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Figure 3: Urban heat island (UHI) intensity model of south-west London

Urbanisation results in significant modification ‘
of local climates, the most apparent expression 2
of this being the urban heat island. The global - vaue
urban population now exceeds the rural

population, and the urban population may
exceed six billion by the 2050’s. Therefore,
society and our urban infrastructure will be R
exposed to climate change resulting from both — \
greenhouse gas emissions and developing ‘ﬁ"“
urban microclimates. (Met office 2022)
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How Can We
Use modelling
for Species
Selection

Navigating the future: unveiling the resilience of trees
in evolving UK climates
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Abstract

As the UK undergoes dynamic shifts in climate patterns marked by increased
warmth, precipitation, and sunlight, understanding the adaptability of tree
populations becomes imperative. This study examines the long-term implications of
climate change on arboreal landscapes, botanical gardens, and urban greenery. By
employing climate modelling and species occurrence data, we predict the future
suitability of tree species for various environments. Our findings highlight significant
shifts towards warmer and drier conditions, particularly in urban settings. This
research enhances our understanding of tree resilience and provides a practical
framework for sustainable urban and landscape planning amidst climate change.
Specifically, we focus on five common species (Betula pendula, Prunus padus, Quercus
robur, Tilia cordata, Tilia platyphyllos) within the living collection of the Royal Botanic
Gardens Kew, which are also prevalent in wider landscapes.

Keywords: tree species selection, urban heat mitigation, climatic adaptation, horticultural
traits, seed sourcing for urban landscapes, species suitability modelling
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 C.W.Thornthwaite in his 1948 :an overall
measure of for plant growth that
takes into consideration the weighted influence of
and water deficiency as related to and as

they vary according to
[, = humidity index — 0.6(aridity index),
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https://glossary.ametsoc.org/wiki/Climatic_classification
https://glossary.ametsoc.org/wiki/Precipitation_effectiveness
https://glossary.ametsoc.org/wiki/Water_surplus
https://glossary.ametsoc.org/wiki/Water_surplus
https://glossary.ametsoc.org/wiki/Water_need
https://glossary.ametsoc.org/wiki/Season

Climatic suitability of selected tree species
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CMI

Nearest Point of Quercus robur Distribution for Kew Climate 2090
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forest-steppes

Are transitional zones between tempetate forests
and steppe grasslands. They occur in regions
where there is enough moisture to support some
tree cover but still experience significant s
dryness, especially in summer

Cooler

Temperate forest with high moisture availability

A climate that supports lush vegetation and diverse plant and animal life, like what you'd
find in temperate rainforests (e.g., the Pacific Northwest of the U.S.) or humid temperate
forests.
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Figure 12: Regions of the world that might yield resilient taxa for the Kew site

Using Kew'’s predicted
temperature (BIOO1) and
moisture values (CMI) for
modelled future scenarios, we

are able to highlight areas of
the globe that may yield novel
taxa and genotypes for building
resilience into the landscape.
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Fick and Hijmans (2017), Title and Bemmels (2018), Kindt (2023a).
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Using botanic gardens and arboreta to help identify urban trees

for the future
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Societal Impact Statement

Diversification of i i h: ir resilience to
threats as well as those posed by a changing diimate. Arboreta and botanic gardens
host a wide range of plant material that can be evaluated to inform tree selection
policy. This study demonstrates that plant functional traits, such as the water po-
tential at leaf turgor loss, can be highly instructive when developing evidence-based
recommendations for urban environments. However, if botanic collections are to ful-

fil a critical role in ing plant response to they should not
be managed solely as visitor attractions but must have scientific objectives at the
forefront of management policy.

Summary

« Arboreta and botanic gardens host a multitude of species that can be utilzed in
research focused on improving diversity within urban forests. Higher tree species
diversity will enhance the resilience of urban forests to abiotic and biotic threats
and help defiver strategics that foster sustainable communities. Consequently,
this study aims to demonstrate the value of botanic collections as a reseurce for

hinto tree. for more resilient lands:
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+ Aswater stress is amajor constraint for frees in urban envi . understand-
ing the drought toleerance of species s essential for urban tree selection. This
study evaluates a key functional trait relating to drought tolerance. Using vapor

p etry, the water potential at leaf turgor loss was evaluated for 96
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Council, Grant/Award Number- NE/
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llections in North America and

Europe.

= Leaf turgor loss contrasted widely in the temperate deciduous trees evaluated
and, in summer, ranged from 17 MPa to -39 MPa. Significant differences in
drought tolerance I nt nd closely vars.
Osmotic adjustment was shown to be a major physiological factor driving leaf
turgor loss. A meta-analysis also demonstrated that leaf turgor loss was closely

e, fion in amy medium,
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Species-specific evaluation of growth and environmental tolerance for
ecosystem services — evaluation from a botanic tree collection
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Abstract
The planting of trees in urban environments is a challenging endeavor, largely due 10 the limited space available. It is
therefore essential to select species that can deliver essential ecosystem serviees in on effective manner. This study pres-
ents a novel sercening teehnique for identifying tree species with high poteatial for urban setings, with a paicalar focus
an drought tolerance and rapid growth as key factors for success. The utilization of non-destructive data collection in a
botanical tree collection enables the highlighting of variaiions in environmental tolerance and growth siraicgies among
s noteworthy that a subset of specics exhibited a distinctive combination of high drought tolerance and robust
he majority. These findings highlight the value of preliminary screcning to identify
and resource-intensive studies, such as greenhouse trials. Additionally. the study
underscores the crucial role of botanical collections a5 repositories of distinctive genetic material, offering avenes to dis-
cover unconventional species suitable for urban greening. Further advancement of screening methodologies will enhance
our capacity to select resilient tree species capable of flourishing in urban environments and providing multifunctional
ccosystem benefits.

Keywords Urban trees - Climate change - Ecosystem services - Drought tolerance - Tree selection - Botanie garden

Introduction on human living conditions, ccosystems, and biodiversity

(Lyen et al. 2027). The global temperature bas increased
Itis widely acknowledged that global warming is a conse- by approximately 1.0 °C in comparison 1o the mean global
quence of the emission of greenhouse gases and the subse-  temperature observed between the years 1850 and 1900
(WMO 2022). The mean global temperature is increasing
increase the frequency of extreme weather events, namral ot & rate of approximately 0.2 °C per decade, due W past
disasters, and droughts, which will have a significant impact  and current global emissions. However, the rate of global
warming in Europe has heen more rapid than previously
predicted, with an avesage increase of 0.5 °C per decade
aver the past 30 years (WMO 2022). As urban populations
continue to expand and rural-io-urban migration persisis
for enhanced opportunities in education, employment, and
quality of life, where projections indicate a staggering addi-
tion of 2.5 billion people 1o the global population by 2050
(Aslam and Rana 2022). This surge in population resuls
in increased demand for housing and infrastructure, which
exacerbates existing environmental challenges and leads to
aceelerated urbanisation and the growth of slums. The sig-
nificant climate impact of anthropogenic sctivitics is set 1o
further compound challeages, rendering highly populated
areas increasingly inhospitable and precarious. However,
it has been established that the presence of urban greenery
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Resilient trees for urban environments: The importance of
intraspecific variation
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Sacietal ement
Trees in urban environments provide us with shade. heat mitigation, flood abatement,
naise and polltion reduction, polination, beatty, and much more. However, many of
I3 with larger. healthier trees
providing tree
for ste and fuction is crucal in order to gain all benefits from our urban trees.
Summary
Trees play a major role in esses,
duction, hydrological, nutrent and carbon cycles, and the global dimate. They store
about 50% of the world's terrestrial carbon stocks. and provide habitats for 3 wide
range of other species, supporting at least half of the Earth's known termestrial plants
and animals. Trees are not only found In forests and other natural ecosystems, but
alsain urban emvronments. Most of the human population is concentrated in cities,
towns and vilages, 50 urban trees are critical to meet on-going and future social, eco-
nomic and emironmental challenges. However, many urban tree populations are
strongly challenged by a changing climate. cutbreaks of pests and pathogens and an
urban development with increasingly dense clties and a high proportion of imperme-
able surface materials, The importance of intraspecific variation needs to be better
acknowledged in this context, since poor matching of trees and the local dlimate and
groming conditions can lead to extensive loss of valusble trees. By using the right
genetic plant materlal for the challenging uban environments, a more resilient tree
population with a greater diversity and higher capaciy for delivering ecosystem ser-
vices can be gained. Here. we wish to discuss the need to consider intraspectfic varia-
tion when planning resiient tree populations for urban environments and how seed
banks and botanical garden play important roles in efforts to Improve the matching
of genetic plant material for future environmental challenges. Strategles to enrich
urban tree diversity and increase resilience are outlined.

KEYWORDS
biodiversity, tree sebaction, urkan trees
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I eaf tu rgo r I OSS Mean YPO (MPa) by Species
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Tilia cordata
Cercidiphyllum japonicum
Fraxinus excelsior

Tilia heterophlla

Tilia platypholls

Leaf turgor loss point (mtlp) is the water ~ Tlia euchlora

. . , . Liriodendron tulipifera

potential at which a leaf's cells lose their Platanus orientalis

turgor pressure, and the leaf begins to wilt. Mag;‘ﬁ!nsﬁ;i‘;ﬁ"i:
i i . raxinu u

It's a physiological trait that can be used to Fraxinus angustifolia

predict how a plant will respond to drought Fraxinus americana
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Evaluating urban tree population
fitness for a changing climate: using
climatic moisture index

Kevin W E Martin, Henrik Sjoman 2 &
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Abstract

Species Distribution Models (SDMs) are essential tools for understanding how
species respond to climatic and environmental changes. In this study, we
examine the relationship between Climatic Moisture Index (CMI) and leaf water
potential (Wy,) across a variety of tree species to explore how climatic moisture
conditions influence tree physiology, particularly in terms of drought tolerance.
Using linear regression analysis, we found a statistically significant relationship
between CMI and W, with the direction of the slope indicating how species
respond to changes in moisture availability. Species with a positive relationship
between CMI and W,, exhibited greater tolerance to fluctuating moisture
conditions, while those with a negative relationship showed a higher
susceptibility to drought stress. The findings underscore the importance of
incorporating climatic factors into conservation and management strategies,
particularly for species at risk of water stress under changing climate conditions.
This research contributes to a broader understanding of tree physiology, with
implications for conservation, restoration, and urban tree selection efforts in the
face of global climate change.
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Drought Tolerance (WP) vs CMI and MAT

Species from hotter, drier climates show more negative WP (higher drought tolerance)

Apar plalaroided
Relationship between Climatic Moisture Index (CMI) and predicted leaf water

potential at the turgor loss point (W,,, MPa) across temperate tree species. The
linear regression line (dashed black) illustrates the overall negative trend

indicating increased drought tolerance (more negative W) with decreasing CMI
(drier conditions).
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