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Industry impact

As forests are an important part of the Irish government's climate action plan, it is important that future 
forests are adapted to future conditions so that they can continue to provide economic and social benefits. 

This research is a key recommendation of COFORD to inform the Sustainable Development and 
Conservation of Forest Genetic Resources in Ireland from 2020-2030. 
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Climate change

• Changing environmental conditions associated with climate change are creating uncertainties about the 
suitability of the current choice of species and used in Irish forestry. 

• Climate projections include an increase in seasonal temperatures, a decrease in summer rainfall in the 
easterly regions, coupled with an increasing frequency of extreme rainfall, drought and winter storms 
events. 

• It is likely that climate change will increase the abiotic and biotic stresses to tree species, especially those 
which have limited adaptive capacity. 

The FitForests project

• The FitForests is a DAFM-funded project which aim to address knowledge gaps in species and 
provenance selection to identify those that may be more adapted to future climatic conditions. 

• High diversity among may be better adapted to capitalize on changing environmental conditions. This 
adaptive capacity may allow trees to prosper in altered environments. 

Project Objectives
• Objectives of the project and included in four work packages (WP) as follows:

Assess the adaptability of various species and provenances to 
climate change

Which species are suitable for current and future climatic conditions in Ireland? 

Type Species Botanic name Experiment type
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Sycamore Acer pseudoplatanus Demonstration plots

Silver Birch Betula pendula Provenance expt.

Sweet chestnut Castanea sativa Demonstration plots

Beech Fagus sylvatica Provenance expt.

Cherry Prunus avium Demonstration plots

Sessile Oak Quercus petraea Provenance expt.

Pedunculate Oak Quercus robur Provenance expt.

Red Oak Quercus rubra Demonstration plots

Figure 1: A 
demo plot of 
Oriental 
beech (Fagus 
orientalis) in 
JFK Park 
showing good 
adaptation to 
site and the 
Irish climate.

Figure 2:
Species like 
Japanese red 
cedar here in 
Deputy’s pass, 
Co. Wicklow 
may have 
increased 
potential in 
Ireland as the 
climate warms.

Assess the impact of climate parameters on the phenology and 
physiology of key species of importance to Irish forestry

How seedlings respond to climate change?

- For oak, beech, Douglas-fir and Sitka spruce a 
growth chamber manipulation experiment will 
be conducted to investigate the impact of 
changes in environmental factors on the growth 
of such seedlings.

Figure 3: A Sitka spruce growth phenology experiment at Teagasc Research Centre
in Ashtown, Co. Dublin.

Assess the impact of extreme climatic events on the phenology 
of known tree species

How does  the phenology of known tree species responds to extreme temperatures?

Using ClimexTM, a bio-geo climatic 
modelling software, it is possible to 
identify suitable locations considering 
different climate change scenarios:

Investigate response of key species to drought events in Ireland

What is the impact of localised draught conditions on Sitka spruce? 

Figure 5: Felling and taking discs from sample trees for tree ring analysis 
to study if drought conditions can be detected in Sitka spruce

• Assessment of adaptive traits (timing of 
flushing and flowering) across a geographical 
range for broadleaves 

• Species or provenances may 
possibly be adapted to warmer 
conditions

Type Species Botanic name Experiment type
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European silver fir Abies alba Demonstration plots

Pacific silver fir Abies amabilis Provenance expt.

Grand fir Abies grandis Demonstration plots

Noble fir Abies procera Provenance expt.

Japanese red cedar Cryptomeria japonica Provenance expt.

Norway spruce Picea abies Provenance expt.

Sitka spruce Picea sitchensis Provenance expt.

Lodgepole pine Pinus contorta Provenance expt. 

Monterey pine Pinus radiata Provenance expt.

Scots pine Pinus sylvestris Provenance expt.

Douglas-fir Pseudotsuga menziesii Provenance expt.

Western red cedar Thuja plicata Provenance expt.

Western Hemlock Tsuga heterophylla Provenance expt.

Coast redwood Sequoia sempervirens Demonstration plots

Giant redwood Sequoiadendron giganteum Demonstration plots

- For Sitka spruce an experiment involving several seed origins and two main environment conditions will 
be conducted in Ashtown Reseach Centre.

Seedling phenology

• timing of budburst
• growth cessation
• shoot elongation

Seed origins
Seed origins

Seed origins
Seed origins

Seed origins
Seed origins

Outdoor
(current environment)

Indoor
(altered environment)

Water availability

Increased temperature

Increased CO2 concentration

Growth and physiological activity
through measurements of:
• whole-plant respiration

• water use
• photosynthetic activity
• chlorophyll fluorescence

WP2

Future suitability of species under an altered 
climate for a region of interest (Ireland)

Input:

Output:

Species-specific biological parameters 

Climatic variables Soil moisture

Measure of stress experienced
(e.g. heat, cold, dry)

Budburst information from the Phenological Network 
(50 years of assessments from hundreds of sites in Europe) for 

Norway spruce, oak, larch, ash and beech.

Phenological response
bud burst, leaf unfolding, growing season

Climate information from the Earth
System Grid Federation (ESGF) data
centre

For Sitka spruce, flushing data has been collected for 7 
consecutive years in Ireland (Figure 4). 
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Figure 4: Variability in budburst in Sitka spruce at Ballyhaise and Johnstown Castle 2013-2019.

- Four sites with Sitka spruce have been chosen for the study: JFK arboretum, Frenchpark, Co. Roscommon.

- Draught characterisation: data from local meteorological stations was used to obtain a Standardised 
Precipitation and Evapotranspiration Index (SPEI) at each site

- The analysis has indicated:

Drought events are site specific with
spatial and temporal variations in the onset, 

frequency, intensities and durations of droughts at 
different sites.

At Frenchpark, 
drought intensity 
showed an 
increasing trend. 
2003 and 2018 
were identified as 
severe drought 
years.

For example:

For JFK, Drought intensity shows a
decreasing trend. 1969, 1971 and
1990 were identified as severe
drought years with 1975 was
identified as an extreme drought
year with the longest drought
events lasted for 50 months (Nov
1969 - Dec 1973).

- Stem coring and/or tree discs (figure 5) have been 
collected to assess annual ring development 
(earlywood and latewood, density, etc.) using the 
WindendroTM tree ring analysis system.

- Carbon and oxygen isotope analysis will be used to 
investigate the relative contribution of water stress
versus high temperatures to known drought events 
using data from JFK Park.

We aim to study species that have provenance experiments and demo areas.

WP1

WP3 WP4

Outputs of this WP will include maps displaying the change in days of budburst for Ireland for different 
climate scenarios for Sitka and Norway spruce, Oak, Larch, Ash and Beech. 

Temperature extremes


