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Even if we could perfectly predict the details of future climate change, there would still be uncertainty about 
how forests will respond, including questions related to: 

Insects & Disease – The interaction of changing climate with insects and diseases (native and invasive) 
is likely to be one of the most immediate climate-related impacts. While these pests are better 
understood than many of the following topics, there is still considerable uncertainty about life-cycles 
and population dynamics in new conditions.  
 

Warmer Temperatures – Increasing average temperatures and a longer growing season will provide an 
opportunity for increased forest productivity, especially in northern latitudes. Although, regions with 
increasing seasonal water stress may see fewer productivity gains than wetter areas.     

 

CO2 Fertilization – Higher ambient CO2 can increased plant growth rates. The magnitude of additional carbon 
storage, and whether growth response will be offset by losses due to other climate factors, is 
uncertain. There is likely to be little if any increase on poor sites where other nutrients are limiting.   
 

CO2 & Water-use Efficiency – Higher CO2 levels can increase water-use efficiency in plants (the ratio of  
water loss to carbon gain). This effect varies from one species to the next, so the net gains (globally) 
are still uncertain.  
 

Epigenetics – Research shows that genes can sometimes be turned “on” or “off” by environmental  
factors and those changes can be inherited by offspring. This may be a mechanism for tree species 
adaptation – for example, a parent plant exposed to drought can produce more drought-tolerant 
seedlings. The role of epigenetics in adaption is very uncertain and is just beginning to be researched.   
 

Ecological Niches – Most tree species can survive in a much wider range of climate conditions than  
where they currently grow, since they are limited by other factors and inter-species competition. 
However, many of our assumptions about future changes in climate suitability are based on a species’ 
current range (its realized niche) rather than that complete range of conditions (its fundamental or 
tolerance niches), lending uncertainty to habitat shift projections.   
 

Plant Physiology – Knowing the underlying physiology of an individual tree species is critical for  
determining how it might respond to changes in climate. We only have detailed knowledge about these 
characteristics in a limited number of model species used in research and some of the more valuable 
timber species.   
 

Coping with Uncertainty  

Forestry has always required consideration of the future – whether that is anticipating future market 
demand, timber prices, insect threats, or new invasive species. In the past, however, we could assume that 
average climate conditions would be the same throughout the life of an individual tree. We now understand 
that that assumption may not hold, particularly in regions with a long rotation age. This uncertainty may 
change our ability to achieve desired stand conditions in the future. 

Forest management decisions are influenced by our assumptions about how well we can predict 
future conditions and our ability to “design” forests well-suited for those conditions – this is particularly 
relevant in the context of climate change. Management decisions fall along a continuum from the completely 
deterministic approach (assuming we can perfectly predict future conditions and develop forests well-suited 
for those conditions) to a purely indeterministic approach (assuming the future is highly uncertain and forests 
with a high degree of species, age-class, and structural diversity have the greatest capacity to buffer change). 
These strategies are not mutually exclusive and forest managers will likely use some of each approach. 
Ultimately, the ability and desire to implement an approach toward one or the other end of the spectrum will 
depend on management objectives, risk tolerance, and planning horizon.  
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