOD44B Version 6 (DiMiceli et al., 2021). | converted the
raster to the LCC projection and aggregated the data to a 1km resolution, with an average of

10,516 data points per ecosystem and a minimum of 492 data points per ecosystem. Mean VCF

values by ecosystems are shown in Figure 3 (left panel).

In order to scale expected species frequencies to sum up to the expected forest cover of an
ecosystem, we carried out an additional adjustment for forest cover lost due to human
development based on data provided by Zimmerman et. al (2025). Briefly, MODIS land cover
classification data (Commission for Environmental Cooperation. (2013)., n.d.) was used as a
dependent class variable to train a deep neural network, except agriculture and urban classes
were omitted from the training process. Predictor variables used included 14 climate and 12
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topographic variables, and the model was then applied to the same variables for the same area,
replacing agriculture and urban classes with the landcover class (other than agriculture and
urban) that had the highest probability according to the neural network. Area classified as water
was excluded from both training and prediction. The proportion of the forest cover backfilled by
the neural network was then used to estimate a new expected forest cover (Figure 3, right
panel)(Zimmerman et al., 2025). Subsequently, the backfilled forest cover was used to scale
expected species frequencies to sum up to the backfilled forest cover percentages for each
ecosystem, so climate was more of a driver of species frequencies than human caused

deforestation.
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Figure 3. (right) Ecosystem averages of forest coverage based on MODIS vegetation continuous
field data (left), and with agricultural and urban areas back-filled according to the most probable
land cover class.
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3.5 Tree species data

| inferred tree species compositions for the ecosystems in Alaska using the National US forest
inventory plots (Gray et al., 2012; “National Forest Inventory,” n.d.) data collection and
management methodology described in Gray et al., (2012). | first calculated the average basal
area of all the species in each plot by summing up the basal area of each tree species per plot for
every year that the plot was measured and then took the average basal area per species across all
the years the plot was measured. | then used the provided plot latitude and longitude data to
calculate which ecosystem the plot was in. I used a minimum of 25 plots per forested ecosystem.
| considered ecosystems that were at least 30% forested as forested ecosystems. If the forested
ecosystem did not have enough plots inside it, I used the 25 closet plots. I then took the averaged
total species basal area of each species across all the plots within or near each ecosystem and
used that as a proxy for the species percentages within the ecosystems. It should be noted that the
US Forest Service plot latitude and longitude data is not exact to protect the privacy of
landowners. However, the ecosystems are big enough that exact plot locations were not

necessary.

For Canada (Beaudoin et al., 2018) and the contiguous 48 lower US states (Wilson et al., 2012)
we used two 250 m resolution raster datasets that were generated by training a k nearest neighbor
algorithm on the Canadian and US national forest inventory plots to classify species composition
when given MODIS spectral data as input. To summarize the species composition by ecosystem,
| used the centroid for each pixel in the rasters to determine which ecosystem it was in and then

averaged of the pixel’s percent species compositions by ecosystem.
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For a consistent species nomenclature, | merged the Canadian and US data using the Latin names
and common names wherever that was unambiguously possible and I added the Little’s (1971)
species codes because it is the same nomenclature used for the Silvics of North America (Burns,

1990), which is a widely used reference by forestry practitioners.

3.6  Species recommendations

Using the expected forest cover and the species composition data | scaled individual expected
species frequencies for each ecosystem by the expected forest cover data, so that species’
frequencies of all species + expected non-forested = 100% of the ecosystem land base. To infer
the suitability of species habitat for the climate periods, | used the average species frequency
from the five closest climatic matches. Using an average of five closest climate matches,
mitigates some erratic changes that could arise from poor species frequency estimates for a
single ecosystem due to sparse forest inventory data or an unusual species composition due to

unique soil conditions or other topoedaphic factors in a single ecosystem.

3.7 DIVERSE forest management area summaries and seed sourcing tool

Participants of the DIVERSE project are planning assisted migration experiments for 22 forest
management areas across Canada (Figure 1). To summarize recommendations for the 22 forest
management areas, | calculated area-weighted averages of expected species habitat for the two
historic climate normal periods (1960s and 1990s) and three future periods (2020s, 2050s, and
2080s). These summaries are meant to show which species will be relevant in the future for
forest management in each forest management area. The same data is also reported by the
geographically smaller ecosystems within each forest management area because forest

management area can in some cases span substantial climatic gradients. To communicate all this
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data we developed an on-line webtool (http://tinyurl.com/DIVERSE-SST), meant to select

species and seed sources for a particular planting sites within a forest management area. The web
tool was developed using the leaflet r library (Cheng et al., 2025; R Core Team, 2021). It first
allows users to select a province, forest management area, ecoregion and then eco district for
which they would like to obtain a recommendation (Figure 4). Once selected, the tool displays
the graph of the ecosystem’s climate’s change over time, corresponding species habitat for the
1960s, 1990s, 2020s, 2050s and 2080s and allows the user to filter by ecosystems of Canada and

the United States as potential source locations for planting stock.

Seed Source Selection Tool for Diverse FMAs (DIVERSE-SST)

This web tool (https:/tinyurl.com/diverse-sst) is meant to support the selection of tree species and seed sources for test planatations to address climate change. The tool covers the
forest management areas of the Diverse project stakehodlers. For other planting sites across North America, see here: https:/tinyurl.com/na-sst. For a brief user guide and method
description see this 1-page PDF, with the second page listing know issues and plans for future work.

Select Province: Select Diverse FMA: Select Eco Region: Select Eco District:

--Select-- v v v v| Go Go (new tab)

To start: Select a target FMA and ecosystem, either from the hierarchical drop-down menu above, or by clicking on a circle marker on the map below (use your mouse and scroll-wheel
to zoom and pan). Once you set an ecosystem as target, you can track observed and projected climate change, select appropriate tree species, and see how the area may look like in
the future via View links for climatically matching source ecosystems.

Biome-level Ecosystems
Arctic

Subarctic

Taiga

Boreal

Temperate Mixed
Grass & Shrublands
Steppe & Desert
Southern Pine
Subtropical
Subtropical Montane
Montane

Alpine & Arctic Tundra
Pacific Coast

® @ Northwest Interior
Toronta @ © Mediterranean

New York
Leaflet | © OpenStreetMap, ODbL
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Figure 4. Home page of the online seed source selection tool. Each dot represents one ecosystem
within the 22 DIVERSE forest management, colored by biome according to the legend to the
right.
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4  Results and Discussion

The DIVERSE assisted migration recommendations are based on ecosystem to ecosystem
climate matches. Figure 5 displays the climate matches behind the recommendations through
higher-level summaries of the climate matches’ biomes and expected forest cover, assuming no
human development. The forest cover implies where the climate matches will be operationally

relevant (e.g. whether or not there are trees for seed souring in those climate matches).

The climate matched biome maps are similar to a previous model developed by (Rehfeldt et al.,
2012) that used the more complex random forest model and climate matched at a finer scale.
From a management perspective the northward shift of the grassland biome climate and the
decrease in forested climate matches in Alberta while consistent with other researchers’ findings
(Rehfeldt et al., 2012; Schneider et al., 2009) complicates assisted migration recommendations
for these forested areas and is explored further with more specific examples later in the

discussion.

The 2020s climate matched biomes show a general northward shift which is continued in the
2050s and 2080s with some exceptions. Climates suitable for grassland biomes generally expand
northward into the western boreal forest regions and even appear in Alaska by the 2080s. Other
long-distance climate matches occur between the northeastern mixed forest biome and the
Alberta foothills and coastal Alaska by the 2080s. This was also found by Rehfeldt et al. (2012),
so multiple methodologies concur with respect to general climate matching patterns across the

continent.
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Figure 5. Climatic habitat supportive of different biomes (top panel) and forest cover assuming no human development (bottom
panel) for five consecutive 30-year climate normal periods, including two historic periods (1960s and 1990s) and three future periods
(2020s, 2050s, and 2080s). The predictions are based on a majority vote of biome types or average forest cover from the 5 best
matching level-4 ecosystems



When interpreting Figure 5 it is important to keep in mind that the purpose of Figure 5 is to
summarize the climate matching and species data behind the DIVERSE assisted migration
recommendations. The graph should not be interpreted as a prediction of how species
composition and forest cover will actually change throughout this time frame. Actual changes to
ecosystem composition with long-lived species like trees takes place over much longer time
frames. That said, the shifts in suitable climate habitat can be interpreted as species communities
being potentially in equilibrium in those climate conditions, and maladaptation due to these shifts
in climate conditions can manifest through reduced growth potential and increased tree mortality

(Liu et al., 2023).

4.1 Summaries across forest management area

The analysis of maintenance of species habitat on the forest management areas of the 22 Diverse
partners shows that for the majority of the holdings forest cover (expressed as the sum of
expected individual species frequencies) is maintained from the 1960s through the 2080s (Figure
6). There are exceptions, however, where the expected forest cover is predicted to decline to less
than 20%, namely for Paquia Porcupine and Peace River East, with it also declining in
Kamloops, Sundre and Grande Prairie. These are forest management areas positioned in already
dry ecosystem types of the boreal forest, either in the dry mixed woods of Alberta or near the
southern fringe of the boreal forest, not far from the transition zone to grasslands, and which are

predicted to have reduced climate habitat for forested ecosystems in the future (c.f., Figure 4).
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Figure 6. Maintenance of climatic habitat for forest tree species, summarized for 22 forest
management areas of DIVERSE project participants (upper panel). The line plots show the sum
of historic and future climate habitat (lower left), and the diversity of potential tree species
habitat (lower right).

In terms of tree species diversity, almost all forest management areas are predicted to maintain or
increase the diversity potential of tree species habitat, albeit at a lower level for the central
Canadian forest management areas (green shades). The largest increases in diversity potential
tree species habitat are expected for central-east forest management areas (Wabigoon, Pic, White
River, Spanish, Kenora), where suitable habitat for new species due to historical climate change

trends has already emerged in the in the 1990s as well as for current climatic conditions (2020s).
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Projections of higher diversity of potential tree species habitat also emerged in the 2080s climate
matches for forest management areas in the foothills of Alberta (Blue Ridge and Grande Prairie).
However, this is due to climate matches in northeastern mixed forests (Figure 6) that would be
risky to utilize as seed sources in assisted migration, because it would require transcontinental
migration. Therefore, that increase in diversity is not likely to be realized because it could not

occur through natural migration and it is not recommended from a management perspective.

The increase in diversity of potential tree species habitat is driven by the northward expansion of
climatically suitable habitat of tree species that primarily (or only) occur in the US. This implies
an opportunity for Canadian forestry operators to expand their species portfolio and create more
diverse forest ecosystems with species that under observed and projected climate change could
find suitable habitat conditions in Canada. This increase of diversity through introduced species
could also lead to greater overall functional resilience of forest ecosystems, potentially serving as

a hedge against uncertainty in climate change.

A technical limitation of this analysis is that we potentially have a confounding factor due to the
combination of separate forest inventory sources from the United States and Canada. The US
forest inventory contains more tree species, including minor species, whereas the Canadian
database focuses on major tree species. However, this potential issue was addressed by removing
all tree species that were not classified as a “Major tree” from the US database, and by using the
Shannon’s diversity index that is less driven by species richness but also requires evenness of
species frequencies for a high index value. Thus, increases in Shannon’s diversity (Figure 6) are

mostly driven by new species climate habitat becoming available for major tree species.
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The two forest management areas in central Canada where the analysis implies a significant loss
of forest tree species habitat (Paquia Porcupine, Peace River East) is caused by these holdings
becoming too dry to support forest tree species under projected climate change. The same applies
to a lesser degree to Kamloops and Sundre. This result is consistent with other researchers’
findings (Rehfeldt et al., 2012; Schneider et al., 2009) and Figure 5 that illustrates that dry mixed
wood ecosystems in Alberta will be replaced by climatic habitat more suitable for grasslands in
the future. These forest management areas are not likely to be good candidates for commercial
forestry operations in the future but may become more suitable for other land uses (e.qg.

agriculture, rangelands) if soil conditions are appropriate.

4.2 Future species importance for forest management areas

To communicate to stakeholders what species could be relevant for assisted migration in their
forest management area, | calculated area-weighted averages of species habitat across the
ecosystems within each forest management area. Table 1 is an abbreviated example for the Peace
East River Forest management area in Alberta. Full tables are available for all forest

management areas in the Appendix.

The Peace River East forest management area is one of the central forest management areas that
is expected to lose a large portion of climatic habitat that is suitable to support tree species
(Table 1). Future climate conditions are projected to be similar to historic conditions that have
been largely converted to croplands and range lands. If soil conditions allow, the Peace River
East forest management area is projected to be more suitable for agriculture uses (likely range

land) than for commercial forestry operations. Suitable species habitat for all tree species is
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predicted to decline, although quaking aspen appears to remain a relevant forestry species and

could likely be maintained as a commercial forest tree in the future.

Table 1. Modeled climatic habitat of species for the Peace River East forest management area.
Projections are for five consecutive 30-year climate normal periods, including two historic
periods (1960s and 1990s) and three future periods (2020s, 2050s, and 2080s). The values
represent an estimated proportion of the land base, assuming no human disturbance. An
estimated percent of climate conditions suitable for cropland or rangeland use, are provided as
well as climate conditions not supporting forested ecosystems. The table is for illustration and
does not include all species. For the complete table refer to the Appendix A13.

Scientific name Common name 1960s 1990s 2020s 2050s 2080s

Non forested 45.957 68.983 74.992 87.186 86.387

Cropland 13.727  49.871 50.596  63.048 61.607
Populus tremuloides guaking aspen 22.282 21.103 17.75 8.635 8.291
Picea mariana black spruce 14.142 3.252 2.525 0.522 0.432
Picea glauca white spruce 6.216 2.46 1.551 0.373 0.265
Pinus banksiana jack pine 4.837 0.658 0.549 0.23 0.224
Larix laricina tamarack 2.815 0.56 0.823 0.153 0.188
Populus balsamifera balsam poplar 1.762 1.639 1.283 0.521 0.454
Pinus contorta lodgepole pine 0.526 0.628 0.052 0.001 0.001
Betula papyrifera paper birch 0.506 0.26 0.218 0.234 0.311
Abies balsamea balsam fir 0.079 0.025 0.055 0.247 0.299
Thuja occidentalis northern white cedar 0 0 0.005 0.119 0.199
Fraxinus nigra black ash 0 0 0.004 0.141 0.245
Fraxinus pennsylvanica  green ash 0 0 0.001 0.359 0.534

Although the loss of suitable forest climate in Alberta (predicted in Figure 4, and (Rehfeldt et al.,
2012; Schneider et al., 2009)) is severe in the Peace River East area (Table 1), the current
populations there are still a conservation concern. The combination of loss of forest habitat in
general and rapid loss of habitat for a specific species like lodgepole pine could indicate a rear

edge effect (Hampe and Petit, 2005), meaning those lodgepole pines could be a population
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adapted to the rear southern edge of lodgepole pine’s climatic range, and it could have
adaptations and genetic diversity that are especially important to preserve for usage elsewhere in
assisted migration. Thus, seed collections by the Peace River East operators will potentially have
high value for deployment in other regions that in the future will have climates similar to Peace

River East’s historic climate.

When interpreting the summary Tables of the forest management areas it is important to
remember the corresponding appendices are weighted averages across different ecosystems in
the forest management area. Therefore, the summary tables are not specific enough to directly
guide the establishment of test plantations in larger forest management areas like Peace River.
Recommendations should be given at the geographically smaller ecosystem level within each

forest management area.

4.3 Species recommendations at the ecosystem level

However, there are hundreds of ecosystems in Canada so to communicate the species
recommendations at the ecosystem level an on-line web application was created (Figure 4),

accessible at http://tinyurl.com/DIVERSE-SST. In the next sections the results displayed by the

tool for two contrasting ecosystems (Figure 7) are analyzed as examples of how to interpret
recommendations communicated by the tool. In Figure 7 the lower foothills 1.3 ecosystem on
the left encompasses the majority of the eastern side of the Blue Ridge forest management area

while Algonquin is the only ecosystem in the smaller Haliburton forest management area.
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Figure 7. The lower foothills 1.3 ecosystem (left) and Algonquin ecosystem (right) Light grey

shading indicates the forest management area outline and dark grey shading indicates the
ecosystem.

4.3.1 Climatic analysis for ecosystems

The need for assisted migrations ultimately depends on the magnitude of observed climate
change so the assessment process starts with an analysis of observed climate change compared to
the projections. Once an ecosystem within a forest management area has been chosen in the web-
tool, the first plot shows observed versus projected climate change. Figure 8 is the climate
analysis graphs of the two selected example ecosystems, the lower foothills 1.3 in Blue Ridge
and Algonquin in Haliburton (Figure 7). The solid arrows with black markers represent observed
climate change in consecutive decadal time steps, and the dashed arrows with gray markers
represent consecutive 30-year climate normal averages. The 1960 and 1990 normal periods are
averages from weather station observations, but the 2020s, 2050s and 2080s represent multi-
model future projections. Decadal precipitation time steps are more variable in general while the
30-year normals flatten out variability and show directional climate change. A key result to note
in the climate analysis graphs is if the 1990s climate average is already outside the ecosystem
envelope, like it is in the lower foot hills 1.3 (Figure 8 right) this indicates rapid realized not just

projected climate change and the need for management intervention.
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Figure 8. Climate analysis for the Haliburton ecosystem Algonquin (left) and the Blue Ridge
Lower foothills 1.3 ecosystem (right). The solid black markers are decadal climate averages from
the 1950s to present, observed at weather stations (50s = 1951-1960, ..., 20s* = 2021-2024) and
the solid arrows connect these observed averages sequentially. Consecutive 30-year normal
periods (1960s and 1990s) and the three projected normals (2020s, 2050s, 2080s) are the grey
dots and they are connected with dashed arrows. The dashed circle is the ecosystem envelope
(10" to 90™ percentile).

In both cases (Figure 8), the magnitude and direction of observed and projected climate change
approximately align, meaning selecting species and seed sources with the web tool should be a
viable climate change adaptation strategy. That said, if historic climate change (historic decades
1950s to 2020s) significantly departs from future projections, then any species or population
recommendations should be viewed with caution. Ultimately, we need to adapt to actual climate
change, not the projections. If climate warms faster (or slower) than projected, then operators
may plant for conditions further ahead in time (or less so). Further, increased precipitation can
compensate for increases in temperature in terms of viable species choices. So, if historic climate
change indicates that the site got drier than predicted, then an operator may compensate by
planting for conditions further ahead in time (or vice versa). Additionally, precipitation is one of
the hardest climate variables to predict accurately (Schaller et al., 2011), so the graph also allows

the user to verify the precipitation projection.
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Lastly it is important to note that while the climate analysis graph only displays mean annual
precipitation over mean annual temperature for user assessment of observed versus predicted
climate change, the tool itself calculates climate matched species and seed sources using multiple

bioclimatic variables and elevation.

4.3.2 Loss or emergence of species habitat in ecosystems

If observed and projected climate change align, then the next step is selecting suitable species for
assisted migration and verifying that the climate matched ecosystems are forested. Determining
what species will likely have a future under projected climate change requires analysis of a
species favorable climate over time. Table 2 and Table 3 are abbreviated examples of the
downloadable tables of species frequencies overtime for the two example ecosystems, the
Algonquin ecosystem in the Haliburton forest management area, and the Lower foothills 1.3
ecosystem in the Blue Ridge forest management area. These tables are available for all

DIVERSE ecosystems via the web tool.

When interpreting these tables, it is important to remember that they are not predictions but a
tool to communicate to the user what can grow in the projected climates overtime to help with
species selection. An observed real-world increase in species prevalence is dependent on seed
availability, soil, and competitors, all things intentionally not considered in this climate focused
analysis. Inversely, established trees tend to have incredibly wide climatic tolerances (their
fundamental niche) (Bonan and Sirois, 1992; Hogg, 1994) so mortality in real world populations
due to maladaptation caused by climate change also lags behind climate-based distribution
models. These tables are designed for seed sourcing not to predict real world shifts in species

occurrence.
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Table 2. Species selection table for Algonquin within the Halliburton forest management area.
The values are the average of the 5 closest climate matches for each time period, and all the
values are in % area of the ecosystem. Non-forested area is rescaled to remove human
disturbance. The species’ prevalences are scaled by non-forested area

Scientific name Common name 1960s 1990s 2020s 2050s 2080s

Non-Forested 39.07 3429 3829 3235 36.52

Agriculture 469 461 2082 3655 76.3
Acer saccharum sugar maple 10.75 7.72 6.76 6.38 3.09
Pinus strobus eastern white pine 5.07 7.8 705 518 172
Betula papyrifera paper birch 459 405 139 048 0.16
Acer rubrum red maple 454 684 894 935 521
Abies balsamea balsam fir 425 414 179 0.3 0.03
Betula alleghaniensis yellow birch 34 304 175 096 @ 023
Tsuga canadensis eastern hemlock 318 6.03 657 423 0.59
Thuja occidentalis northern white cedar 287 168 195 152 0.55
Quercus rubra northern red oak 243 314 289 3.63 3.27
Populus tremuloides guaking aspen 206 098 131 208 1.12
Picea glauca white spruce 1.7 103 032 018 048
Picea mariana black spruce 142 093 | 0.06 002 0.01
Fagus grandifolia American beech 1.4 3.06 2.62 1.9 0.61
Populus grandidentata  bigtooth aspen 084 056 062 142 0.66
Tilia americana American basswood 0.82 = 032 083 174 1.96
Pinus banksiana jack pine 081 0.69 | 0.04 0.5 0.69
Pinus resinosa red pine 0.76 0.7 0.67 252 1.3
Fraxinus americana white ash 072 158 3.28 3.6 1.92
Picea rubens red spruce 071 211 117 | 012 0.01
Fraxinus nigra black ash 063 034 044 062 0.51
Acer saccharinum silver maple 056 0.52 0.1 056 2.13
Larix laricina tamarack 043 035 014 015 0.23
Prunus serotina black cherry 043 1.02 221 313 443
Populus balsamifera balsam poplar 0.11 0.06 006 0.05 0.01
Ulmus americana American elm 0.11 0.5 0.7 138 2.73
Quercus alba white oak 0.08 011 036 256 3.52
Fraxinus pennsylvanica green ash 006 004 021 143 375

When looking for suitable species for assisted migration the first step is verifying that the
assisted migration seed sources are forested so there will be populations to use as seed sources.
Both example ecosystem’s expected forest cover (Table 2 and Table 3) remains relatively
consistent. However, Algonquin’s agricultural area in it 2080s is also high (76.3%). This is

because Algonquins climate matches are heavily developed. This highlights why it is important
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to control for human disturbance, so the species’ frequencies more closely represent their
occurrence in that climate. It also highlights the assisted migration has its limitations. Forested
and locally adapted seed sources are still necessary for assisted migration and climate adaptation.
This is not possible if the climate matches are deforested by human development and could be an
issue for Haliburton. That is why preserving genetic diversity and reducing deforestation is still

so important for climate adaptation and conservation.

When looking at the species frequencies it is important to keep in mind what type of assisted
migration you plan to implement. The least risky type of assisted migration is planting the same
species but using a better climate adapted seed source this is referred to as population assisted
migration and should be prioritized. Population assisted migration is possible when a species
retains its relative abundance over time, like sugar maple, norther red oak, red maple, and eastern
white pine in Table 2. In Algonquin all these species are good candidates for population assisted
migration, especially as the climate of the ecosystem shifts outside of its historic envelope

(Figure 8) in the 2020s climate projection.

Assisted migration experiments can also include range expansion which involves introducing
new species when that species appears in seed source recommendations and its prevalence
increases over time. In Algonquin (Table 2) the climate becomes increasingly favorable to black
cherry, American elm, white oak, and green ash over time, possibly indicating a range expansion
northward. However, assisted range expansion is riskier than population migration. The
recommendations only consider elevation and climate variables so site differences in soil and
species competition need to be assessed using tools like local planting guilds and the Silvics of

North America guild (Burns, 1990) before introducing any new species. This additional
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assessment is particularly important for low abundance species that may be niche specialists (e.g.
riparian, specific soils, etc.) and alpine regions with more extreme climates. All these
complicated factors and their interactions are why assisted migration field experiments like the
ones planned by the DIVERSE project are best practice before operationally changing

management practices especially when introducing new species.

Algonquin also has species that decrease in frequency over time (e.g. paper birch and balsam fir).
When it comes to seed sourcing it’s a great risk avoidance strategy to not push the fundamental
niche limits, but rather plant within the realized niche (climates where species would naturally
occur to reduce the risk of pests and diseases that also like the warmer climates. So, from a
management perspective, when replanting it's best to shift to other species over time and if the

site is used for timber, favor the harvest of the maladapted species to reduce risk.

Now looking at the Blue Ridge Lower foothills 1.3 ecosystem climate matches species
frequencies, the 2020s and 2050s show promising species for population assisted migration
(quaking aspen, black spruce, white spruce, lodgepole pine, balsam poplar, tamarack) (Table 3).
However, in the 2080s climate matches, there are a lot of species that appear suddenly and
sometimes at high frequencies (red maple and sugar maple). When new species appear suddenly
and don’t increase in frequency slowly over time it can indicate the species frequency is not the
result of range expansion, but a lack of analog climate matches close enough for population and
range expansion assisted migrations. The lack of analog climate matches can be verified in the

next step.

Table 3. The downloadable species selection table provided by the tool for the lower foothills
1.3 ecosystem in the Blue Ridge forest management area. The values are the average of the 5
closest climate matches for each time period and all the values are in % area of the ecosystem.
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Non-forested area is rescaled to remove human disturbance. The species’ prevalences are scaled
by non-forested area

Scientific name Common name 1960s 1990s 2020s 2050s 2080s
Expected Non-Forested 35.99 38.88 32.98 32.98 34.26
Agriculture 13.74 451 2940 29.40 14.93
Populus tremuloides  quaking aspen 20.47 16.33 _W
Picea mariana black spruce 1521 15.87 1247 1247 4.06
Picea glauca white spruce 10.43 10.30 10.64 10.64 2.96
Pinus contorta lodgepole pine 891 1180 6.23 6.23 0.65
Populus balsamifera  balsam poplar 426 248 547 547 229
Larix laricina tamarack 241 229 207 207 1.37
Acer saccharum sugar maple 9.45
Betula papyrifera paper birch 160 131 162 162 156
Acer rubrum red maple 000 000 000 000 618
Abies balsamea balsam fir 054 055 046 046 3.37
Thuja occidentalis northern white cedar 2.85
Pinus resinosa red pine 247
Tsuga canadensis eastern hemlock 2.16
Pinus strobus eastern white pine 1.97
Tilia americana American basswood 1.67
Fraxinus americana  white ash 1.66
Quercus rubra northern red oak 1.49
Prunus serotina black cherry 1.36
Betula alleghaniensis yellow birch 1.32

4.3.3 Selecting appropriate seed sources

Once species for assisted migration are selected, the last step is the selection of seed sources. The
tool displays the climate matched seed sources on a map (Figure 9) and provides a table of the
seed source ecosystem names, jurisdiction, top ten most prevalent tree species and frequencies,
forest cover, and the climate Euclidean distance of the seed source to the ecosystem's historic
climate for all the time periods. The information in the table can then be used to obtain seedlings
or seeds from the climate matched ecosystems. The bars to the right of the map (Figure 9)
indicated the maximum Euclidean climate distances to use for the climate matched seed sources.

For example, to get seed sources that are climatically close to the selected ecosystem’s projected
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climate in the 2020s you would reduce the largest allowed Euclidean climatic distance on the

2020s slider (Figure 9).
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Figure 9. Climatic matches between a target ecosystem Algonquin (blue marker) and potential
seed sources (circle markers) colored by biome. The sliders to the left indicate the user-set
climate matching criteria in units of a scaled multivariate Euclidean distance. The upper right
map shows the climate matches for all time periods

Currently, the average climate range of operational seed zones corresponds approximately to a
scaled Euclidean distance of 0.5 from it’s center, so if a slider is set to 0.5, this gives a range of
ecosystem climates that are not unlike the typical climatic variance within most operational seed
zones. Thus, 0.5 could be considered a good climate match in the absence of further analysis.
While there are no fixed thresholds for no analogues, values above 1unit of the scaled climate

distance approach no-analogue climate conditions.

When selecting seed sources with the tool it is important to keep in mind the lifespan of the

species you are planting. If the species only has a 50 to 100 year life span like aspen, a good
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climate match for only one climate normal period is needed (Burns, 1990). For longer lived
species like the ones selected for assisted population migration in Algonquin (sugar maple,
norther red oak, red maple, and eastern white pine) (Burns, 1990) a favorable climate for longer
is desired however if that is not possible a favorable climate during establishment and peak
growth stages should be prioritized to increase seedling survival and later tree growth. That is
why when narrowing down the climate matches for Algonquin the user can prioritize the 2020s
(e.g. requiring Euclidean distance of 0.5 or less) so the climate is favorable when the trees are
seedlings. However, favoring the 2020s climate means 2080s maximum Euclidean climate
distance needs to be less strict for this site (0.75 or less). This is often the case due to the rapid
projected rate of climate change. However, all five of the climate matches displayed in Figure 9
are still good candidates for assisted migration experiments and have the species selected above

for Algonquin.

Looking at the lower foothills 1.3 ecosystem, the closest climate Euclidean distance is farther for
all three climate projections than Algonquin (Figure 10). In the 2020s the closest climate match
is good (Euclidean distance of 0.49) but in the 2080s the best climate match has a Euclidean
distance of 0.9 approaching no analog climate confirming what the species tables (Table 3, and

Figure 5) and biome shifts hinted at.
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Figure 10. Climatic matches between a target ecosystem Lower Foothills 1.3. (blue marker) and
potential seed sources (circle markers) colored by biome for two different user settings. The
sliders to the left indicate the user-set climate matching criteria in units of a scaled multivariate
Euclidean distance. The upper right map shows the climate matches for all time periods
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Figure 10 illustrates that when there was no analog climate match for population or range
expansion assisted migration the closest climate matches were transcontinental climate matches
in the northeastern temperate forests. That is what led to the sudden appearance of sugar maple
and red maple in the 2080s in the species frequency table (Table 3). However, even if the climate
match was good (Euclidean distance of <=0.5) for the transcontinental seed sources there would
still be no analog climate unless there was also a good climate match close enough to be used for
population or range expansion assisted migration. That being said, of all the time periods no
analog climate results are of least concern for the 2080s because it is not the current or near
future planting conditions and it has the most uncertainty due to projecting the farthest into the

future.

So, from a management perspective it is encouraging that there are still seed sources for
population assisted migration in the 2020s and 2050s. Even though the climate matches in the
2050s are not ideal (Euclidean distances ranging from 0.73 to 0.83) the climate matches in
Figure 10 are still the closest climate matches in North America for the 2020s and 20250s and
the Lower foothills 1.3 ecosystem has already has observed climate change outside its historic
envelope (Figure 8) in the 1990s so attempted assisted migration is still likely a better
management strategy than inaction. That being said, there is elevated levels uncertainty for
assisted migration experiments in this ecosystem due to the poor climate match in the 2050s and
lack of analog in the 2080s. As climate chang realizes it will become clear if this site actually has
no climate analog. If that does end up being the case the management implications of no climate

analog are currently unclear.
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4.4 General limitations and areas for future research

While it is known that the uncertainty of the climate projections increases as they project farther
into the future, the uncertainty of the climate projections geographically across North America
has not been quantified for this analysis. However, in most management scenarios this additional
information would not impact decision making. For example, if the climate projection’s
uncertainty is high in an ecosystem the only course of action is to increase resilience through
silvicultural practices and by following local planting guides to minimize risk. However, the
DIVERSE team already plans to take these risk minimizing steps for all planting sites because
ideally these risk reduction steps should be standard practice in all untested assisted migration
plantations due to their experimental nature. The only case that the uncertainty of the climate
projections could impact decision making is when selecting sites for assisted migration. For
example, if the user is attempting to choose between different assisted migration sites due to
limited resources. In this case the user could prioritize ecosystem with more confident future

climate projections.

Another methodological limitation is that calculating the climate matches by using the Euclidean
distance of the ecosystem’s average climate assumes that the mean is a good representation of
each ecosystem’s climate. Even with the normalization of skewed variables this does not
mathematically account for the range of the climate conditions experienced within the
ecosystem. To minimize errors from this assumption | included every ecosystem in North
America at a granular level and further divided them with elevation bands to reduce the climatic
variation within them. However, dividing the ecosystems into elevation bands based on climate
data alone, while time efficient, does not consider species distributions. This means the

delineations do not necessarily delineate genetically or ecologically meaningful communities
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where | created the elevation contours. This aspect could be improved by future work to align

elevation bands with changes in tree species community composition.

Future work could also incorporate species-specific seed zones or breeding regions that are in
operational use in both Canada and the United States for major forestry species. Species-specific
seed zones are often larger and climatically much wider than the level-4 ecosystem delineations
(Campbell and Sugano, 1989). That is because the species have been proven not to be genetically
differentiated at the finer scale. Nevertheless, climate matching can still be carried out for
ecosystems to seed zones, from seed zones (seed orchards) to ecosystems, or from seed zones to
seed zones, so future assisted migration tools could include these other types of geographic
delineations that are in operational use. For example, a seed orchard manager may be interested
in which ecosystems (outside their traditional breeding region) their improved planting stock
may be used, or a forest company may want to see options including availability of improved

planting stock from seed orchards for reforestation of a target site.

Another major limitation of this analysis is that it does not include any consideration of soil
types. This means that the soil conditions at a target ecosystem are assumed to be comparable to
those found at the recommended seed source locations, which may not always be true. Therefore,
the users should consult available planting guidelines to determine what soil conditions and
topographic positions species are typically planted in at the source ecosystems and apply the
same guidelines to the target sites. Future research could incorporate soil types into seed source
recommendations at the ecosystem level (through matching available soil variables, similar to an

average ecosystem climate match) but matching species to exact local site conditions will remain
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a task that forest managers must determine for a specific planting site using knowledge of

species’ silvics and local site types.

5 Conclusions

Our approach of using ecosystem delineations as a proxy for climate conditions has some key
practical advantages. Results of climate matches are easy to communicate in terms of where to
source seeds to match target ecosystems within forest management areas for assisted migration
(i.e. move from source ecosystem X to target ecosystem Y). However, no-analogue climates and
potential mismatches of non-climatic site factors warrant testing the recommendations in trial
plantations before using this or other assisted migration tools operationally. While this tool has
limitations, | believe it is likely already preferable to status quo management, at least for 2020s
recommendations to account for climate change that has already materialized. Test plantations
that are established now (2020s) will require some time to yield results so the DIVERSE project
is targeting the 2050s and 2080s climate conditions. Trial results will be available in 20-30 years
as test plantations mature. If they are successful, this work will be an invaluable validation of
assisted migration prescriptions that could provide confidence to recommend them at operational

scales.
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Appendix

Table Al. Atikamekw territory: Modeled climatic habitat for species for five consecutive 30-year
climate normal periods, including two historic periods (1960s and 1990s) and three future periods (2020s,
2050s, and 2080s). Species values represent an estimated proportion of the land base, assuming no human
disturbance. An estimated percent of climate conditions climate conditions suitable for cropland or
rangeland use, are provided as well as climate conditions not supporting forested ecosystems

Scientific name Common name 1960s 1990s 2020s 2050s 2080s
Non-Forested 3448 30.21 32.04 3141 28.79
Agriculture 005 194 422 1078 9.87
Picea mariana black spruce 18.60 992 382 051 031
Betula papyrifera paper birch 13.73 1126 6.65 210 1.66
Pinus banksiana jack pine 655 289 088 019 0.16
Abies balsamea balsam fir 6.42 926 1190 569 443
Populus tremuloides quaking aspen 6.13 562 419 205 1.69
Betula alleghaniensis yellow birch 357 6.62 657 468 452
Picea glauca white spruce 300 345 282 074 043
Acer saccharum sugar maple 175 6.89 924 941 9.68
Acer rubrum red maple 143 411 634 11.84 1271
Thuja occidentalis northern white cedar 125 279 438 189 1.25
Pinus strobus eastern white pine 059 087 084 451 579
Larix laricina tamarack 042 045 044 031 0.29
Picea rubens red spruce 039 141 357 314 290
Populus grandidentata  bigtooth aspen 022 070 072 086 0.80
Picea abies Norway spruce 021 0415 0.08 032 042
Fagus grandifolia American beech 014 094 156 4.01 4.66
Populus balsamifera balsam poplar 012 016 024 013 0.10
Tsuga canadensis eastern hemlock 008 058 115 549 6.83
Fraxinus nigra black ash 006 017 024 022 0.20
Pinus resinosa red pine 006 012 015 052 0.59
Tilia americana American basswood  0.03 021 029 039 0.46
Quercus rubra northern red oak 0.02 012 015 168 231
Fraxinus americana white ash 001 008 021 227 252
Prunus serotina black cherry 001 004 009 230 282
Acer saccharinum silver maple 000 0.06 009 0.06 0.05
Fraxinus pennsylvanica green ash 000 001 003 0.08 0.07
Ulmus americana American elm 000 0.00 002 022 024
Carya cordiformis bitternut hickory 000 0.00 000 0.09 011
Quercus alba white oak 0.00 0.00 0.00 0.09 0.11
Quercus velutina black oak 000 0.00 001 0.05 0.05
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Table 2A. Babine Modeled climatic habitat for species for five consecutive 30-year climate normal
periods, including two historic periods (1960s and 1990s) and three future periods (2020s, 2050s, and

2080s). Species values represent an estimated proportion of the land base, assuming no human

disturbance. An estimated percent of climate conditions climate conditions suitable for cropland or

rangeland use, are provided as well as climate conditions not supporting forested ecosystems

Scientific name Common name 1960s 1990s 2020s 2050s 2080s
Non-Forested 39.72 3758 38.22 37.93 41.72
Agriculture 023 024 072 161 2.00
Pinus contorta lodgepole pine _ 1526 11.80 7.65
Abies lasiocarpa subalpine fir 6.79 6.15 478 395 236
Picea glauca white spruce 535 427 370 243 047
Populus tremuloides guaking aspen 461 438 641 483 254
Pseudotsuga menziesii Douglas fir 210 697 12.05 1484 16.81
Picea engelmannii Engelmann spruce 056 133 170 231 272
Picea mariana black spruce 054 039 036 017 005
Betula papyrifera paper birch 053 083 188 158 1.17
Tsuga mertensiana mountain hemlock 050 046 032 022 0.35
Tsuga heterophylla western hemlock 050 099 126 184 260
Populus balsamifera balsam poplar 044 043 074 062 0.39
Thuja plicata western redcedar 018 102 181 341 511
Abies amabilis Pacific silver fir 012 038 035 042 049
Pinus albicaulis whitebark pine 0.14 0.08 0.15 0.16

Chamaecyparis nootkatensis

Populus trichocarpa
Larix occidentalis
Pinus monticola
Abies balsamea
Pinus ponderosa
Picea sitchensis
Alnus rubra

Abies grandis

Acer saccharum
Thuja occidentalis
Pinus strobus

Acer rubrum
Fraxinus americana
Quercus rubra
Tsuga canadensis
Fagus grandifolia

Alaska cedar
black cottonwood
western larch
western white pine
balsam fir
ponderosa pine
Sitka spruce

red alder

grand fir

sugar maple

northern white cedar

eastern white pine
red maple

white ash
northern red oak
eastern hemlock
American beech

0.67
0.11
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0.07 0.08
0.18
195 3.50

035 0.56

040 1.25

0.09
2.30
0.15

0.26
0.07




Table 3A. Blue Ridge Modeled climatic habitat for species for five consecutive 30-year climate normal
periods, including two historic periods (1960s and 1990s) and three future periods (2020s, 2050s, and
2080s). Species values represent an estimated proportion of the land base, assuming no human
disturbance. An estimated percent of climate conditions climate conditions suitable for cropland or
rangeland use, are provided as well as climate conditions not supporting forested ecosystems

Scientific name Common name 1960s 1990s 2020s 2050s 2080s

32.35 32.73 36.23 39.03 37.38
1535 10.76 24.33 29.20 15.18

Non-Forested
Agriculture

10.45

Populus tremuloides quaking aspen

Picea mariana black spruce 14.47 1583 13.33 1162 459
Pinus contorta lodgepole pine 11.32 13.79 9.08 7.23 1.87
Picea glauca white spruce 10.00 1058 9.58 8.73 3.04
Populus balsamifera balsam poplar 425 294 413 437 1.79
Larix laricina tamarack 204 203 199 184 123
Betula papyrifera paper birch 129 129 138 138 1.35
Abies balsamea balsam fir 066 087 064 061 295
Pinus banksiana jack pine 023 014 016 018 0.3
Picea engelmannii Engelmann spruce 0.11 013 0.06 0.03 0.04
Abies lasiocarpa subalpine fir 0.05 010 003 002 001
Pseudotsuga menziesii  Douglas fir 1001 004 001 009 040
Pinus strobus eastern white pine 0.02 154
Thuja occidentalis northern white cedar 0.06 2.38
Fraxinus nigra black ash 0.05 0.87
Fraxinus pennsylvanica green ash 0.05 0.13
Pinus resinosa red pine 0.05 1.96
Acer rubrum red maple 0.04 5.20
Acer saccharum sugar maple 0.03 8.23
Tilia americana American basswood 0.02 161
Quercus rubra northern red oak 1.24
Populus grandidentata  bigtooth aspen 0.80
Betula alleghaniensis yellow birch 1.15
Ulmus americana American elm 0.23
Pinus ponderosa ponderosa pine 0.34
Tsuga canadensis eastern hemlock 1.77
Prunus serotina black cherry 1.10
Acer saccharinum silver maple 0.02
Fraxinus americana white ash 1.35
Fagus grandifolia American beech 0.80
Picea abies Norway spruce 0.28
Pinus sylvestris Scots pine 0.18
Quercus alba white oak 0.15
Carya cordiformis bitternut hickory 0.11
Quercus prinus chestnut oak 0.10

64




Table 4A. Bois Francs Modeled climatic habitat for species for five consecutive 30-year climate normal
periods, including two historic periods (1960s and 1990s) and three future periods (2020s, 2050s, and
2080s). Species values represent an estimated proportion of the land base, assuming no human
disturbance. An estimated percent of climate conditions climate conditions suitable for cropland or
rangeland use, are provided as well as climate conditions not supporting forested ecosystems

Scientific name Common name 1960s 1990s 2020s 2050s 2080s

Non-Forested 33.67 33.20 49.42 46.98 28.11

Agriculture 22.74 13.88 2358 24.79 30.12
Abies balsamea balsam fir 1163 1132 178 058 | 0.13
Acer rubrum red maple 7.92 862 853 999 1292
Thuja occidentalis northern white cedar = 595 6.54 153 059 | 0.05
Acer saccharum sugar maple 578 478 6.22 349 384
Betula papyrifera paper birch 453 368 106 054 045
Populus tremuloides guaking aspen 451 355 166 079 0.66
Picea rubens red spruce 429 459 1.09 056 @ 0.17
Betula alleghaniensis yellow birch 388 358 216 127 0.85
Picea mariana black spruce 270 197 | 014 0.02 0.01
Tsuga canadensis eastern hemlock 228 391 426 470 546
Picea glauca white spruce 218 162 033 | 0.06 0.04
Fagus grandifolia American beech 164 189 238 176 159
Pinus strobus eastern white pine 146 3.06 412 7.89 817
Larix laricina tamarack 082 068 025 0413 0.16
Populus grandidentata  bigtooth aspen 0.67 078 087 049 0.61
Fraxinus americana white ash 065 091 255 206 3.16
Pinus banksiana jack pine 049 041 008 0.038 0.02
Fraxinus nigra black ash 035 042 049 023 0.06
Populus balsamifera balsam poplar 032 018 0.09 0.03 0.00
Quercus rubra northern red oak 026 042 150 393 6.49
Pinus resinosa red pine 025 038 051 035 035
Tilia americana American basswood = 0.16 0.18 0.78 052 0.51
Prunus serotina black cherry 012 022 166 182 247
Acer saccharinum silver maple 009 009 026 031 0.35
Ulmus americana American elm 008 011 0.70 0.67 0.76
Picea abies Norway spruce 007 007 034 019 0.23
Fraxinus pennsylvanica green ash 005 006 024 024 029
Quercus velutina black oak 0.03 0.02 007 149 236
Quercus alba white oak 0.02 0.02 018 140 3.75
Carya cordiformis bitternut hickory 001 001 023 022 031
Juniperus virginiana eastern redcedar 000 000 006 025 044
Pinus sylvestris Scots pine 000 001 022 017 013
Carya ovata shagbark hickory 000 0.00 008 036 0.70
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Table 5A. Chilliwack Modeled climatic habitat for species for five consecutive 30-year climate normal
periods, including two historic periods (1960s and 1990s) and three future periods (2020s, 2050s, and
2080s). Species values represent an estimated proportion of the land base, assuming no human
disturbance. An estimated percent of climate conditions climate conditions suitable for cropland or
rangeland use, are provided as well as climate conditions not supporting forested ecosystems

Scientific name Common name 1960s 1990s 2020s 2050s 2080s

Non-Forested 53.53 45.73 43.89 42.43 36.40

Agriculture 144 152 240 529 3.37
Pseudotsuga menziesii Douglas fir 10.95 14.25 16.67 18.89 22.99
Tsuga heterophylla western hemlock 8.10 10.57 855 8.07 9.87
Abies amabilis Pacific silver fir 3.88 559 390 434 470
Thuja plicata western redcedar 352 422 490 429 465
Tsuga mertensiana mountain hemlock ~ 3.11 249 219 201 1.90
Alnus rubra red alder 179 220 195 222 244
Abies lasiocarpa subalpine fir 150 157 176 148 133
Chamaecyparis nootkatensis  Alaska cedar 144 152 118 1.04 0.98
Pinus contorta lodgepole pine 08 071 135 124 0.89
Acer macrophyllum bigleaf maple 053 055 073 087 096
Picea sitchensis Sitka spruce 053 066 039 032 0.36
Picea engelmannii Engelmannspruce 024 032 0.79 058 0.58
Abies procera noble fir 023 036 029 029 045
Populus trichocarpa black cottonwood  0.22 0.17 022 025 0.26
Abies grandis grand fir 0.17 015 258 193 2.06
Picea glauca white spruce 0.16 0.05 0.04 002 0.00
Populus balsamifera balsam poplar 0.15 0.13 008 0.16 @ 0.02
Pinus albicaulis whitebark pine 015 0.15 010 0.09 0.08
Abies balsamea balsam fir 0.15 008 0.07 0.01 0.00
Picea mariana black spruce 0.14 0.08 0.07 001 0.00
Betula papyrifera paper birch 012 011 012 0.13 0.06
Populus tremuloides quaking aspen 0.11 011 0.09 0.11 0.03
Pinus ponderosa ponderosa pine 0.08 006 032 026 0.27
Acer rubrum red maple 0.08 014 024 @ 001 0.15
Pinus monticola western white pine | 0.07 0.05 020 019 0.19
Larix occidentalis western larch 005 006 070 051 0.49
Abies concolor white fir 004 004 0.06 0.08 0.12
Picea rubens red spruce 003 018 0.18  0.01 0.00
Acer saccharum sugar maple 003 0.02 0.02 0.00 0.07
Pinus lambertiana sugar pine 000 001 003 0.09 012
Quercus rubra northern red oak 0.00 001 001 0.00 0.13
Pinus strobus eastern white pine | 0.000 006 0.06 0.00 0.04
Sequoia sempervirens redwood 000 000 000 0.08 0.08
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Table 6A. Grand Prairie Modeled climatic habitat for species for five consecutive 30-year climate
normal periods, including two historic periods (1960s and 1990s) and three future periods (2020s, 2050s,
and 2080s). Species values represent an estimated proportion of the land base, assuming no human
disturbance. An estimated percent of climate conditions climate conditions suitable for cropland or
rangeland use, are provided as well as climate conditions not supporting forested ecosystems

Scientific name Common name 1960s 1990s 2020s 2050s 2080s

Non-Forested 3422 36.55 38.46 47.87 54.14

Agriculture

11.88 13.64 18.42 28.85 25.06

Populus tremuloides

guaking aspen

9.62

Pinus contorta lodgepole pine 1519 1535 11.63 7.86 2.35
Picea mariana black spruce 11.34 1167 1092 8.62 2.66
Picea glauca white spruce 925 933 862 6.67 274
Populus balsamifera balsam poplar 344 294 364 333 163
Picea engelmannii Engelmann spruce 156 149 089 0.67 059
Larix laricina tamarack 133 119 143 125 071
Betula papyrifera paper birch 084 084 098 089 1.06
Abies lasiocarpa subalpine fir 080 089 067 043 048
Abies balsamea balsam fir 072 094 072 048 115
Pinus banksiana jack pine 023 011 011 010 0.19
Pseudotsuga menziesii ~ Douglas fir 0.18 0.18 046 123 246
Pinus albicaulis whitebark pine 0.03 003 0.06 0.08 0.06
Larix occidentalis western larch 003 003 009 015 0.28
Thuja plicata western redcedar 001 001 002 001 032
Tsuga heterophylla western hemlock 0.01 001 o0.01 0.06
Populus trichocarpa black cottonwood 001 0.01 0.01 0.02
Pinus strobus eastern white pine 0.57
Pinus ponderosa ponderosa pine 048 3.72
Abies grandis grand fir 0.42
Thuja occidentalis northern white cedar 1.02
Acer saccharum sugar maple 3.72
Acer rubrum red maple 2.16
Tsuga canadensis eastern hemlock 0.74
Tilia americana American basswood 0.73
Pinus resinosa red pine 0.68
Fraxinus americana white ash 0.56
Betula alleghaniensis yellow birch 0.52
Quercus rubra northern red oak 0.46
Prunus serotina black cherry 0.45
Fraxinus nigra black ash 0.36
Fagus grandifolia American beech 0.32
Populus grandidentata  bigtooth aspen 0.31
Fraxinus pennsylvanica green ash 0.14
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Table 7A. Haliburton Modeled climatic habitat for species for five consecutive 30-year climate normal
periods, including two historic periods (1960s and 1990s) and three future periods (2020s, 2050s, and
2080s). Species values represent an estimated proportion of the land base, assuming no human
disturbance. An estimated percent of climate conditions climate conditions suitable for cropland or
rangeland use, are provided as well as climate conditions not supporting forested ecosystems

Scientific name Common name 1960s 1990s 2020s 2050s 2080s

Non-Forested 39.07 3429 38.29 3235 36.52

Agriculture 469 461 2082 36.55 76.30
Acer saccharum sugar maple 10.75 7.72 6.76 6.38 3.09
Pinus strobus eastern white pine 507 780 7.05 518 1.72
Betula papyrifera paper birch 459 405 139 048 0.16
Acer rubrum red maple 454 684 894 935 521
Abies balsamea balsam fir 425 414 179 030 0.03
Betula alleghaniensis yellow birch 340 304 175 09 | 0.23
Tsuga canadensis eastern hemlock 318 6.03 657 423 059
Thuja occidentalis northern white cedar 2.87 168 195 152 0.55
Quercus rubra northern red oak 243 314 289 363 3.27
Populus tremuloides guaking aspen 206 098 131 208 112
Picea glauca white spruce 170 103 032 018 048
Picea mariana black spruce 142 093 | 006 0.02 0.01
Fagus grandifolia American beech 140 3.06 262 190 0.61
Populus grandidentata  bigtooth aspen 084 056 062 142 0.66
Tilia americana American basswood 082 032 083 174 196
Pinus banksiana jack pine 081 069 | 004 050 0.69
Pinus resinosa red pine 076 070 067 252 1.30
Fraxinus americana white ash 0.72 158 328 360 1.92
Picea rubens red spruce 071 211 117 | 012 0.01
Fraxinus nigra black ash 063 034 044 062 051
Acer saccharinum silver maple 056 052 @ 010 056 213
Larix laricina tamarack 043 035 014 015 0.23
Prunus serotina black cherry 043 102 221 313 443
Populus balsamifera balsam poplar 0.11 006 006 0.05 0.01
Ulmus americana American elm 011 015 0.70 138 273
Quercus alba white oak 0.08 011 036 256 352
Fraxinus pennsylvanica green ash 006 004 021 143 3.75
Picea abies Norway spruce 003 021 057 058 @ 0.18
Carya cordiformis bitternut hickory 003 005 029 040 084
Pinus sylvestris Scots pine 003 008 026 042 054
Juniperus virginiana eastern redcedar 003 003 008 018 1.03
Quercus velutina black oak 002 003 015 128 210
Populus deltoides eastern cottonwood | 0.01 001 004 031 234
Carya ovata shagbark hickory 001 002 017 054 1.06
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Table 8A. Kamloops Modeled climatic habitat for species for five consecutive 30-year climate normal
periods, including two historic periods (1960s and 1990s) and three future periods (2020s, 2050s, and
2080s). Species values represent an estimated proportion of the land base, assuming no human
disturbance. An estimated percent of climate conditions climate conditions suitable for cropland or
rangeland use, are provided as well as climate conditions not supporting forested ecosystems

Scientific name Common name 1960s 1990s 2020s 2050s 2080s

Non-Forested 32.92 3456 4510 57.94 61.08

Agriculture 006 004 024 221 199
Pinus contorta lodgepole pine 30.78 2446 16.30 6.24 450
Pseudotsuga menziesii  Douglas fir 8.62 10.47 14.02 13.16 12.86
Abies lasiocarpa subalpine fir 482 545 376 272 212
Picea engelmannii Engelmannspruce 3.98 501 386 291 237
Populus tremuloides quaking aspen 274 239 165 090 @ 0.16
Picea glauca white spruce 254 160 056 | 012 @ 0.00
Larix occidentalis western larch 118 222 391 350 3.03
Thuja plicata western redcedar 082 112 144 147 172
Betula papyrifera paper birch 035 041 035 018 0.20
Picea mariana black spruce 026 015 0.01 0.00 0.00
Tsuga heterophylla western hemlock 024 034 046 044 0.38
Populus balsamifera balsam poplar 0.16 0.17 0.14 0.05 0.00
Pinus albicaulis whitebark pine 014 014 024 017 0.14
Pinus monticola western white pine © 0.09 013 019 016 0.14
Pinus ponderosa ponderosa pine 008 013 153 395 4093
Abies amabilis Pacific silver fir 0.02 0.05 0.04 002 0.02
Tsuga mertensiana mountain hemlock ©0.00 002 016 051 0.55
Abies grandis grand fir 000 005 107 391 490
Populus trichocarpa black cottonwood | 0.00 0.00 0.05 0.15 0.15
Abies concolor white fir 0.00 000 0.03 019 0.34
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Table 9A. Kenauk Modeled climatic habitat for species for five consecutive 30-year climate normal
periods, including two historic periods (1960s and 1990s) and three future periods (2020s, 2050s, and
2080s). Species values represent an estimated proportion of the land base, assuming no human
disturbance. An estimated percent of climate conditions climate conditions suitable for cropland or
rangeland use, are provided as well as climate conditions not supporting forested ecosystems

Scientific name Common name 1960s 1990s 2020s 2050s 2080s

Non-Forested 29.21 29.32 31.83 24.12 24.03

Agriculture 301 323 864 885 1819
Abies balsamea balsam fir 12.71 12.78 513 283 0.99
Acer saccharum sugar maple 992 993 921 995 846
Betula papyrifera paper birch 729 722 208 171 120
Betula alleghaniensis yellow birch 6.77 6.75 413 437 282
Acer rubrum red maple 593 6.01 11.01 1350 13.57
Picea mariana black spruce 479 477 033 | 005 0.01
Thuja occidentalis northern white cedar  4.29 429 162 064 0.25
Populus tremuloides guaking aspen 386 390 179 108 111
Picea rubens red spruce 375 379 331 310 1.06
Picea glauca white spruce 309 308 055 012 0.08
Fagus grandifolia American beech 155 155 437 561 398
Pinus strobus eastern white pine 083 075 571 7.49 8.96
Pinus banksiana jack pine 080 0.78 017 0.01 0.01
Tsuga canadensis eastern hemlock 070 071 654 878 8.73
Populus grandidentata  bigtooth aspen 066 065 095 083 0.74
Larix laricina tamarack 045 045 026 021 0.15
Tilia americana American basswood = 023 023 040 045 0.60
Populus balsamifera balsam poplar 021 021 012 0.03 0.02
Fraxinus nigra black ash 020 020 024 016 0.12
Pinus resinosa red pine 019 0.17 040 058 0.60
Fraxinus americana white ash 017 017 226 308 3.89
Quercus rubra northern red oak 015 013 203 332 6.38
Picea abies Norway spruce 009 009 042 047 029
Acer saccharinum silver maple 0.08 0.07 005 0.03 0.07
Prunus serotina black cherry 006 006 182 304 326
Fraxinus pennsylvanica green ash 001 001 006 0.07 015
Ulmus americana American elm 001 001 023 029 0.39
Quercus alba white oak 0.00 0.00 0.09 014 o0.61
Carya cordiformis bitternut hickory 000 000 007 014 0.25
Quercus velutina black oak 000 0.00 004 0.07 053
Pinus sylvestris Scots pine 000 000 015 018 0.17
Quercus prinus chestnut oak 000 000 004 0.09 064
Carya ovata shagbark hickory 000 000 003 005 021
Robinia pseudoacacia  black locust 0.00 0.00 002 0.03 0.08
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Table 10A. Kenora Modeled climatic habitat for species for five consecutive 30-year climate normal
periods, including two historic periods (1960s and 1990s) and three future periods (2020s, 2050s, and
2080s). Species values represent an estimated proportion of the land base, assuming no human
disturbance. An estimated percent of climate conditions climate conditions suitable for cropland or
rangeland use, are provided as well as climate conditions not supporting forested ecosystems

Scientific name Common name 1960s 1990s 2020s 2050s 2080s

Non-Forested 59.15 43.71 62.59 65.19 56.26

Agriculture 3.69 332 30.72 65.87 79.39
Picea mariana black spruce - 891 324 062 @ 0.10
Pinus banksiana jack pine 785 323 275 099 042
Betula papyrifera paper birch 311 372 207 116 0.87
Abies balsamea balsam fir 261 553 149 040 011
Populus tremuloides quaking aspen 145 1057 592 460 3.40
Picea glauca white spruce 122 127 078 023 0.20
Larix laricina tamarack 116 320 120 053 0.33
Thuja occidentalis northern white cedar 0.69 494 091 048 0.47
Pinus strobus eastern white pine 034 104 055 077 081
Fraxinus nigra black ash 034 322 150 139 108
Pinus resinosa red pine 031 240 190 184 216
Populus balsamifera balsam poplar 0.18 115 037 022 0.10
Fraxinus pennsylvanica green ash 1006 028 087 1.85 245
Fraxinus americana white ash 005 001 007 009 039
Tilia americana American basswood [ 001 082 1.82 244 3.9
Ulmus americana American elm 020 048 1.05 2.09
Acer rubrum red maple 186 086 137 216
Acer saccharum sugar maple 084 095 091 176
Betula alleghaniensis  yellow birch 000 016 006 009 0.09
Acer saccharinum silver maple 0.14 072 152
Populus grandidentata  bigtooth aspen 038 075 078 0.72

Quercus rubra
Tsuga canadensis
Prunus serotina
Quercus velutina
Quercus alba
Pinus sylvestris
Populus deltoides
Juniperus virginiana
Celtis occidentalis
Carya cordiformis
Juglans nigra

0.34
0.09

northern red oak
eastern hemlock
black cherry
black oak

white oak

Scots pine
gastern cottonwood
eastern redcedar
hackberry
bitternut hickory
black walnut
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1.67

2.67

3.60

0.82
0.53
0.81
0.12
0.79
0.59
0.34
0.30
0.22



Table 11A. Mauricie Modeled climatic habitat for species for five consecutive 30-year climate normal
periods, including two historic periods (1960s and 1990s) and three future periods (2020s, 2050s, and
2080s). Species values represent an estimated proportion of the land base, assuming no human
disturbance. An estimated percent of climate conditions climate conditions suitable for cropland or
rangeland use, are provided as well as climate conditions not supporting forested ecosystems

Scientific name Common name 1960s 1990s 2020s 2050s 2080s

Non-Forested 36.13 30.28 29.73 32.37 27.77

Agriculture 052 039 342 7.09 1048
Picea mariana black spruce 17.13 13.67 478 119 0.21
Betula papyrifera paper birch 11.08 1327 730 314 1.76
Abies balsamea balsam fir 651 7.64 1133 7.02 394
Pinus banksiana jack pine 567 436 123 031 @ 0.10
Populus tremuloides guaking aspen 539 575 403 252 156
Betula alleghaniensis yellow birch 405 6.05 652 492 410
Acer saccharum sugar maple 341 445 872 955 956
Picea glauca white spruce 286 330 273 121 037
Acer rubrum red maple 195 291 637 999 1235
Thuja occidentalis northern white cedar 1.72 272 393 224 132
Picea rubens red spruce 0.67 104 361 326 291
Pinus strobus eastern white pine 063 106 148 405 6.45
Larix laricina tamarack 040 042 040 036 024
Fagus grandifolia American beech 036 058 195 368 4.70
Populus grandidentata  bigtooth aspen 030 055 073 084 0093
Tsuga canadensis eastern hemlock 0.17 033 162 486 7.18
Picea abies Norway spruce 0.17 015 009 034 051
Populus balsamifera balsam poplar 015 015 023 0.16 0.08
Fraxinus nigra black ash 0.08 014 022 024 024
Pinus resinosa red pine 007 012 016 035 0.56
Tilia americana American basswood | 0.06 011 024 037 054
Quercus rubra northern red oak 0.04 0.08 033 127 257
Fraxinus americana white ash 002 003 047 164 281
Acer saccharinum silver maple 001 002 006 0.07 0.06
Prunus serotina black cherry 001 002 025 146 257
Fraxinus pennsylvanica green ash 000 000 002 0.05 011
Quercus velutina black oak 0.00 0.00 0.01 002 0.08
Ulmus americana American elm 000 000 004 0.17 0.38
Pinus sylvestris Scots pine 000 000 001 0211 019
Quercus alba white oak 000 000 001 0.05 0.15
Carya cordiformis bitternut hickory 000 000 001 0.05 0.15
Carya ovata shagbark hickory 0.00 0.00 000 0.02 0.06
Quercus prinus chestnut oak 0.00 000 000 0.03 0.10
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Table 12A. Paquia Porcupine Modeled climatic habitat for species for five consecutive 30-year climate
normal periods, including two historic periods (1960s and 1990s) and three future periods (2020s, 2050s,
and 2080s). Species values represent an estimated proportion of the land base, assuming no human
disturbance. An estimated percent of climate conditions climate conditions suitable for cropland or
rangeland use, are provided as well as climate conditions not supporting forested ecosystems

Scientific name Common name 1960s 1990s 2020s 2050s 2080s

Non-Forested 4474 56.97 80.21 87.26 90.77

Agriculture 12.87 38.86 63.56 77.71 80.33
Populus tremuloides guaking aspen 20.11 29.09 1390 8.05 5.03
Picea mariana black spruce 17.97 524 070 012 0.10
Larix laricina tamarack 6.13 196 041 006 0.04
Pinus banksiana jack pine 471 124 039 010 0.08
Picea glauca white spruce 305 206 040 015 0.2
Populus balsamifera balsam poplar 209 233 097 054 0.39
Betula papyrifera paper birch 076 032 0.18 0.08 0.05
Abies balsamea balsam fir 020 008 0.13 | 0.03 0.04
Fraxinus nigra black ash 004 003 020 0.16 0.09
Fraxinus americana white ash 0.01 009 019 0.06 0.02
Ulmus americana American elm 001 001 003 019 031
Fraxinus pennsylvanica green ash 0.00 000 042 078 0.78
Pinus strobus eastern white pine 0.00 0.00 0.05 001 o0.01
Tilia americana American basswood | 0.00  0.00 0.00 0.06 0.14
Populus deltoides eastern cottonwood [ 0.00 0.00 0.00 0.08 0.17
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Table 13A. Peace River East Modeled climatic habitat for species for five consecutive 30-year climate
normal periods, including two historic periods (1960s and 1990s) and three future periods (2020s, 2050s,
and 2080s). Species values represent an estimated proportion of the land base, assuming no human
disturbance. An estimated percent of climate conditions climate conditions suitable for cropland or
rangeland use, are provided as well as climate conditions not supporting forested ecosystems

Scientific name Common name 1960s 1990s 2020s 2050s 2080s
Non-Forested 40.57 50.25 66.86 81.84 8227
Agriculture 13.73 49.87 50.60 63.05 61.61
Populus tremuloides guaking aspen 25.77 - 2466 12.09 10.80
Picea mariana black spruce 1485 426 272 061 0.46
Picea glauca white spruce 6.71 362 188 047 0.30
Pinus banksiana jack pine 500 083 061 028 0.25
Larix laricina tamarack 290 086 091 019 019
Populus balsamifera balsam poplar 203 277 170 083 0.65
Pinus contorta lodgepole pine 058 075 0.06 | 001 000
Betula papyrifera paper birch 055 041 027 028 0.33
Abies balsamea balsam fir 0.08 003 006 025 0.29
Fraxinus nigra black ash 1000 000 001 018 028
Thuja occidentalis northern white cedar — 012 0.19
Fraxinus pennsylvanica green ash 071 0.94
Acer rubrum red maple 0.08 0.14
Pinus resinosa red pine 0.06 0.17
Pinus strobus eastern white pine 0.05 0.07
Acer saccharum sugar maple 0.05 0.10
Tilia americana American basswood 0.10
Quercus rubra northern red oak 0.09
Populus grandidentata  bigtooth aspen 0.05
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Table 14A. Pic Modeled climatic habitat for species for five consecutive 30-year climate normal periods,
including two historic periods (1960s and 1990s) and three future periods (2020s, 2050s, and 2080s).
Species values represent an estimated proportion of the land base, assuming no human disturbance. An
estimated percent of climate conditions climate conditions suitable for cropland or rangeland use, are
provided as well as climate conditions not supporting forested ecosystems

Scientific name Common name 1960s 1990s 2020s 2050s 2080s
Non-Forested 37.19 3510 3468 37.34 37.84
Agriculture 023 007 189 228 278

Picea mariana black spruce _ 1281 426 157

Betula papyrifera paper birch 881 11.60 1137 6.89 472

Pinus banksiana jack pine 577 660 498 136 0.92

Abies balsamea balsam fir 400 442 490 568 434

Larix laricina tamarack 194 157 081 053 051

Picea glauca white spruce 186 246 291 233 189

Thuja occidentalis northern white cedar 1.70 199 291 353 3.68

Populus tremuloides guaking aspen 111 096 291 258 347

Betula alleghaniensis  yellow birch 1029 064 383 426 3.40

Pinus strobus eastern white pine [ 0.22 052 298 389 3.38

Acer saccharum sugar maple | 014 044 332 919 1201

Acer saccharinum silver maple 0.55

Acer rubrum red maple 4.43

Populus balsamifera balsam poplar

Pinus resinosa red pine

Picea rubens red spruce

Populus grandidentata  bigtooth aspen

Fraxinus nigra black ash

Tsuga canadensis eastern hemlock

Fagus grandifolia American beech

Quercus rubra northern red oak

Tilia americana American basswood

Fraxinus americana white ash

Prunus serotina black cherry

Quercus alba white oak

Fraxinus pennsylvanica green ash

Ulmus americana American elm
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Table 15A. Quesnel Modeled climatic habitat for species for five consecutive 30-year climate normal
periods, including two historic periods (1960s and 1990s) and three future periods (2020s, 2050s, and
2080s). Species values represent an estimated proportion of the land base, assuming no human
disturbance. An estimated percent of climate conditions climate conditions suitable for cropland or
rangeland use, are provided as well as climate conditions not supporting forested ecosystems

Scientific name Common name 1960s 1990s 2020s 2050s 2080s
Non-Forested 36.16 35.77 36.02 3574 37.79
Agriculture 065 053 083 112 119
Pinus contorta lodgepole pine - 10.65 10.04 7.63 5.36
Abies lasiocarpa subalpine fir 931 913 6.69 393 282
Pseudotsuga menziesii - Douglas fir 715 794 1191 1684 1570
Populus tremuloides quaking aspen 549 458 419 188 0.93
Picea glauca white spruce 502 403 295 057 013
Picea engelmannii Engelmann spruce 237 243 323 370 297
Betula papyrifera paper birch 186 179 159 106 0.72
Thuja plicata western redcedar 159 264 411 635 6.28
Tsuga heterophylla western hemlock 125 286 249 335 288
Populus balsamifera balsam poplar 064 062 046 026 0.13
Picea mariana black spruce 0.62 027 019 | 003 0.01
Larix occidentalis western larch 027 033 156 352 356
Tsuga mertensiana mountain hemlock 020 044 | 006 048 0.62
Pinus albicaulis whitebark pine 019 022 030 033 0.18
Pinus monticola western white pine 0.07 017 043 074 0.62
Abies balsamea balsam fir 0.07
Abies amabilis Pacific silver fir 0.16
Pinus ponderosa ponderosa pine 1.64
Populus trichocarpa black cottonwood 0.19
Pinus strobus eastern white pine 0.22
Acer saccharum sugar maple 1.53
Quercus rubra northern red oak 0.36
Tsuga canadensis eastern hemlock 0.41
Abies grandis grand fir 5.94
Alnus rubra red alder 0.17
Picea sitchensis Sitka spruce 0.14
Acer rubrum red maple 0.97
Betula alleghaniensis  yellow birch 0.29
Fraxinus americana white ash 0.40
Tilia americana American basswood 0.07
Fagus grandifolia American beech 0.75
Picea rubens red spruce 0.10
Prunus serotina black cherry 0.27
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Table 16A. Rouyn-Noranda Modeled climatic habitat for species for five consecutive 30-year climate
normal periods, including two historic periods (1960s and 1990s) and three future periods (2020s, 2050s,
and 2080s). Species values represent an estimated proportion of the land base, assuming no human
disturbance. An estimated percent of climate conditions climate conditions suitable for cropland or
rangeland use, are provided as well as climate conditions not supporting forested ecosystems

Scientific name Common name 1960s 1990s 2020s 2050s 2080s
Non-Forested 41.10 41.67 39.27 33.76 33.75
Agriculture 176 321 7.04 1160 15.69
Picea mariana black spruce - 1941 644 197 054
Betula papyrifera paper birch 642 7.66 812 420 206
Pinus banksiana jack pine 462 451 199 036 021
Abies balsamea balsam fir 407 423 542 801 3.23
Populus tremuloides guaking aspen 282 345 411 3.09 260
Larix laricina tamarack 191 132 051 045 0.26
Picea glauca white spruce 168 214 250 200 0.83
Thuja occidentalis northern white cedar 154 186 348 520 250
Betula alleghaniensis yellow birch 143 211 495 475 343
Acer saccharum sugar maple 109 213 7.04 10.63 10.87
Pinus strobus eastern white pine 096 108 279 290 463
Acer rubrum red maple 059 097 321 636 9.64
Populus grandidentata  bigtooth aspen 026 044 119 120 119
Pinus resinosa red pine 0.16 0.18 044 048 0.60
Tsuga canadensis eastern hemlock 016 027 116 247 5.22
Picea rubens red spruce 0.14 022 088 249 114
Fagus grandifolia American beech 012 031 104 175 275
Quercus rubra northern red oak 012 0.16 068 115 1.98
Populus balsamifera balsam poplar 020 0.36 | 0.15
Fraxinus nigra black ash 038 0.62 0.57
Acer saccharinum silver maple 0.17 - 0.15
Tilia americana American basswood 041 085 118
Picea abies Norway spruce 012 041
Fraxinus americana white ash 0.86 2.58
Prunus serotina black cherry 050 1.70
Quercus alba white oak 0.17
Fraxinus pennsylvanica green ash 0.21
Ulmus americana American elm 0.66
Carya cordiformis bitternut hickory 0.22
Quercus velutina black oak
Pinus sylvestris Scots pine

Juniperus virginiana
Carya ovata

Robinia pseudoacacia
Quercus prinus

eastern redcedar
shagbark hickory
black locust
chestnut oak
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Table 17A. Spanish Modeled climatic habitat for species for five consecutive 30-year climate normal
periods, including two historic periods (1960s and 1990s) and three future periods (2020s, 2050s, and
2080s). Species values represent an estimated proportion of the land base, assuming no human
disturbance. An estimated percent of climate conditions climate conditions suitable for cropland or
rangeland use, are provided as well as climate conditions not supporting forested ecosystems

Scientific name Common name 1960s 1990s 2020s 2050s 2080s

Non-Forested 3156 32.01 34.63 32.64 26.39

Agriculture 011 070 128 426 1321
Picea mariana black spruce - 1136 493 108 0.32
Betula papyrifera paper birch 1125 893 6.07 355 190
Abies balsamea balsam fir 6.73 10.05 921 395 280
Pinus banksiana jack pine 554 430 155 055 @012
Thuja occidentalis northern white cedar 3.72 451 5.07 327 2.06
Picea glauca white spruce 296 281 247 136 051
Betula alleghaniensis yellow birch 294 295 370 339 313
Acer saccharum sugar maple 246 356 837 1199 10.74
Pinus strobus eastern white pine 231 223 317 483 6.57
Populus tremuloides guaking aspen 195 151 236 252 186
Acer rubrum red maple 124 215 305 7.02 10.97
Picea rubens red spruce 112 306 270 116 193
Larix laricina tamarack 110 089 055 043 0.28
Populus grandidentata  bigtooth aspen 043 034 079 086 094
Pinus resinosa red pine 040 039 066 095 0.90
Tsuga canadensis eastern hemlock 032 033 125 422 6.78
Acer saccharinum silver maple 026 023 036 039 017
Fagus grandifolia American beech 026 065 105 229 386
Quercus rubra northern red oak 025 026 123 238 2.80
Populus balsamifera balsam poplar 022 0.29 _
Fraxinus nigra black ash 051 0.78 053
Tilia americana American basswood 052 110 1.10
Fraxinus americana white ash 022 137 3.03
Prunus serotina black cherry 115 245
Picea abies Norway spruce 031 0.66
Fraxinus pennsylvanica green ash 0.21
Quercus alba white oak 0.24
Ulmus americana American elm 0.66
Pinus sylvestris Scots pine 0.26
Carya cordiformis bitternut hickory 0.24
Quercus velutina black oak

Quercus prinus
Carya ovata
Robinia pseudoacacia

chestnut oak
shagbark hickory
black locust
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Table 18A. Sundre Modeled climatic habitat for species for five consecutive 30-year climate normal
periods, including two historic periods (1960s and 1990s) and three future periods (2020s, 2050s, and
2080s). Species values represent an estimated proportion of the land base, assuming no human
disturbance. An estimated percent of climate conditions climate conditions suitable for cropland or
rangeland use, are provided as well as climate conditions not supporting forested ecosystems

Scientific name Common name 1960s 1990s 2020s 2050s 2080s

Non-Forested 3359 3293 37.80 54.79 68.07

Agriculture 311 195 1022 14.13 13.08
Pinus contorta lodgepole pine 28.31 2756 2443 9.73 2381
Picea glauca white spruce 945 960 9.05 532 228
Populus tremuloides quaking aspen 910 9.15 1036 9.26 5.35
Picea mariana black spruce 757 885 863 522 0.73
Picea engelmannii Engelmann spruce 3.78 344 237 120 1.06
Populus balsamifera balsam poplar 134 133 164 143 0.80
Abies lasiocarpa subalpine fir 130 160 079 058 0.6
Pseudotsuga menziesii  Douglas fir 055 048 039 211 435
Larix laricina tamarack 055 052 078 063 | 0.14
Abies balsamea balsam fir 053 093 045 0.20 @ 0.00
Betula papyrifera paper birch 024 022 026 031 022
Larix occidentalis western larch 013 011 010 017 0.20
Pinus albicaulis whitebark pine 0.11 007 008 014 011
Thuja plicata western redcedar 0.01 002 0.01 001 o0.07
Pinus ponderosa ponderosa pine 0.00 000 0.00 6.36 11.17
Abies grandis grand fir 0.00 000 000 001 0.26
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Table 19A. Temagami Modeled climatic habitat for species for five consecutive 30-year climate normal
periods, including two historic periods (1960s and 1990s) and three future periods (2020s, 2050s, and
2080s). Species values represent an estimated proportion of the land base, assuming no human
disturbance. An estimated percent of climate conditions climate conditions suitable for cropland or
rangeland use, are provided as well as climate conditions not supporting forested ecosystems

Scientific name Common name 1960s 1990s 2020s 2050s 2080s
Non-Forested 30.65 2856 36.71 28.84 25.67
Agriculture 038 040 180 6.40 18.94

Picea mariana black spruce - 6.63 3.06 055 -

Betula papyrifera paper birch 10.60 7.05 497 253 131

Abies balsamea balsam fir 827 1422 761 347 226

Thuja occidentalis northern white cedar 456 6.37 4.78 279 122

Pinus banksiana jack pine 436 208 082 019 002

Betula alleghaniensis yellow birch 394 462 348 335 3.06

Acer saccharum sugar maple 350 575 1040 11.70 9.73

Picea glauca white spruce 304 279 223 086 @ 0.16

Pinus strobus eastern white pine 304 273 331 59 7.09

Populus tremuloides guaking aspen 243 185 204 185 154

Picea rubens red spruce 195 543 211

Acer rubrum red maple 183 370 3.30

Larix laricina tamarack 080 051 055

Populus grandidentata  bigtooth aspen 0.67 056 0.76

Pinus resinosa red pine 050 040 0.70

Tsuga canadensis eastern hemlock 049 051 1.72

Fagus grandifolia American beech 043 114 114

Quercus rubra northern red oak 037 036 1.79

Acer saccharinum silver maple 0.22 - 0.53

Populus balsamifera balsam poplar 019 036 0.24

Fraxinus nigra black ash 0.16 0.18 063 062 0.32

Tilia americana American basswood 0.77 109 0.93

Fraxinus americana white ash 0.359 2.139 3.819

Prunus serotina black cherry 0.16 189 3.02

Picea abies Norway spruce 057 0.76

Fraxinus pennsylvanica green ash 0.22

Ulmus americana American elm 0.74

Quercus alba white oak 0.28

Pinus sylvestris Scots pine 0.32

Carya cordiformis bitternut hickory 0.29

Quercus velutina black oak 0.15

Juniperus virginiana eastern redcedar

Quercus prinus chestnut oak

Carya ovata shagbark hickory

Robinia pseudoacacia  black locust
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Table 20A. Wabigoon Modeled climatic habitat for species for five consecutive 30-year climate normal
periods, including two historic periods (1960s and 1990s) and three future periods (2020s, 2050s, and
2080s). Species values represent an estimated proportion of the land base, assuming no human
disturbance. An estimated percent of climate conditions climate conditions suitable for cropland or
rangeland use, are provided as well as climate conditions not supporting forested ecosystems

Scientific name Common name 1960s 1990s 2020s 2050s 2080s
Non-Forested 50.16 45.06 53.99 55.77 49.01
Agriculture 130 221 16.47 5149 69.85
Picea mariana black spruce - 11.09 558 143 -
Pinus banksiana jack pine 936 500 338 146 0.53
Betula papyrifera paper birch 389 466 308 173 121
Abies balsamea balsam fir 315 561 306 09 = 025
Picea glauca white spruce 122 136 103 039 024
Larix laricina tamarack 114 216 154 085 0.50
Thuja occidentalis northern white cedar = 0.66 359 221 1.06 0.64
Populus tremuloides quaking aspen 051 784 741 6.10 457
Pinus strobus eastern white pine 045 108 081 102 1.08
Pinus resinosa red pine 195 211 236 256

Fraxinus nigra black ash 219 214 209 152
Acer rubrum red maple 157 147 227 2.88
Populus balsamifera balsam poplar 0.73 0.58

Fraxinus americana white ash

Fraxinus pennsylvanica green ash

Acer saccharum sugar maple

Betula alleghaniensis yellow birch
Populus grandidentata  bigtooth aspen

Tsuga canadensis eastern hemlock
Quercus rubra northern red oak
Prunus serotina black cherry

Acer saccharinum silver maple

Tilia americana American basswood
Ulmus americana American elm
Quercus velutina black oak

Quercus alba white oak

Pinus sylvestris Scots pine
Juniperus virginiana eastern redcedar
Populus deltoides eastern cottonwood
Celtis occidentalis hackberry

Carya cordiformis bitternut hickory
Robinia pseudoacacia  black locust
Juglans nigra black walnut
Carya ovata shagbark hickory
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Table 21A. Western Nova Scotia Modeled climatic habitat for species for five consecutive 30-year
climate normal periods, including two historic periods (1960s and 1990s) and three future periods (2020s,
2050s, and 2080s). Species values represent an estimated proportion of the land base, assuming no human
disturbance. An estimated percent of climate conditions climate conditions suitable for cropland or
rangeland use, are provided as well as climate conditions not supporting forested ecosystems

Scientific name

Common name 1960s 1990s 2020s

2050s

2080s

Non-Forested

Picea rubens

Acer rubrum

Abies balsamea
Picea mariana

Pinus strobus

Picea glauca

Larix laricina

Betula papyrifera
Acer saccharum
Betula alleghaniensis
Fagus grandifolia
Tsuga canadensis
Pinus resinosa
Quercus rubra
Populus tremuloides
Fraxinus americana
Thuja occidentalis
Picea abies

Populus grandidentata
Alnus rubra

Tsuga heterophylla
Prunus serotina
Quercus velutina
Quercus alba

Ulmus americana
Tilia americana
Pinus sylvestris
Pseudotsuga menziesii
Thuja plicata
Quercus coccinea
Quercus prinus

Acer macrophyllum
Populus trichocarpa
Carya ovata
Liriodendron tulipifera
Abies amabilis

26.87 24.62 30.25 39.53 44.58

Agriculture 125 117 964 36.66 45.38
red spruce 11830 2089 1420 001 001
red maple 13.78 1451 1365 9.89 8.79
balsam fir 1157 10.76 6.90 -
black spruce 897 855 6.89

eastern white pine 378 494 599 476 350
white spruce 3.06 269 250 -
tamarack 282 285 222

paper birch 271 262 242 —
sugar maple 269 235 169 169 1.23
yellow birch 235 202 119 056 0.46
American beech 064 059 054 065 058

eastern hemlock 051 119 1.19
red pine

northern red oak
guaking aspen
white ash

northern white cedar
Norway spruce
bigtooth aspen

red alder

western hemlock
black cherry

black oak

white oak
American elm
American basswood
Scots pine

Douglas fir

western redcedar
scarlet oak

chestnut oak
bigleaf maple

black cottonwood
shagbark hickory
yellow poplar

Pacific silver fir
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Juniperus virginiana
Robinia pseudoacacia
Fraxinus pennsylvanica
Carya cordiformis

Acer saccharinum

Picea sitchensis

Juglans nigra

Quercus palustris
Chamaecyparis thyoides
Populus deltoides
Abies grandis

Pinus virginiana
Liquidambar styraciflua
Quercus stellata

eastern redcedar
black locust

green ash

bitternut hickory
silver maple

Sitka spruce

black walnut

pin oak

Atlantic white cedar
eastern cottonwood
grand fir

Virginia pine
sweetgum

post oak
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Table 22A. White River Modeled climatic habitat for species for five consecutive 30-year climate
normal periods, including two historic periods (1960s and 1990s) and three future periods (2020s, 2050s,
and 2080s). Species values represent an estimated proportion of the land base, assuming no human
disturbance. An estimated percent of climate conditions climate conditions suitable for cropland or
rangeland use, are provided as well as climate conditions not supporting forested ecosystems

Scientific name Common name 1960s 1990s 2020s 2050s 2080s
Non-Forested 36.68 33.99 3250 37.31 33.42
Agriculture 025 008 126 281 247

Picea mariana black spruce _ 10.47 3.70 115

Betula papyrifera paper birch 926 1210 938 6.07 4.15

Pinus banksiana jack pine 590 6.32 388 119 0.65

Abies balsamea balsam fir 406 469 916 574 424

Picea glauca white spruce 199 261 280 206 143

Larix laricina tamarack 189 153 069 050 043

Thuja occidentalis northern white cedar 1.76 2.19 453 330 2.89

Populus tremuloides quaking aspen 113 1.01 227 223 260

Betula alleghaniensis  yellow birch 1035 121 383 392 367

Pinus strobus eastern white pine | 0.30 061 268 414 485

Acer saccharum sugar maple . 022 144 378 885 1137

Acer saccharinum silver maple

Acer rubrum red maple

Pinus resinosa red pine

Populus balsamifera balsam poplar

Picea rubens red spruce

Populus grandidentata  bigtooth aspen

Fraxinus nigra black ash

Tsuga canadensis eastern hemlock

Picea abies Norway spruce

Fagus grandifolia
Quercus rubra
Tilia americana
Fraxinus americana

Prunus serotina black cherry
Quercus alba white oak
Fraxinus pennsylvanica green ash
Ulmus americana American elm

American beech
northern red oak
American basswood
white ash
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