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Emerald ash borer : projected costs by 2020 = 25 billion $

Belvedere Dr., Toledo, OH. Left: Before EAB June 2006 | Right: Peak EAB June 2009
First detected 2002



3 components of risk

Hazard

Vulnerability

Exposure

RISK

Hazard = cause
of damage, 
abiotic (wind, 
fire) & biotic 
(pests, diseases)

Vulnerability = 
tree / stand 
susceptibility to 
hazards resulting 
in damage

Exposure
= socio-economic 
consequences of 
damage, related 
to values at stake

Risk = Hazard (likelihood) x Vulnerability (level) x Exposure (amount)



3 dimensions of global change

1.Climate change



3 dimensions of global change

2. Global trade



3 dimensions of global change

3. Urbanization



Hazard

Vulnerability

Exposure

Climate Trade Urbanization 



1. Hazard = likelihood of entry and establishment 
of exotic pests in forests



1.1. Hazard = exotic pests vs. global trade 

Seebens et al. 2017

Rqoues NJFR 2010

Liebhold et al. FEE 2012

Wood packaging

Plant for planting

ISPM15

Seebens et al. 2016



1.1. Hazard = exotic pests vs. global trade 

1000 billions $

14 days



1.1. Hazard = exotic pests vs. global trade 
Tree genera present in China

Abies
Acer
Alnus
Betula
Buxus
Castanea
Corylus
Cupressus
Fagus
Fraxinus
Juniperus
Larix
Malus
Pinus
Populus
Salix
Sorbus
Taxus
…





1.2. Hazard = exotic pests vs. climate change 

Box tree moth (Cydalima perspectalis)

Nacambo et al. 2014



1.3. Hazard = exotic pests vs. urbanization
- High population density
- Proximity to ports of entry
- Tree diversity hotspots 

Branco, M., Roques, A., Jactel, H.

750 records of 1st interception
In 46 EPPO countries
150 exotic forest insect species

Type of habitat Distance to the nearest seaport (10km)



1.3. Hazard = exotic pests vs. climate change × urbanization



2. Vulnerability = susceptibility of native forests 
to exotic forest pests, leading to damage

Enemy release hypothesis : lack of predators from the 
area of origin

Evolution of Improved Competitive Ability hypothesis : 
investment in growth > defence in absence of coevolution 
with herbivore

Wan et al. 2014



2.1. Vulnerability = exotic pests vs. global trade 

- Globalization of forest resources (biotic homogenization)
- Same main productive tree species widely spread, problematic if vulnerable



2.2. Vulnerability = exotic pests vs. climate change

- Prediction of dryer conditions

Credit: University Corporation for Atmospheric Research

Xylosandrus germanus
Ambrosia beetle



2.3. Vulnerability = exotic pests vs. urbanization

- Stressful conditions of urban trees: air pollution, soil compaction, drought
- Stressed trees in urban conditions are more susceptible to exotic pests



3. Exposure = forest values exposed to damage by 
exotic forest pests

3.1 Exposure = forest values vs. global trade

- Worldwide increasing demand for wood products: tension 
around forest resources (shortage of fibre in the future)

FAOSTAT

Chinese imports



3.2 Exposure = forest values vs. climate change

- Climate change mitigation: carbon sequestration in forests
- Climate change mitigation: fossil fuels replaced by energy wood

Bellassen & Luyssaert 2014

European forests absorbed 
10% fossil-fuel emissions

Wood pellets global production



3.3 Exposure = forest values vs. urbanization

- More wood-based buildings
- Increasing recognition of services provided by urban trees

12-storey wood building in Quebec

Reduce air and sound pollution, runoff
Increase air quality, biodiversity, aesthetic



Hazard

Vulnerability

Exposure

Climate Trade Urbanization 



Conclusions

- Global change increases risks posed by exotic forest pests
- Once established, very difficult to eradicate or contain

- Prevention is better than cure:
1. Avoid hazard = improve detection at entry 
2. Reduce vulnerability = improve forest diversity
3. Reduce exposure = increase forest resources, plant more trees!

- Raise risk awareness
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