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If you can see me weep

A 'hunger stone' on the bank of the Elbe River in the 
Decin, Czech Republic. (Michal Cizek/AFP/Getty Images)



Drivers of tree mortality



Strategic challenges for the urban forest

Tree Mortality Threshold

Poor Performance

Performing well

Species selection 
is critical to 
these challenges 



About 73,000 tree species globally

Cazzolla Gatti et al., (2022) PNAS Vol. 119 No. 6



Improving selection decisions 
• Trait based assessment
• Ecophysiological strategies
• Biogeographical data analysis (e.g. SDMs)



How do trees cope with 
limited water availability?



Structural

Life cycle

Physiological

Adaptations to limited water availability

Avoidance of tree water deficit Tolerance of water deficit

Osmotic adjustment
Low turgor loss point

Deep rooting 
Root proliferation

Increased hydraulic conductivity

Maximizing water acquisition Reduce water use

Leaf phenology
Leaf abscission

Stomatal closure

Reduced leaf and stem growth
Increased resistance to leaf water loss

Resistance to drought-
induced cavitation

Hirons and Thomas 2018



Avoid ‘avoiders’ for the challenging sites

Tilia x euchlora Betula utilis



Drought tolerant trees have 
an inherent resilience to 
water deficits 
• Able to extract water from the soil 

for longer during a drying cycle
• Maintain physiological activity for 

longer
• Carbon gain
• Transpiration > Evaporative cooling

• Will perform better as landscape 
trees on challenging sites



How can we select for drought tolerance?





Advice from literature…
Acer negundo
• Useful for sandy, dry to sterile soil (Krüssmann 1982)
• Drought tolerant (Stoecklein 2001)
• Its native habitat is along streams and ponds (Grimm 2002)
• Native in moist habitats but performs well also in poor, wet, or dry habitats (Dirr 2009)
• Very heat and drought tolerant (Hightshoe 1988)
• Grows along shores of permanent bodies of water (Krüssmann, 1986)
• Likes humid areas (Beaulieu 2003)
• Grows along stream banks, flood plains, swamps (Nelson et al. 2014)

Male flower of Acer negundo (Duncan Slater)



Drought Tolerance Index

Scale ranking Annual 
precipitation 

(mm)

Distribution of 
precipitation 
(coefficient of 

variation)

P:PET ratio Soil water 
potential (MPa)

Duration of dry 
period

1 >600 Minimal >3.0 > -0.3 A few days

2 500-600 <10% 1.5:3 -0.3 to -0.8 A few weeks

3 400-500 10-15% 0.8-1.5 -0.8 to -1.5 Up to a month

4 300-400 20-25% 0.5:0.8 -1.5 to -3 Two to three 
months 

5 <300 >25% <0.5 < -3 More than three 
months

Adapted from: Niinemets and Valladares 2006

But, does survival 
equal performance 

in our urban 
landscapes?



Using plant traits – PLC / P50



Vulnerability of amenity trees to embolism

Cercidiphyllum japonicum



Vulnerability of amenity trees to embolism

Eucommia ulmoides



Consequences of high PLC



Using plant traits – leaf turgor loss
• Leaf turgor loss point can be used as a 

universal measure of physiological 
drought tolerance that is quantifiable and 
measurable



Drought tolerance in Acer

Sjöman, Hirons and Bassuk (2015) 

Drought tolerance



Acer spicatum, NY, USA

ΨP0 -1.6 MPa



Acer truncatum, Qingling Mt., China (Photo: Henrik Sjöman)

ΨP0 -2.4 MPa



Acer tataricum & Quercus pubescens, Steppe Forest in Eastern Romania. (Photo: Henrik Sjöman)

ΨP0 -3.6 MPa



Acer grandidentatum, Utah, USA (Photo: Henrik Sjöman)

ΨP0 -3.8 MPa



Urban planting beds in Ithaca

✓✗



Water Potential at 
Leaf Turgor Loss



Robust species selection advice is essential

www.tdag.org.uk 

http://www.tdag.org.uk/


The profiles (280+)



How much water do landscape trees use?



Atmospheric demand for water

Data from Myerscough College, Preston, Lancashire



VPD and Water Potential of the Air

N.B. The water potential of the air shown here assumes the molal volume of water at 20oC so does have a slight source of 
error as the temperature clearly varies. The error is relatively small though.

Data from Myerscough College, Preston, Lancashire



Sap flow in Prunus maackii trees
i) Continuous data
ii) Sensitive to atmospheric and edaphic conditions
iii) Integrates the root system and the crown
iv) Can determine sap flow dynamics and volume of water transpired

Cool
High RH

Rain

Warm and low RH

Heat Ratio 
Method 



Ulmus ‘New Horizon’ - Warm Day



Ulmus ‘New Horizon’ - Wet Day



Ulmus ‘New Horizon’ - Heatwave



• In late June a period of warm, dry 
weather and increasing vapour 
pressure deficit (VPD) leads to soil 
drying. This can be seen via the 
soil water potential (SWP) and the 
soil water content (SWC).

• This Tilia cordata tree responds by 
reducing sap flux density (SFD).

• The increasing water stress is also 
expressed with an increasing 
maximum daily shrinkage 
(Growth).

• Stress is alleviated by rainfall in 
late June-early July (Rain). 

Tilia cordata
Response to soil drying



Pyrus calleryana - Sap flow vs. growth





Taxonomic review



Methodological Approach



Species distribution modelling



Trait analysis



Outcomes

0.38%

22%

62%

10.6%



Download the report

https://www.london.gov.uk/media/110943/download

The Urban Plant Lab report on the Future 
Climate Suitability of London’s Public Realm 
Trees is now out!

https://www.london.gov.uk/media/110943/download


Scan the QR code to register, or register here: 
https://trees.hillier.co.uk/climate-change 

Pre-register to 
receive the report, 

as soon as it is 
published.

https://trees.hillier.co.uk/climate-change
https://trees.hillier.co.uk/climate-change
https://trees.hillier.co.uk/climate-change


Silver birch –Betula pendula



Pedunculate oak – Quercus robur



Thanks for listening 

ahirons@myerscough.ac.uk 

mailto:ahirons@myerscough.ac.uk


Recommendation 1: 
Enhance the health 
of existing trees

1.1 – Prioritise investment in rooting environments – intentionally design space for roots, provide 
adequate soil volumes and promote healthy soils.
1.2 – Implement soil decompaction and improvement programmes for large, mature trees that deliver the 
greatest benefits.
1.3 – Recognise and resource tree health enhancement as a critical climate-adaptation action, not a 
maintenance activity.



Recommendation 2:
Strategically 
diversify London’s 
Urban Forest

2.1 – Increase taxonomic diversity within the constraints of species predicted to be suitable to London’s 
future climate.
2.2 – Integrate pest, pathogen and invasiveness risk assessments with climate-suitability data to guide 
suitable species palettes.
2.3 – Embed these criteria into borough tree strategies, policy, procurement frameworks and design 
guidance.



Recommendation 3: 
Fund tree 
establishment, not 
tree planting

3.1 – Require species suitability assessment, aftercare and establishment monitoring in funding 
agreements.
3.2 – Redesign grants and contracts to reward successful tree establishment (typically 5 years post-
planting), not initial planting.
3.3 – Phase out numeric “trees planted” targets in favour of establishment success rate.



Recommendation 4: 
Adopt a London tree 
data standard

4.1 – Implement a London-wide tree data framework covering taxonomy, measurement methods, and 
mortality reporting.



Recommendation 5: 
Collaborate with tree 
nurseries

5.1 – Provide nurseries with clear guidance on required species palettes.
5.2 – Establish nursery partnerships and contract-growing agreements to secure long-term supply of 
future climate-suitable and biosecure trees.
5.3 – Use collective London-level procurement to achieve economies of scale and ensure consistent 
stock quality.
5.4 – Where feasible, support climate-adapted tree production initiatives within London.



Recommendation 6: 
Develop a strategic 
mechanism to get 
novel material into 
horticultural 
production

6.1 – Work with government bodies and industry to develop compliant mechanisms to introduce and trial 
new species and provenances suitable for future conditions.
6.2 – Support research on intraspecific variation in plant traits and targeted provenance selection to 
identify the most future climate-compatible planting material.
6.3 – Use botanic gardens and arboreta as hubs for research, testing, and knowledge transfer.



Recommendation 7: 
Address gaps in 
plant trait data

7.1 – Support further research to address the ‘missing’ trait data gaps in wood density, leaf dry-matter 
content, and turgor-loss point for under-represented species.
7.2 – Establish a framework for collaboration between research institutions, policymakers and industry to 
continue to improve the evidence base for urban species selection.



Recommendation 8: 
Evaluate potential 
canopy cover 
impacts of species 
climate suitability

8.1 – Once standardised data is adopted, use remote sensing (e.g. LiDAR) to map canopy structure and 
evaluate the impact of species on canopy cover.



Recommendation 9: 
Develop London-
wide strategies and 
structures to 
manage the whole of 
London’s urban 
forest

9.1 – Empower the London Urban Forest Partnership to coordinate data, investment, and planning for 
public realm trees across the city.



Recommendation 10: 
Enhance the health 
of existing trees

10.1 – Apply the methodology prototyped in London to assess the future climate suitability of trees to 
other UK cities and regions.
10.2 – Develop this analytical framework further to support a national evidence base for improving urban 
forest resilience within UK-wide climate adaptation policy.



Download the report

https://www.london.gov.uk/media/110943/download

The Urban Plant Lab report on the Future 
Climate Suitability of London’s Public Realm 
Trees is now out!

https://www.london.gov.uk/media/110943/download
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