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Emerald Ash Borer: 

A threat to urban forests

Pictures from: USDA APHIS | Emerald Ash Borer and Knight et. al., 2014

https://www.aphis.usda.gov/aphis/ourfocus/planthealth/plant-pest-and-disease-programs/pests-and-diseases/emerald-ash-borer/emerald-ash-borer
https://www.fs.usda.gov/nrs/pubs/gtr/gtr_nrs139.pdf


Known 

infested 

counties

Emerald Ash Borer (EAB) Known Infested Counties USDA 
APHIS

https://usda-mrp.maps.arcgis.com/apps/webappviewer/index.html?id=e4cedbf3db9d45aea1566e27e5e8de7e


Estimated costs of ash removal and property 
value loss ($ billion)

Government Homeowners

Removal Removal Property 
loss

$8.5 $3.5 $3.8

Kovacs et al. - Cost of potential emerald ash borer damage in U.S. 

communities, 2009–2019 – Ecological Economics

https://www.sciencedirect.com/science/article/pii/S0921800909003681
https://www.sciencedirect.com/science/article/pii/S0921800909003681


EAB management strategies
Community forest infestation status

Strategy Not 

infested

Generally 

infested

Heavily 

infested
Planning

Inventory

Monitoring

Treatment

Removal

Wood utilization

Replanting

Biological 

control
Good time to utilize this tactic

Getting late to utilize this tactic

Last chance before opportunity 

is lost

Not appropriate tactic at this 

time

Minnesota Emerald Ash Borer 
Management Guidelines 2018 

(state.mn.us)

https://www.mda.state.mn.us/sites/default/files/inline-files/EAB%20Management%20Guidelines%202018%20WEB.pdf
https://www.mda.state.mn.us/sites/default/files/inline-files/EAB%20Management%20Guidelines%202018%20WEB.pdf
https://www.mda.state.mn.us/sites/default/files/inline-files/EAB%20Management%20Guidelines%202018%20WEB.pdf


Hennepin County property map

Carbon 
sequestration

Cooling

Tree photo from: Knight et. al., 2014

Stormwater 
management

https://gis.hennepin.us/property/
https://www.fs.usda.gov/nrs/pubs/gtr/gtr_nrs139.pdf


Images From: Emerald Ash Borer | Burnsville, MN - Official Website (burnsvillemn.gov)

https://www.burnsvillemn.gov/905/Emerald-Ash-Borer


How can subsidies be optimized to align 
public and private incentives for EAB 
insecticide treatment?



Model of optimal subsidies for EAB insecticide treatment

• Optimal subsidy policies for privately owned trees change as 
EAB spreads

• Tree health

• Current community state of infestation

• Uncertainty about tree owner values

• Targeted toward privately owned trees that are unlikely to be 
treated

• Result in unified management across public and private land





• Treatable EAB 

infestation

Pictures from: Region 9 - Emerald Ash Borer Threat Webinar Series and Knight et. al., 2014

• EAB 

free

• Advanced EAB infestation

https://www.fs.usda.gov/detail/r9/home/?cid=FSEPRD866962
https://www.fs.usda.gov/nrs/pubs/gtr/gtr_nrs139.pdf


• Assessed 

healthy

• Assessed infested 

(treatable)

• Assessed dying / dead 

(untreatable)

Pictures from: Region 9 - Emerald Ash Borer Threat Webinar Series and Knight et. al., 2014

https://www.fs.usda.gov/detail/r9/home/?cid=FSEPRD866962
https://www.fs.usda.gov/nrs/pubs/gtr/gtr_nrs139.pdf


Table from: Knight, Flash, Kappler, Throckmorton, Grafton, and 
Flower; 2014; FS General Technical Report

Pictures from: Region 9 - Emerald Ash Borer Threat Webinar Series and Knight et. al., 2014

https://www.fs.usda.gov/nrs/pubs/gtr/gtr_nrs139.pdf
https://www.fs.usda.gov/nrs/pubs/gtr/gtr_nrs139.pdf
https://www.fs.usda.gov/detail/r9/home/?cid=FSEPRD866962
https://www.fs.usda.gov/nrs/pubs/gtr/gtr_nrs139.pdf


Municipality 
selects subsidy 
levels to maximize 
expected 
ecosystem service 
benefits from 
trees

Pictures from: Region 9 - Emerald Ash Borer Threat Webinar Series and Knight et. al., 2014

https://www.fs.usda.gov/detail/r9/home/?cid=FSEPRD866962
https://www.fs.usda.gov/nrs/pubs/gtr/gtr_nrs139.pdf


Firms bid 
competitively to 
maximize their 
profits, given 
subsidy levels

Pictures from: Region 9 - Emerald Ash Borer Threat Webinar Series and Knight et. al., 2014

https://www.fs.usda.gov/detail/r9/home/?cid=FSEPRD866962
https://www.fs.usda.gov/nrs/pubs/gtr/gtr_nrs139.pdf


Tree owner selects their preferred option, 
given how much they value the local 
ecosystem service benefits of their tree 

Pictures from: Region 9 - Emerald Ash Borer Threat Webinar Series and Knight et. al., 2014

https://www.fs.usda.gov/detail/r9/home/?cid=FSEPRD866962
https://www.fs.usda.gov/nrs/pubs/gtr/gtr_nrs139.pdf


Pictures from: Region 9 - Emerald Ash Borer Threat Webinar Series and Knight et. al., 2014

https://www.fs.usda.gov/detail/r9/home/?cid=FSEPRD866962
https://www.fs.usda.gov/nrs/pubs/gtr/gtr_nrs139.pdf


Pictures from: Region 9 - Emerald Ash Borer Threat Webinar Series and Knight et. al., 2014

https://www.fs.usda.gov/detail/r9/home/?cid=FSEPRD866962
https://www.fs.usda.gov/nrs/pubs/gtr/gtr_nrs139.pdf


Key parameters 

• Cost of administering treatment

• Community prevalence of EAB infestation

• Surveillance data

• Accuracy of assessment

• False positives / false negatives

• Effectiveness of insecticide treatment

• A function of tree health

• Social and private value of saving an ash tree

• Divergence in values expected due to cross-boundary benefits 











Take-home messages
• Subsidies can help private landowners sustain the 

community benefits of urban forests

• Optimal subsidy policies are dynamic:

–Tree health state

–Current community state of infestation

–Uncertainty about tree owner values

• Maximum treatment benefit  maximum subsidy

–Subsidy targeted to increase treatment uptake



Thank you
Andrew R. Tilman| USDA Forest Service

andrew.tilman@usda.gov

USDA is an equal opportunity provider, employer, and lender.
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UrbanTreeGuard
BACKGROUND

❖Urban trees are increasingly threatened by alien pests (insects and 

pathogens) that are introduced via trade and transports.

❖In a new environment, these pests may become invasive, causing 

devastating environmental and economic losses, and threatening 

also unique cultural values, such as those linked to veteran trees.

❖Invasive alien species are a major threat to nature, nature’s 

contributions to people, and good quality of life (IPBES 2023)

❖The current biosecurity system fails to capture alien pests that 

often also benefit from the altered climate.

❖COST Action “UrbanTreeGuard” (CA20132) brings together a pan-

European and international network of scientists and stakeholders 

to meet this challenge.



UrbanTreeGuard
MOTIVATION

❖70% of the EU population (about 335 Million 

people) in cities, towns and suburban areas

❖Trees provide multiple essential ecosystem 

services for people

❖Urban forests and trees mitigate harmful

influence of climate change

❖The threat: entry points for pest and pathogens 



UrbanTreeGuard
GOALS

UrbanTreeGuard network aims to:

❖Collect, share and harmonize scientific and stakeholder knowledge.

❖Accelerate development of innovative technological tools and 

solutions for biosecurity purposes.

❖Inform policy and support implementation of the EU plant health regime 

while providing science-based recommendations for decision makers, 

especially at operational levels.

❖Foster an inclusive and open research environment, with explicit 

support to young professionals.

❖Increase European competitiveness in the field of biosecurity, 

improving also the quality of everyday life for people, especially urban 

dwellers, in Europe and beyond.

❖start: 2021-end: 2025 (4 years)



URBAN TREE GUARD Membership
41 Members

 Albania
 Armenia
 Austria
 Belgium
 Bosnia and Herzegovina
 Bulgaria
 Croatia
 Cyprus
 Czech Republic
 Denmark
 Estonia
 Finland
 France
 Georgia

 Germany
 Greece
 Hungary
 Iceland
 Ireland
 Italy
 Latvia
 Lithuania
 Luxembourg
 Malta
 The Republic of Moldova
 Montenegro
 The Netherlands
 The Republic of North Macedonia
 Norway
 Poland
 Portugal
 Romania
 Serbia
 Slovakia
 Slovenia
 Spain
 Sweden
 Switzerland
 Turkey
 Ukraine
 United Kingdom





Urban trees from a biosecurity perspective

❖Urban trees: first location of introductions of invasive forest pests

❖WG1: Identification of stakeholder needs for urban tree biosecurity

– What trees are planted in European cities?

– Are urban tree species selected with a focus on biotic damages/potential 

invasive forest pests?



• 28 countries 

• >170 inventories

• ~200 - >700,000 trees per 

inventory

• ~8,9 mio trees in total 

• >2,700 species

European urban tree inventory



Species Percent

Acer platanoides 4.9

Quercus robur 4.8

Fraxinus excelsior 4.2

Platanus x hispanica 3.7

Tilia cordata 3.5

Acer pseudoplatanus 3.4

Aesculus hippocastanum 2.7

Tilia xeuropaea 2.6

Carpinus betulus 2.5

Celtis australis 2.4

Most common trees-percentage of all trees by number



Most common trees-presence in inventories
Species Percent

Tilia cordata 91.6

Acer platanoides 89.6

Aesculus hippocastanum 89.6

Robinia pseudoacacia 89.6

Acer pseudoplatanus 88.3

Carpinus betulus 87.0

Juglans regia 86.4

Liriodendron tulipifera 86.4

Quercus robur 86.4

Acer negundo 85.7



Susceptibility of urban trees to invasive forest pests

EFSA priority quarantine pests
Species

Siberian silk moth
Dendrolimus sibiricus

Pinewood nematode
Bursaphelenchus xylophilus

Emerald ash borer
Agrilus planipennis

Chinese longhorn beetle
Anoplophora chinensis

Bronze birch borer
Agrilus anxius

Asian longhorn beetle
Anoplophora glabripennis



Urban trees as stepping stones for invasive forest pests

Species

Siberian silk moth
Dendrolimus sibiricus

Pinewood nematode
Bursaphelenchus xylophilus

Emerald ash borer
Agrilus planipennis

Chinese longhorn beetle
Anoplophora chinensis

Bronze birch borer
Agrilus anxius

Asian longhorn beetle
Anoplophora glabripennis



Approaching invasive forest pests in Europe

Emerald Ash Borer
❖Emerald Ash Borer in Europe

❖First detected in 2003 near Moscow

❖Spreading

❖Concerning, because 5.3% of trees in 

the EU are Fraxinus sp.(ash)

❖97% of urban tree inventories contain

Fraxinus sp

❖In USA: >90% ash tree mortality due to 

emerald ash borer predicted*

❖Fraxinus excelsior less susceptible than 

American Ash species**

❖But : stressed trees in urban 
environments

❖ Fraxinus spp. in Europe are already 

suffering from Ash dieback

❖Reason for concern 

Future of Ash in European cities

❖For 52 inventories: data on 

plant year

❖~160000 trees planted from 

2018-2023

❖From which 4.7% Fraxinus sp.

❖~7638 trees

❖recommendation to plant Ash

trees

*Hudgins et al., 2022, J. of Applied 
Ecology** Showalter et al., 2019, Plants People Planet



Conclusions

❖EU priority quarantine pests and pathogens:

most will find abundant host trees in European cities.

❖Specific situation EAB:

Advise against planting more Ash trees in European cities

❖Urban trees: stepping stones for invasive forest pests

Monitoring opportunities

❖Generally:

Planning urban tree species: do we consider potential invasive species 

enough?

❖Astonishingly high species richness: common garden experiment



Thank you
Dinka Matošević | Croatian Forest Research Institute

Johanna Witzell, Linnaeus University, Sweden

Benno Andreas Augustinus, WSL, Switzerland

Mariella Marzano, Forest Research, UK

Martina Kičić, Croatian Forest Research institute

dinkamatosevic@gmail.com
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About Montgomery Parks 

Maryland-National Capitol 
Park and Planning 
Commission

• Land Ownership 11.4%
• 37,072 acres
• 8,000 Actively Maintained 

Acres
• 421 Parks
• >1M People 



Parks’ Arboriculture 











Hazard Tree 
Inspection 



Work Prioritization 

• Inspection – 30 days

• Critical- ASAP

• High Risk – 30 days

• Medium-high Risk – 90 days

• Moderate Risk – 3-12 months

• Low Risk – No work required



Hazard Tree Work  



Massachusetts 
Self Help Rule

➢ You can cut branches 
or roots from a tree on 
your neighbor’s 
property that extends 
into your property

➢ When a tree or its 
branches fall, it is 
considered an “Act of 
God,” unless the tree 
was known to be dead 
or hazardous

Hensley v. Montgomery 
County (1975)

Melnick v. C.S.X Corp.(1988)







Thank you
Colter Burkes

Senior Urban Forester

Montgomery Parks

Colter.Burkes@montgomeryparks.org
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ONE-HEALTH CONCEPT AND THE BURDEN OF ALLERGIC DISEASES

Global Wex Index 2020

Longer growing seasonShift in geographical distribution of 
pollen



ONE-HEALTH CONCEPT AND THE BURDEN OF ALLERGIC DISEASES

Conceptual model showing the effect of various environmental factors on asthma and 
allergies in children residing in urban versus rural areas (Prifit is et al., 2009)

• MAJOR RATE OF POLLEN ALLERGY IN URBAN THAN IN

RURAL AREAS

• POLLEN FROM TREES WITH HIGH FREQUENCY IN URBAN

FORESTS ARE INCREASING THEIR ANNUAL POLLEN

INTEGRAL (APIn)

• THE INTERACTIONS WITH AIR POLLUTANTS MAY HAVE AN 

AGGRAVATE EFFECT ON THE SYMPTOMATIC RESPONSE OF 

ALLERGICS



POLLEN EMISSIONS AS ECOSYSTEM DISSERVICE



Exactly what do we know about tree pollen allergenicity?

Sousa-Silva et al., 2020. The Lancet Respiratory Medicine 2020 8DOI: (10.1016/S2213-2600(19)30472-2

CAUSES OF THE GROWING ALLERGENICITY OF URBAN FORESTS



CAUSES OF THE GROWING ALLERGENICITY OF URBAN FORESTS

CAUSES OF THE GROWING ALLERGENICITY:

• LOSS OF BIODIVERSITY

• BOTANICAL SEXISM

• INTRODUCTION OF ALLOCHTHONOUS SPECIES

• SPREAD OF INVASIVE SPECIES

• ENVIRONMENTAL DEGRADATION

• CLIMATE CHANGE

• ATMOSPHERIC POLLUTION

• BIOTIC HOMOGENIZATION

• PROXIMITY TO ALLERGEN SOURCES OF EMISSION

• DECISIONS MADE SEVERAL DECADES AGO

LOW BIODIVERSITY BOTANICAL SEXISM

INTRODUCTION EXOTICS SPREAD OF INVADERS

MOLECULAR CROSS-
REACTIONS



GLOBAL ATLAS OF ALLERGY. EAACI. 2014

CAUSES OF THE GROWING ALLERGENICITY OF URBAN FORESTS

Ginkgo biloba

Gleditsia triacanthos

Acer negundo

Acer platanoides

Acer rubrum

Pyrus calleryana

Quercus rubra

Prunus cerasifera

Acer saccharinum

Tilia cordata

Morus alba

Quercus palustris

Liquidambar styraciflua

Liriodendron tulipifera

Acer saccharum

Fraxinus americana

Acer palmatum

Quercus robur

Aesculus hippocastanum

The Global Urban Tree Inventory: A database of the 

diverse tree flora that inhabits the world’s cities (Ossola et 
al., 2020. Glob. Ecol. Biog. 11, 1907-14)



ALLERGENICITY???

DECISSIONS MADE SEVERAL DECADES AGO



CASE 1: LONDON PLANE



Plat anus orientalis Plat anus occident alis Plat anus x 
hispanica

X =

BENEFITS OF LONDON PLANE

•Easily available in nurseries at an
advantageousprice

•Fast growing

•Good tolerance to urban microclimate
conditions, soil compaction and air pollution

•Participate in pollution mitigation by
accumulating PM in in its cortex and leaves

•Participate in the regulation of urban

microclimate providing shade and moderating
winds

•High phenotypic plasticity with resistance to
frost and drought

•Supports pruning well, even intense

CASE 1: LONDON PLANE

SEM images of the adaxial (a) and abaxial (b)

surfaces of London-plane leave. Particulates PM3-10

deposited on surface (c). Baldachini et al., 2017.



CASE 1: LONDON PLANE

PRODUCTION OF HIGH AMOUNTS OF ORGANIC DEBRIS

PRODUCTION OF HIGH AMOUNTS OF BVOCs SUSCEPTIBILITY TO PESTS AND 
DISEASES

COSTS (DISSERVICES) OF LONDON PLANE

*Threshold of symptomatic
response in sensit ized people is
50 grains/m3
*More than 60% of affected
popultaion in Madrid

*Cross-allergenicity with Olea,
birch and grass pollen

DISTRIBUTION ON PLANE-TREE ALLERGENICITY IN THE WORLD



CASE 2: GINKGO BILOBA

GINKGO IN HORTUS BOTANICUS GRANADA, 1889
GINKGO IN HORTUS BOTANICUS LEIDEN, 1870



CASE 2: GINKGO BILOBA

Larger populations Ginkgo biloba in cities

https://www.discoverlife.org/mp/20m?act=make_map&kind=Ginkgo+bil
oba



CASE 2: GINKGO BILOBA

Yun YY, Ko SH, Park JW, Hong CS. 2000. IgE immune
response to Ginkgo biloba pollen. Ann Allergy Asthma

Immunol. 2000 Oct;85(4):298-302

PORTABL

E
PERMANENT

31/03 113

1/04 57

2/04 236 2

3/04 168 0

8/04 1022 12

9/04 1116 9

10/04 10

Pollen

product/

anther

Pollen

product/

brachiblast

Pollen

product/

branch

Pollen

product/

tree

2012 1.800 pollen

grains

180 x 10 3 180  x 10 4 180 x 10 6

2013 13.852 pollen

grains
138,52 x 10 4 138,52 x 10 5 1.385,2 x 10 6

PORTABL

E
PERMANE

NT

17/04 37 2

18/04 92 3

19/04 129 3

20/04 37 1

21/04 36 1

22/04 34 3

23/04 16 0

24/04 36 2

Phenology and Aerobiology of the Maidenhair tree (Ginkgo biloba)

Cariñanos et al., 2013.



The New Hope



Assessment 3,129 tree and shrub species, using three metrics related to climate vulnerability: 

exposure, safety margin and risk.

Proportion of plant species predicted to be at risk of changes in maximum temperature of the warmest month 
(A), minimum temperature of the coldest month (B), and precipitation of the driest quarter 

Esperon-Rodriguez, et al. Climate change increases global risk to urban forests. Nat. Clim. 

Chang. 12, 950–955 (2022). https://doi.org/10.1038/s41558-022-01465-8

MEASURES TO MINIMIZE THE IMPACT OF TREE ALLERGENICITY 



ZONE 6 ZONE 7 ZONE 8 ZONE 9 ZONE 10

MEASURES TO MINIMIZE THE IMPACT OF TREE ALLERGENICITY 



Figures 1 & 2. The allergenicity riskscape of the cit ies of Montreal (left) Barcelona, New York City, Paris, and Vancouver based on the potential pollen 
allergenicity of the public trees analyzed in each city using diferent tree allergenicity data sources. Each dot represents one tree, each row 
corresponds to a single city, and each column to a diferent tree allergenicity data source. Only the AIA-, Citree-, OPALS-, and Pollen.com-based 
riskscapes are shown for presentation clarity and because the four datasets contained the largest numbers of species for which allergenicity is 
reported (for more than 100 species). 

STRONG VARIATIONS IN URBAN ALLERGENICITY RISKCAPES DUE TO POOR KNOWLEDGE OF TREE POLLEN ALLERGENIC 
POTENTIAL (Sousa-Silva et al., 2021. Scientific Reports, 11:10196)

MEASURES TO MINIMIZE THE IMPACT OF TREE ALLERGENICITY 



VALUE OF POTENTIAL ALLERGENICITY (VPA)

MEASURES TO MINIMIZE THE IMPACT OF TREE ALLERGENICITY 



VALUE OF POTENTIAL ALLERGENICITY (VPA)

VPA Class of 

Allergenicity

0 Nil

1-6 Low

8-12 Moderate

16-24 High

27-36 Very High

MEASURES TO MINIMIZE THE IMPACT OF TREE ALLERGENICITY 



DATABASE FOR CALCULATING THE VPA OF 

TREES, BUSHES AND HERBS SPECIES

SafeCreative code 1803156149680, 

IPR-684

500 TREE SPECIES     777 SHRUBS SPECIES    
90 HERBS AND WEEDS 

**
***
***
**
**
*
*
***
**
**
**
***

**

The Auto Arborist Dataset 

https://google.github.io/auto-arborist/
Beery et al., 2022.

MEASURES TO MINIMIZE THE IMPACT OF TREE ALLERGENICITY 



Citrus aurantium Platanus x 

hispanica

Cupressus 

spp.

Mapping the allergenicity of urban trees and urban parks in the city of Valencia (Spain).

Cariñanos& Calatayud. 2023 (In preparation).

MEASURES TO MINIMIZE THE IMPACT OF TREE ALLERGENICITY 



MEASURES TO MINIMIZE THE IMPACT OF TREE ALLERGENICITY 



THE GREENING THAT MANY CITIES ARE CARRYING OUT AS A NATURE-BASED 

SOLUTION TO FACE THE IMPACTS OF CLIMATE CHANGE, THE NEW SPECIES 

THAT WILL REPLACE THE CURRENT FORMERS OF URBAN FORESTS, AND ABOVE 

ALL, THE CONSIDERATION OF ALLERGENICITY AS A CRITERION OF SELECTION 

OF URBAN TREES REPRESENT AN OPPORTUNITY TO MITIGATE WRONG 

ALLERGENIC DECISIONS MADE SEVERAL DECADES AGO

CONCLUSIONS



Thank you
Paloma Cariñanos| University of 

Granada
palomacg@ugr.es

This research was funded by University of Granada through Pre-competit ive Research 
Projects Own Plan, PP2022.PP.34, Pre-GREENMITIGATION3
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The potential of the Handheld Mobile Laser 

Scanner (HMLS) tool 

in urban forest planning to design 

canopy consolidation interventions



General Overview Aims Material and Methods Results Final Remarks Conclusion and Implications

46 of Monumental trees in Palermo city

12 of Ficus macrophylla subsp. columnaris in historical gardens



General Overview Aims Material and Methods Results Final Remarks Conclusion and Implications

The use of innovative terrestrial LIDAR 

technologies to support the collection of 

preliminary data 

necessary to design 

 a consolidation of the monumental trees 

canopy

AIM OF THE STUDY



General Overview Aims Material and Methods Results Final Remarks Conclusion and Implications

EXPERIMENTAL SET-UP

A) Extrapolation of basic dimensional attributes of tree

  1- Identification of Ficus macrophylla subsp. columnaris

in the historic gardens of Palermo,

  2- LIDAR data collection in field,

  3- LIDAR Data processing and restitution of tree digital model.

Location of trees

2- Garibaldi 

Garden

CITY: PALERMO, ITALY

B) Analysis of the structural tree canopy stability

  1-Inspection of the tree branching structure,

  2-Load assessment on the tree,

  3-Identification of vulnerable crown branches in the 

tree.

C) Design of bracing/cabling schemes for tree 

consolidation

Average annual temperature: 

12.2 °C (February) - 36.8 °C (August)

Precipitation: 615 mm for year

Soil: platform and deep-sea carbonates of Triassic-Oligocene age from 

Oligo-Miocene terrigenous deposits.

1-Botanical Garden, 

University of Palermo



General Overview Aims Material and Methods Results Final Remarks Conclusion and Implications

Lightweight hand-held mobile laser 
scanner with compact designe (HMLS)

300,000 measurements per second and 100 
m of max laser beam

with a Simultaneous Localization and 
Mapping (SLAM) technology 

MATERIALS

GEOSLAM ZEB HORIZON ™

HMLS walking path scheme

Lidar data: LIDAR point cloud with format 
.las/.laz



General Overview Aims Material and Methods Results Final Remarks Conclusion and Implications

LIDAR data processing Workflow

Input data: 

LIDAR point 
cloud

2-EXTRACTION OF 

DIMENSIONAL

TREE ATTRIBUTES 

• Measuring of 
Stems Diameter, 

Height, Canopy 
Surface

• Restitution of the 
Tree Digital Model 
and measuring of 

Canopy and Stem 
Volume

• Calculation of 
total Bending 
Stress Load

1-LIDAR PRE-PROCESSING

• Removal outliers and
    Filtering of ground points

• Removing the impact of terrain 
from Laser point Cloud.

Software tools used:

-GeoSlam Hub 6.2, 

-LIDAR360,

-TREESQM (MatLab 
package)

3- IDENTIFICATION OF VULNERABLE 

CROWN BRANCHES 

(Reyes,1992; Mattheck and Breloer, 1998; Niclas et al., 2014; Sani L., 2017; De Tanago et al. 2018, Petri et al., 2019; Dahle et al., 2019; Ducup et al. 2021; Pérez-Martín E. et al., 2021; Bessa et al., 2022)
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General Overview Aims Material and Methods Results Final Remarks Conclusion and Implications

Results of phase-A: Dimensional attributes of trees
1° FICUS TREE: Botanical Garden                                                              2° FICUS TREE: Garibaldi Garden
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DBH distribution 
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(Ficus of Garibaldi Garden)

Dimensional Parameters 1° 2°

Height (m) 29 32

Crown Base Height  (m) 10.7 12.1

Canopy Surface (m2) 2390 1980

Total Volume (m3) 18866 26388

Total number of prop roots 137 219

Density (n. prop roots/canopy surface) 0.05 0.11

Total number of branches 12 14
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Results of phase-B: Analysis of the structural tree canopy stability

ID Branch 1 2 3 4 5 6 7 8 9 10 11 12

Volume (m3) 11 5.5 9 5.2 5.4 3.9 0.7 24 24 31 8 7

Mean insertion
angle (°)

41 39 49 49 26 61 30 44 48 12 16 47

Surface area (m2) 48 22 45 25 9.8 27 3.4 44 61 82 25 16

N. prop roots 6 7 13 2 0 4 1 6 16 1 0 0

Length of 1st order 
axis (m)

3.9 4.9 5 4 2 2.8 3.8 6.1 1.9 2.2 0.9 14

Basal Diameter of 1st 
order axis (m)

0.7 0.5 0.5 0.6 0.8 0.7 0.3 1 0.7 1 0.9 0.9

BENDING STRESS (σ)

LOAD TOTAL VALUES
0.6 0.1 0.3 0.2 0.4 0.5 0.2 0.5 1.9 1.3 0.4 0.2

Red: Branch 10

Green: Branch 11
(LIDAR360 software image)

1° FICUS TREE: Botanical Garden
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Results of phase-B: Analysis of the structural tree canopy stability

ID Branch 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Volume (m3) 2 27 2 10 3 13 4 7 9 12 9 8 10 1

Mean insertion
angle (°)

15 63 55 56 56 39 48 25 41 19 5 7 37 32

Surface area (m2) 10 12 12 25 14 42 9 42 35 26 63 22 39 7

n. prop-roots 2 3 4 6 1 3 1 1 4 1 0 0 3 2

Length of 1st order axis 
(m)

2.0 3.3 4.3 3.7 3.2 2.6 2.7 3.4 3.9 1.7 3.8 2.8 2.2 3.4

Basal Diameter of 1st 
order axis (m)

0.4 1.3 0.4 0.5 0.5 0.6 0.9 0.7 0.6 1.1 0.9 0.8 1.0 0.5

BENDING STRESS (σ)LOAD 
TOTAL VALUES

0.01 0.83 0.05 1.16 0.15 0.87 0.25 0.22 0.37 0.13 0.24 0.36 1.21 0.19

Red: ID Branch 4

Green: ID Branch 3
(LIDAR360 software image)

2° FICUS TREE: Garibaldi Garden
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Results of phase-C: Consolidation drawings for certain branches of a tree's canopy.

1° FICUS TREE: Botanical Garden

Three consolidations

Type of consolidation:
Two tethering system with 

a high-strength
(8 MN, 27.55 m)

One tethering system with 
a medium-strength

(4 MN, 17.18 m)

Material specification:
Polypropylene, elongation
about 5%

Anchoring points: 

Near main branch

Branch ID 9 Branch ID 10

Installation map:

Four Consolidations

Type of Consolidation:
Two tethering system with a 

low-strength (2 MN, 27.76 m)

Two tethering system with a

medium- strength
(4 MN, 36.48 m)

Material specification:
Polypropylene, elongation

about 5%

Anchoring points:
Near main branch

Installation map:
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Results of phase-C: Consolidation drawings for certain branches of a tree's canopy

Branch ID 4

2° FICUS TREE: Garibaldi Garden

Branch ID 13

One Consolidation

Type of Consolidation:
One tethering system with a 

high-strength
(8 MN, 20.00 m)

Material specification:
Polypropylene, elongation
about 5%

Anchoring points:
Near main branch

Installation map: Installation map:

One Consolidation

Type of Consolidation:
One tethering system with a 

medium-strength(4 MN, 22.50 m)

Material specification:

Polypropylene, elongation about
5%

Anchoring points:
Near main branch



LIDAR 

TECHNOLOGY

Precise Structural

Assessment

Load Distribution 

Analysis

Identification of Vulnerable

Branches

Monitoring Structural

Changes

Planning 

Consolidation 

Measures

General Overview Aims Material and Methods Results Final Remarks Conclusion and Implications
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• Evaluation of carbon stock

• Simulations of pruning interventions

• Analysis of the size of shaded space and current dimensional development

Conclusion and Implications

Future researches

• Innovative technology plays a significant role in the intervention of consolidation for trees

• Identification and treatment of vulnerable branches mitigate the risks associated with tree failure in extreme weather conditions 

• Consolidation benefits for preserving historic trees and tree habitats

• Consolidation supports sustainable urban planning by integrating existing trees into new developments



Thank you
Serena Sofia| University of Palermo

serena.sofia@unipa.it
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Wildfire are affecting urban areas



Communities are also being affected



Larger and more Severe Wildfires in California 

https://emlab.ucsb.edu/sites/default/files/documents/wildfire-brief.pdf

• “Wildfire risk to Communities” based on, “…building centroid point file from 
individual Microsoft building footprint polygons (n = 25 million; Microsoft, 2018) 

… to tabulate the total number of buildings within each perimeter” (Ager et 

al., 2021.

Number of human fatalit ies due to wildfires in California, Oregon, 
Arizona USA; Australia; Greece, Spain and Portugal; and Chile from 
2003-20.



Urban forests in fire-prone 
landscapes in California

Fire is an Ecosystem Disservices 
(ecological processes or costs that 

negatively affect human well-being)

Urban forests provide Ecosystem Services 
(ecological processes or benefits that 

positively affect human well-being)



Ecosystem Disservices or Service?

• Fire Hazard

• Trees ignite homes 

on fire

• Smoke emissions

• Hazard Trees

• Homeowner fear

• Insurance 

coverage

• Ecosystem services

– Cooling, air quality, 
runoff,  property values

• Green/maintained 
areas alter fire 

behavior

• Tree crowns filter 

embers

• Eventual greening

✓ Many fire are extreme events; other are not

✓ Fire severity is not uniform

✓ Urban forest: cover, structure, maintenance, 

greenness, proximity to homes, will vary

✓ Many people feel urban forests increase risk; others do 

not



A1) Define and 
ident ify “urban” and 

“community”

A2) Use available 
imagery map urban 

tree cover (UTC)

A3) Identify and 
map fire affected 

UTC

B4) Map urban 
vegetation types

C) Urban forest-
Fire-Building 
interactions 

Wildfire effects on Urban and Community Forests

• National Land Cover Database, 30m 
• National Agriculture Imagery Program, 1m 
• Salo Sciences California Forest Observatory, 10m

• Cal Fire’s Fire and Resource Assessment Program data
• RAVG burn severity data
• UTC-ecosystem service proxies

• World-View Imagery (3m) 
• Mult i-resolut ion segmentation, Microsoft 

building foot print, Rule-based Classification

• Object-based classificat ion using Random forest algorithm 
in eCognit ion

• Cal Fire DINS, Microsoft buildings, and CoreLogic data
• Building loss/damage-Vegetation type, diversity, greenness, 

distance interactions

• US Census Bureau urban areas
• National Land Cover Database
• Available city/county data

https://salo.ai/assets/pdf/Forest-Observatory-Data-Description.pdf
https://burnseverity.cr.usgs.gov/ravg/
https://github.com/microsoft/USBuildingFootprints
https://github.com/microsoft/USBuildingFootprints
https://gis.data.ca.gov/datasets/1b1c428af1f74a8c912f4b5c9e40d51e/about


Wildfire affected Urban Communities 2010-2020



Urban Tree Cover (UTC) change over time

FA= Fire Affected
NFA= Non-fire 
Affected
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Fire Severity and Ecosystem Services 

Rapid Assessment of 
Vegetation Condit ion After 

Wildfire (RAVG): High, 
Moderate, Low Burn 

severity

Wildfire 

(city)

C 

Storage 

(t)

C 

sequestration 

(t)

Air 

Quality** 

(t)

Energy 

(MWh)

Stormwater 

(m3)

Thomas 

(Ventura) 57,307 20,079 20 6,591 47,066 

Tubbs 

(Santa 

Rosa) 80,638 6,949 7 1,838 144,834 

Camp 

(Paradise) 55,065 14,322 14 764 116,352 

*McPherson, E. Gregory, et al. "The st ructure, funct ion and value of urban forests in California communit ies." 
Urban Forestry & Urban Greening 28 (2017): 43-53.

**PM10+O3+SO2+NO2

Pre-
fire 
Googl
e 
Earth 

11/18

Post-fire 
Google 
Earth 
11/19

Ecosystem services lost  in UTC with High and Moderate fire severity 
* 



On-going Research

• Urban forest structure greenness and 

building loss

• Post-fire urban tree mortality study is 

on-going (A. Ossola, UCD; R Klein, UF)

• Urban tree/shrub flammability study (N 

Van Doorn, S Drury USFS)

• Post-fire urban forest restoration 

manual and guidelines for western 

urban forests (USFS & UC Extension)



Communities will rebuild

Before and after: Where the Thomas fire destroyed buildings in Ventura, PRIYA 

KRISHNAKUMAR AND JOE FOX DEC. 6, 2017, Los  Angeles  Times

January 2004 May 2022

Ventura, 
CA

San 
Bernardino, 

CA

• Cities increasingly being 

affected by fire!

• No longer Wildland-

Urban Interface/Peri-

urban problem

• What urban forests do we 

want post-fire; short and 

long-term?

• Disservices can be 

minimized; but there will 

be trade-offs



Thank you
Francisco J Escobedo| US Forest Service &

Los Angeles Urban Center

Francisco.Escobedo@usda.gov



Session 3.5: The Day of the Triffids: How 
to manage risks associated with urban 

forests (invasive species, allergies, 

fires, breakages, falls)

PP-23-3573
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