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Introduction 
Forest growth, function and productivity are influenced not only by climate, but by the interaction of 
climate, soil type and site specific factors. These complex interactions between climate and edaphic 
factors make it difficult to understand and predict species suitability in response to current or future 
climate. However, modelling can provide some insight into how species may respond to different 
climates. Site classification systems, which have been used in Canada, Scandinavia (Cajander, 1926) 
and central Europe (Ellenberg, 1988) to describe forest cover of regions, use biophysical variables 
describing site and climatic characteristics. An ecological site classification system (ESC) has been 
developed for Ireland (for review see Ray et al., 2009), based on a similar GIS system for the UK (Ray 
et al., 2003). This system has since been used to assess the impacts of projected climate change 
scenarios on species suitability.  

Multi-factor forest site classification systems, by definition, separate the effects of climate and 
edaphic factors on tree species or forest type suitability (Figure 1). The original ESC model is 
knowledge-based, developed through a Delphi processes, where experts were interviewed on the 
relationship of tree growth with 4 climatic indices and 2 soil factors (Pyatt et al., 2001). Climatic factors 
consists of accumulated temperature (AT) - the annual sum of mean daily temperatures exceeding 5  
averaged over 1961 - 1990 (accumulated day degrees above 5°C); moisture deficit (MD) - the 
maximum annual accumulated monthly excess of evaporation over rainfall averaged over 1961 - 1990 
(mm); continentality (Cont) - a measure of seasonal variability of the climate, using a modified Conrad 
index (unitless, Conrad, 1946); Detailed Aspect Method of Scoring (DAMS) - an index of wind exposure 
(unitless, Quine and White, 1994). The soil factors describe soil wetness - soil moisture regime (SMR), 
and soil fertility - soil nutrient regime (SNR). The soil attributes of texture, rooting depth, and stoniness 
are used to estimate the available water capacity, and this is related to climatic moisture deficit (MD) 
to provide an estimate of SMR for the site (for details of method see Pyatt et al., 2001). SNR is 
calculated through a relationship with field layer vascular plants and humus type (Wilson et al., 2001, 
2005). The four climatic indices are continuous variables whereas the two soil factors are categorical. 
SMR has 8 classes (Figure 1) representing different levels of soil moisture starting from very wet (class 
1) to very dry (class 8). Similarly, SNR has 6 categories for soil nutrient starting from very poor (class 
1) to carbonate (class 6). A score range between 0 and 1 was related against each individual climatic 
and soil factor using a polynomial function to represent the response of species suitability to the 
variable (Figure 1) with 0 indicating extreme limitation and 1 no limitation. 

An estimate of site suitability is given by calculating the individual scores for each ESC factor according 
to the warmth, moisture, exposure to wind and soil conditions of a site (Figure 1). The single most 
limiting growth factor defines the suitability score of the site. This score is then classified into three 
categories - unsuitable, suitable and very suitable. There is no compensation between factors, because 
this part of the model is not trying to predict the physiological responses of a species, but just simply 
to classify a site according to its minimum requirements to support establishment and growth of trees. 

Productivity is first estimated with the empirical function of Equation 1. The predicted yield class of a 

site (YC
ESC

, 113  yrham ) is driven by the response of a species to warmth. The score for AT is 

multiplied by the maximum yield class (YC
x
, 113  yrham ) observed for the species. The result is then 

multiplied by the next most limiting factor of the remaining five variables.  

},,,,min{ SNRSMRCONTDAMSMDATxESC ffffffYCYC   (1) 

 



www.fers.ie 
 

4 
 

 

Figure 1: The suitability of Sitka spruce according to a) Accumulated Temperature (AT - day degrees 

above 5ºC) and b) Moisture Deficit (MD - mm), DAMS or windiness, continentality, SMR-soil moisture 

regime and SNR- soil nutrient regime. Suitability is classified on a scale from 0 to 1, where limiting 

factor (f) values >= 0.75 is very suitable (GYC > 20), >= 0.5 is suitable (GYC 10 to 20) and < 0.5 is 

Unsuitable (GYC < 10, see Ray et al., 2003, for a detailed description). 

ESC limitations 
It should be stressed that the current CLIMADAPT model has limitations: 

 The model platform is a Delphi system so most species models have not been statistically 

validated. A validation of the Sitka spruce model predicted YC suggested a r2 of 0.37 

between predicted and observed YC values using NFI data (Xenakis et al, unpublished). 

 The model ignores interactions between all growth factors. 

 The model does not consider other factors such as nitrogen deposition, frost or CO2 

fertilisation. 

 Underlying spatial errors in the soil type GIS layer are perpetuated in errors in predicting 

SNR and SMR when regional analysis is done. The web based system is based on user 

defined inputs of soil type and vegetation. This approach would be more accurate. 

 The climatic variables are downscaled from a 13km grid to a 50 m grid using geostatistical 

approaches, so there are inherent scaling issues. 

 (Note: there is an error in a small section of the underlying climate raster file in the SW of the 

country (tip of ring of Dingle e.g. Dunquin, ring of Kerry -Ballinskelligs to Valentia, Sheeps 

head and Mizen head). This is very evident in the map for Corsican pine p20, for example. 

Please ignore the values computed for these areas)  
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Climate change scenarios 
The delivery of a web based application for species suitability under current and future climate is the 

major objective of the system (CLIMADAPT, Ray et al. 2009) and is the primary climate adaptation 

issue facing sustainable Irish forestry in the future. The climate change scenarios used in this paper 

are the IPCC A2 scenario for 2050 and 2080 based on outputs from theC4i modelling consortium 

(McGrath 2005).  

Ecological zones 
There are currently seven ecological zones for Great Britain and Ireland, based on ESC derived 

moisture deficits and accumulated temperature classes. In Ireland, there are currently four zones, 

but most of the country is dominated by one zone (warm moist, Figure 2). Under future climate 

there will be two dominant zones, warm wet and warm dry. The increase in the warm dry zone area 

under future climate is primarily associated with the increase moisture deficits in the E and Se of the 

country. This has important implications for conservation of genetic diversity of reproductive 

material and strategies for tree breeding and selection. 

Figure 2: Changes in ecological zones in Ireland form the base year (1990) to 2080 under the A2 

scenario 

 1960-1990 (Base year) 2080 
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Broadleaf summary 
Summary of species at risk* and alternative species options for specific niches  

Species in decline Replacement species Ecological niche/Region Risk consideration 

Acer pseudoplantanus Populus tremula, Alnus glutinosa or 
Betula spp. 

Very small areas in west with 
increasing soil moisture 

 

*Change from suitable to unsuitable over very large areas by 2080 

Summary of resilient species** or species with increase range*** or productivity  

Species  Opportunity Ecological niche/region Risks 

Alnus glutinosa*** Increase productivity (2-3YC) Elevated regions of S and SE  

Populus tremula**,*** Increase productivity (1-2YC) Sheltered inland regions and wide 
suitability range resilient to climate 
change risks 

 

Fraxinus excelsior Small change in range *** Generally, well suited except for 
peats and very dry soils  

Chalara 
Seed production and dormancy 

Fagus sylvatica Small change in range *** Generally limited to free draining 
mineral soils  

Decline in productivity in soils 
becoming wetter in winter 

Quercus rubor Increase in range*** Range for productive forestry 
limited to sheltered inland regions 
with well drained unexposed sites 
but can tolerate flooding 

 

Quercus petraea Resilient, no change in range Range for productive forestry 
limited to well drained and dryer 
soils and unexposed sites 

 

Betula pendula and B. pubescens Wide range unaffected *** and 
increasing in productivity in parts ** 

Increased productivity in inland 
sheltered sites 
Wide ecological range 

Chilling requirement for seed 
germination 
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Castanea sativa Increasing productivity and range in 
limited areas 

Increase in productivity limited to 
sheltered, well drained slightly 
impoverished soils with no 
excessive moisture 

 

** No change in suitable range, *** Increased productivity of (2 YC or more by 2080) 
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Alnus glutinosa (AL) 
 Base year to 2050 Base year to 2080 Notes 

Productivity 

 

  

Regional trends and influencing 
factors 
 Productivity declining over large areas 

(yellow areas, -1 YC, see left) 
associated with drier soil moisture 
regime (SMR) 

 Increase in productivity in higher 
regions and in S and SE seem to be 
associated with an increase in 
accumulated temperature  

 Unsuitable areas stay stable due to 
sensitivity to exposure and high winds 
(Horgan et al., 2004) 

 

Suitability 

 
 
YC Thresholds 
Unsuitable <4 
Suitable 4-6 
V.Suitable <6 

  

Extreme event risks or increased risk 
from known pests or diseases 
 Recent reports of Phytophthora 

cumbivora, root rot in Irleand and 
Britian (Horgan et al., 2004) 
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Populus tremula (AP) 
 Base year to 2050 Base year to 2080 Notes 

Productivity 

 

  

Regional trends and influencing 
factors 
 General increase in productivity (2-

3YCs) due to warmer climate, 
partculalry in sheltered inland areas 
with intermediate SMR.  

 Although CLIMADAPT suggests that 
the spp. seems to be suitable in 
areas with predicted increase in 
moisture deficits, the species does 
prefer wetter soils (Horgan et al., 
2004). 

 

Suitability 

 
 
YC Thresholds 
Unsuitable <4 
Suitable 4-6 
V.Suitable 7-12 

  

Extreme event risks or increased 
risk from known pests or diseases 
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Fraxinus excelsior (AS) 
 Base year to 2050 Base year to 2080 Notes 

Productivity 

 

  

Regional trends and influencing 
factors 
 Unsuitablility areas generally 

unchanged in future (and unchanged 
YC light green areas) due to soil 
nutrient regime (SNR) being 
unsuitable. 

 Decrease in productivity(-1 YC) in SW 
and NW due increased exposure 
(DAMS) 

 Decrease in productivity (-1 YC) in S, 
E and SE due to moisture deficit and 
SMR limitations on growth 
Note: very high site to site variations 

 

Suitability 

 
 
YC Thresholds 
Unsuitable <4 
Suitable 4-7 
V.Suitable 8-10 

  

Extreme event risks or increased 
risk from known pests or diseases 
 Hymenoscyphus fraxineus outbreak 

currently limits the use of the 
species 

 Chilling requirements to break seed 
dormancy may not be sufficient 
under warmer climates 

 Milder winters may decrease seed 
production 
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Fagus sylvatica (BE) 
 Base year to 2050 Base year to 2080 Notes 

Productivity 

 

  

Regional trends and influencing 
factors 
 Productivity declining most in 

already unsuitable sites (i.e less well 
drianed soils) becoming more wet in 
winter months.  

 Increase in unsuitablility also 
associated with increase exposure in 
W regions 

 Increase in productivity in some 
areas associated with higher 
temperatures and drier soils in 
summer months 

 

Suitability 

 
 
YC Thresholds 
Unsuitable <4 
Suitable 4-6 
V.Suitable >6 

  

Extreme event risks or increased 
risk from known pests or diseases 
 Wetter winters and drier summer 

may increase severity of Ganoderma 
applanatum infections 

 Beech woolly aphid 
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Quercus rubor (PO) 
 Base year to 2050 Base year to 2080 Notes 

Productivity 

 

  

Regional trends and influencing 
factors 
 Suitablity range for productive 

forestry limited to low lying areas 
with moderate soil fertility. 

 Productivity largely unchanged 
(light green zones YC change maps) 

 Decline in productivity in the 
northern regions associated with 
wetter SMR (flooding), particualrly 
in winter months 

 Increased productivity in lower 
lying areas associated with an 
increase in temperature 

Suitability 

 
 
YC Thresholds 
Unsuitable <4 
Suitable 4-6 
V.Suitable >6 

  

Extreme event risks or increased 
risk from known pests or diseases 
 Polyporus sulphurens and Stereum 

gausapatum fungal diseases may 
increase in prevalence 

 Phytophthora romorum ? 
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Quercus petraea (SO) 
 Base year to 2050 Base year to 2080 Notes 

Productivity 

 

  

Regional trends and influencing 
factors 
 Wider suitablity range than Q. 

rubor due to tolerance to higher 
moisture deficits 

 Unsuitable areas and decline in 
productivity associated with 
exposure and wetter SMR 

 Increased productivity (2 YCs) in 
lower lying areas associated with 
an increase in temperature 

 
 

Suitability 

 
 
YC Thresholds 
Unsuitable <4 
Suitable 4-6 
V.Suitable >6 

  

Extreme event risks or increased 
risk from known pests or diseases 
 Polyporus sulphurens and Stereum 

gausapatum fungal diseases may 
increase in prevalence 

 Phytophthora romorum ? 
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Betula pendula and B. pubescens (BI) 
 Base year to 2050 Base year to 2080 Notes 

Productivity 

 

  

Regional trends and influencing 
factors 
 Stable and wide suitablity range, 

limited only in higher exposed 
areas (DAMS<17) 

 Decline in productivity (-1YC) in N 
areas associated with an increase 
in exposure 

 Increased productivity (2 YCs) in 
lower lying areas associated with 
an increase in temperature 
(relative increase in AT is higher in 
inland regions) 

 Silver birch generally more 
nutrient demanding and sensitive 
to frost (Horgan et al., 2004) 

Suitability 

 
 
YC Thresholds 
Unsuitable <4 
Suitable 4-6 
V.Suitable >6 

  

Extreme event risks or increased 
risk from known pests or diseases 
 Witches broom (Tapharia 

betulina) and honey fungus 

 Require chilling to acitivate 
dormancy release in seeds, so 
germination rates may decline 
under water climates 
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Acer pseudoplantanus (SY) 
 Base year to 2050 Base year to 2080 Notes 

Productivity 

 

  

Regional trends and influencing 
factors 
 Decline in productivity (-1YC) in S 

and SE areas associated with an 
increase in moisture deficit 

 Decline in N and W (N Kerry and N 
Cork) associated with change in 
SMR from moist to wet. 

 Increased productivity (2 YCs) in 
well drained areas of Clare 
associted with a incrase in 
temperature  

 
 

Suitability 

 
 
YC Thresholds 
Unsuitable <4 
Suitable 4-8 
V.Suitable 9-12 

  

Extreme event risks or increased 
risk from known pests or diseases 
 Crytostroma corticale infections 

more prevalent in warmer climate, 
therefore sooty bark desease may 
become more prevalent in future 
(hotter summers) 
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Castanea sativa (SC) 
 Base year to 2050 Base year to 2080 Notes 

Productivity 

 

  

Regional trends and influencing 
factors 
 Limited to sheltered, acidic 

moderatly fertile soils with 
sufficient but not excessive 
moisture. 

 Increased productivity (1-2 YCs) in 
suitable sheltered areas are 
associated with an increase in 
temperature  

 High site to site varaibility 
depending on soils 

 
 

Suitability 

 
 
YC Thresholds 
Unsuitable <6 
Suitable 6-8 
V.Suitable >8 

  

Extreme event risks or increased 
risk from known pests or diseases 
 Root rot in wet, poorly drained 

compact clays (Phytopthora 
cinnamomi and P. cambivora) 

 Frost sensitivity may be an issue in 
extreme climate such as early or 
late frosts 
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Conifer summary 
Summary of species at risk* and alternative species options for specific niches  

Species in decline Replacement species Ecological niche/Region Risk consideration 

Picea sitchensis  
 

Pseudotsuga menziesii Increasing soil moisture deficits in S, 
E and SE, but on higher elevated well 
drained sites 

Swiss needle cast disease 

Picea sitchensis  Pinus nigra var maritima Increasing soil moisture deficits in S, 
E and SE, coastal and lower 
elevations 

Red band needle blight disease 

Larix kaempferi and L .x europelis  
 

Pseudotsuga menziesii, Pinus nigra 
var maritima 

Increasing soil moisture deficits in S, 
E and SE 

As above 

*Change from suitable to unsuitable over very large areas by 2080 

Summary of resilient species** or species with increase range*** or productivity  

Species  Opportunity Ecological niche/region Risks 

Pinus contorta ** Small change in productivity and 
suitability range** 

All regions except high elevations Red band needle blight disease 

Pinus sylvestris** Small change in productivity and 
suitability range** 

All regions except high elevations 
and poorly drained soils. Resilient to 
moisture deficit limitations in E, SE 

Red band needle blight disease 

Pinus nigra var maritima 
 

Small change in range ** and 
increase productivity (1-2YCs)*** 

All regions except high elevations 
and poorly drained soils. Resilient to 
moisture deficit limitations in E, SE 

Red band needle blight disease 

Pseudotsuga menziesii No change in range** or productivity 
*** 

All regions except high elevations 
and poorly drained soils. Resilient to 
moisture deficit limitations in E, SE 

Swiss needle cast disease 

** No change in suitable range, *** Increased productivity of (2 YC or more by 2080)  
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Pinus contorta (LP) 
 Base year to 2050 Base year to 2080 Notes 

Productivity 

 

  

Regional trends and influencing 
factors 
 Relaively resilient, but slight 

increase in productivity (1 YC) due 
to increased temepratures in 2050 

 Only unsuitable in areas with very 
high exposure (DAMS<18) or high 
elevations 

 No specific limiting factor 
responsible for the drop off in 
productivity (-1YC) by2080, but SMR 
may be one of the limiting factors  

 May need to reconsider provenance 
choice to more southern or inland 
seed sources 

Suitability 

 
 
YC Thresholds 
Unsuitable <10 
Suitable 10-12 
V.Suitable 14-16 

  

Extreme event risks or increased 
risk from known pests or diseases 
 Ramichloridium pini severity may 

increase as conditions get drier in 
summer and wetter in the winter. 

 Pine shoot moth in the midland 
may become a more serious 
problem 

 European pine sawfly and pine 
beauty moth damage is rare 
(Horgan et al., 2004) but may 
become more prevalent. 

 Reports of red band needle blight in 
the UK 
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Pinus sylvestris (SP) 
 Base year to 2050 Base year to 2080 Notes 

Productivity 

 

  

Regional trends and influencing 
factors 
 Wide suitablility range and relaively 

resilient within current suitable 
areas 

 Unsuitable in areas with high 
exposure at high elevations and 
very wet SMR 

 Trend of increasing decline in 
productivity on soils with wet SMR 
in parts of W and N. 

 Sustained good prodiutivity(YC>8) in 
S regions with dry well drained soils. 

 Tolerates miosture deficts better 
than Douglas fir or Sitka spruce 
(Tene, et al., 2011)  

Suitability 

 
 
YC Thresholds 
Unsuitable <4 
Suitable 4-8 
V.Suitable 9-12 

  

Extreme event risks or increased 
risk from known pests or diseases 
 Reports of red band needle blight in 

the UK 

 Pine shoot moth in the midland 
may become a more serious 
problem 
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Pinus nigra var maritima(CP) 
 Base year to 2050 Base year to 2080 Notes 

Productivity 

 

 
 

Regional trends and influencing 
factors 
 Productivity increasing (1-3 YCs) in 

S, E and SE due to warmer and 
drier condidtions (opposite to Sitka 
spruce). 

 Becoming less suitable in already 
unsuitable regions where there is 
higher winter rianfall and drianage 
impedance (e.g. N Kerry in 2080) 

 Does not tolerate heavy clays and 
soils subjected to drainage 
impedance 
 

 

Suitability 

 
 
YC Thresholds 
Unsuitable <8 
Suitable 8-12 
V.Suitable 13-18 

  

Extreme event risks or increased 
risk from known pests or diseases 
 Species susceptible to red band 

needle blight 

 Increased deployment of species, 
wetter winters and drier summer 
may increase severity of Red band 
needle blight infections 
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Pseudotsuga menziesii (DF) 
 Base year to 2050 Base year to 2080 Notes 

Productivity 

 

 
 

Regional trends and influencing 
factors 
 Suitablilty limited to well drianed 

soil. Does not tolerate alkaline soils 
or heaver-peat soils. 

 Relatively unchanged, but slight 
incresed productvity (1YC) due 
increase temperatures and drier 
soils in S and SE of country (opposite 
to Sitka spruce) 

 Unsuited to exposure, so still not 
suitable in W and S coastal areas 
where DAMS is high  

 Move to use of more inland 
provenances (current tend is to use 
coastal seedlots) 

Suitability 

 
 
YC Thresholds 
Unsuitable <12 
Suitable 12-15 
V.Suitable 16-20 

  

Extreme event risks or increased 
risk from known pests or diseases 
 Increased risk if Swiss needle cast 

disease 
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Larix decidua (EL) 
 Base year to 2050 Base year to 2080 Notes 

Productivity 

 

  

Regional trends and influencing 
factors 
 Does not tolerate soils that are too 

wet or too dry, so shows an 
increase in productivity in sites 
where soil moisture regime 
changes from wet to moderate 

 Incresed productvity also due 
increase temperatures in inland 
areas 

 Becoming less suitable in regions 
where there is higher winter 
rianfall and drianage impedance 
(e.g. N Kerry in 2080) 

 Resilient to climate change in S and 
E of country 

Suitability 

 
 
YC Thresholds 
Unsuitable <4 
Suitable 4-8 
V.Suitable 9-13 

  

Extreme event risks or increased 
risk from known pests or diseases 
 Prevalence of larch canker disease 

is a major limiting factor (Horgan 
et al., 2004) 

 Phytophthora ramorum outbreak 
currently limits use of the species 
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Larix kaempferi (JL) and L. x europelis (HL) 
 Base year to 2050 Base year to 2080 Notes 

Productivity 

 

  

Regional trends and influencing 
factors 
 Increasing productivity in sites 

where SMR imporves from very 
wet/wet to moist and where there 
is an increase in temperature 

 Decreased productivity (-4YCs) and 
suitablility in SEand E where 
moisture deficits exceed 110-
140mm, particularly by 2080.  

Suitability 

 
 
YC Thresholds 
Unsuitable <6 
Suitable 6-10 
V.Suitable >10 

  

Extreme event risks or increased 
risk from known pests or diseases 
 Phytophthora ramorum outbreak 

currently limits use of the species 

 Susceptible to Fomes and honey 
fungus 
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Abies grandis (GF) 
 Base year to 2050 Base year to 2080 Notes 

Productivity 

 

  

Regional trends and influencing 
factors 
 Best suited to sheltered sites with 

moderate moisture deficits, so 
shows an increase in productivity in 
sites where SMR changes from wet 
to moderatly dry (moisture deficit 
range 90-140mm) 

 Incresed productvity also due 
increase temperatures in midlands, 
where DAMS (exposure) is lower 

 Decline in productivity and 
unsuitable in SE by 2080 due to 
moisture deficits being too high 
 

Suitability 

 
 
YC Thresholds 
Unsuitable <12 
Suitable 12-16 
V.Suitable 16-23 

  

Extreme event risks or increased 
risk from known pests or diseases 
 No known issues, except poor 

timber quality (low wood density) 
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Abies procera (NF) 
 Base year to 2050 Base year to 2080 Notes 

Productivity 

 

  

Regional trends and influencing 
factors 
 Suitablity range limited in Ireland: 

Better suited to dry richer soils 
and can tolerate higher elevations 

 Shows increased productivity 
associated with higher 
temepratures, particuarly where 
richer soils are drying off due to 
increased moisture deficits 

 Productivity decreasing in soils 
with wetter soil moisture regimes, 
particualry in winter months 

 
 

Suitability 

 
 
YC Thresholds 
Unsuitable <12 
Suitable 12-16 
V.Suitable 16-22 

  

Extreme event risks or increased 
risk from known pests or diseases 
 May be limited to Christmas tree 

production and is now not the 
species of choice 
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Picea abies (NS) 
 Base year to 2050 Base year to 2080 Notes 

Productivity 

 

  

Regional trends and influencing 
factors 
 Increase in productivity in 

sheltered sites due to increased 
temperature(see low lying areas 
and non-coastal areas) 

 Deline in productivity in areas 
prone to moisture deficits > 
120mm, a drying soil moisture 
regime or where exposure is high 
in NW regions 
 

Suitability 

 
 
YC Thresholds 
Unsuitable <12 
Suitable 12-16 
V.Suitable 17-23 

  

Extreme event risks or increased 
risk from known pests or 
diseases 
 Top dieback associated with 

exposure or drying off of soils 
from pole stage onwards. This 
may increase in the future 
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Picea sitchensis (SS) 
 Base year to 2050 Base year to 2080 Notes 

Productivity 

 

  

Regional trends and influencing 
factors 
 Decrease in suitablility and producivity 

in SE due to increase moisture deficicts 

 Increase in productivity in W due to 
increased temperature 

 Increased suitablility for more southern  
provencnes of Sitka spruce (e.g. Oregon 
or Californian, Thompson, 2004). 

 Sitka spruce more sensitrive to 
moisture deficits than Douglas fir, Scots 
pine (Tene et al.,2011) Corsican pine  

 Earlier flushing and later dormancy may 
reduce lift and planting windows 

 

Suitability 

 
 
YC Thresholds 
Unsuitable <12 
Suitable 12-16 
V.Suitable 17-28 

  

Extreme event risks or increase risk 
from known pests or diseases 
 Known pests such as green spruce 

aphid (Day et al., 2004) and large pine 
weevil expected to increase in 
frequency and serverity of outbreaks 

 Increase in number of weevil emegence 
events (more that 2-3 cycles per year) 

 Wind throw risk expected to increase in 
the S, W and NW of the country (Black 
unpublished) 

 Increased lammas growth may increase 
early autumn frost damage 

 Stem cracking under dry conditions 
may reduce timber qualuty (Ray et al., 
2009) 
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Tsuja plicata (WRC) 
 Base year to 2050 Base year to 2080 Notes 

Productivity 

 

  

Regional trends and influencing 
factors 
 Limited by exposure and high 

elevations (High DAMS in S and W 
coastal regions) and blanket peats. 

 Shows increased productivity in 
sheltered low lying areas due to 
increase temperature 

 Productivity decreasing  and 
suitability in soils experiencing 
moisture deficits above 130mm in 
SE. 

 Increased exposure in N of country 
may result ina decilne in 
productivity of 1 to 2 YCs 
 

Suitability 

 
 
YC Thresholds 
Unsuitable <12 
Suitable 12-16 
V.Suitable 16-22 

  

Extreme event risks or increased 
risk from known pests or diseases 
 More suseptable to heart rot 

fungus than other conifers. 
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Tseuga heterophylla (WH) 
 Base year to 2050 Base year to 2080 Notes 

Productivity 

 

 
 

Regional trends and influencing 
factors 
 Like western red cedar unsuitable 

in areas with high exposure at 
high elevations and very wet SMR, 
but more resilient to soil moisture 
deficits (>140mm) 

 Trend of increasing decline in 
productivity on soils with higher 
DAMS and wet SMR in parts of W 
and N. 

  

Suitability 

 
 
YC Thresholds 
Unsuitable <10 
Suitable 10-15 
V.Suitable 16-18 

  

Extreme event risks or increased 
risk from known pests or 
diseases 
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