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Understanding Forest Productivity

Human activity has led to increased 
demand for forestry products such as 
timber and pulp. If a forest cannot grow 
fast enough to meet these demands, 
problems can arise in the consumer 
market. Climate change and biodiversity 
loss are also becoming increasingly 
serious issues, meaning that it is now 
more important than ever before to 
maximise woodland growth in actively 
managed forests.

‘Forest productivity’ is a feature of 
individual units in a forest, which are 
called ‘stands’. Forest productivity 
is commonly defined as the whole 
volume of wood in a stand. However, 
some researchers prefer to think of it 
as a yearly increase in a stand’s wood 
volume. These varying definitions 
of forest productivity can cause 
inconsistencies and misconceptions 
amongst forestry professionals.

Gaining a more consistent and deeper 
understanding of forest productivity 
would allow such professionals to 
identify ways to increase the growth of 
their forests. By doing so, they would 
be able to increase future timber 
production and foster sustainable forest 
management. Additionally, increasing 
forest productivity could also aid the 
fight against climate change, because 
as they grow, trees absorb and store 
atmospheric carbon dioxide – the 
primary driver of global climate change. 

Dr Chao Li and his colleagues at the 
Canadian Forest Service have been 
investigating the conditions needed to 
enhance the future growth of forests. 
Their work has resulted in an enhanced 
understanding of forest productivity and 
how to increase it, allowing foresters 
to meet consumer demands while also 
protecting the environment.

Thinning and Compensatory Growth

In a study published in 2018, Dr Li’s 
team investigated a forestry practice 
known as pre-commercial thinning, 
and explored whether this method, 
alongside fertiliser applications, can be 
used to enhance forest productivity. 

NEW APPROACHES FOR 
INCREASING WOODLAND 
GROWTH

Understanding the factors that affect woodland growth can help 
researchers to develop sustainable forest management practices. 
This will ensure that society’s needs for forest products such as 
timber and pulp can be met, while also increasing carbon capture 
and providing important ecosystem services. Previous studies 
attempting to determine methods for achieving enhanced growth 
are inconsistent, leading to misconceptions among researchers 
and forest managers. Dr Chao Li and his team at the Canadian 
Forest Service aim to solve this problem by showing that a 
phenomenon called ‘compensatory growth’ can increase overall 
forest growth in the long-term. Through providing an enhanced 
understanding of compensatory growth and the factors affecting 
it, the forestry industry will be better equipped to meet increasing 
market demands, while also protecting the environment for future 
generations.
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Pre-commercial thinning involves 
cutting down some younger trees as a 
forest grows. This is performed because 
trees within a forest start to compete 
for resources such as light, space and 
nutrients as they grow larger, resulting 
in some trees dying. By thinning the 
forest of its younger trees, the remaining 
trees can enjoy increased resources, 
allowing them to grow much more 
quickly. 

Although the individual remaining 
trees grow much faster after a thinning 
treatment, it was unclear how this 
practice affects the productivity of a 
forest stand as a whole. Dr Li explains 
that this gap in our knowledge is due to 
the slow growth of trees and the scarcity 
of long-term research trials, which 
has meant that studies evaluate the 
response of a forest for a relatively short 
period after thinning treatments.

‘To better support forest management 
decisions, we must fully evaluate 
whether pre-commercial thinning 
results in long-term advantages in forest 
growth relative to un-thinned sites,’ he 
says. ‘There are differing results in the 

literature, where inconsistent and even 
controversial results were obtained from 
different long-term thinning trials: some 
showed reduced forest productivity as a 
result of thinning, but others indicated 
increased forest productivity.’

To resolve this issue, Dr Li and his 
colleagues wished to find out whether 
the total volume of wood within a 
forest stand that had undergone 
pre-commercial thinning could match 
with – or even surpass – that of an un-
thinned stand. The team refers to this 
phenomenon as ‘compensatory growth’. 
If thinning does lead to compensatory 
growth, they also wanted to understand 
the conditions under which it would 
happen, and how long it would take 
under various scenarios. 

In their study, the researchers were 
able to reach beyond the usual short 
observation periods by revisiting a 
project that had been initiated by the 
Canadian Forest Service in the 1970s 
and is now cooperatively managed 
by BC Ministry of Forests, Lands, 
Natural Resource Operations and Rural 
Development. This initiative, called the 

Shawnigan Lake Project, focused on 
an area of 50 hectares, where Douglas-
fir trees had been planted in 1948. In 
the 1970s, researchers had divided the 
forest into different study treatments. 
They then performed heavy thinning 
in some plots, light thinning in others, 
and no thinning in the remaining plots. 
In each plot, they also either applied 
a small or large amount of nitrogen 
fertiliser, or no fertiliser. In this way, the 
researchers achieved nine different 
unique combinations of conditions in 
their study plots. 

Although the growth of trees in these 
plots had been measured in 2012, 
40 years after the Shawnigan Lake 
Project had begun, the data had not 
yet been fully analysed. Dr Li wished to 
explore these measurements in depth 
to uncover the best combination of 
conditions for achieving maximum 
forest productivity.

His team’s analysis showed that under 
the same fertilisation regime, there were 
no significant differences between the 
wood volumes of the plots that had 
been thinned compared to those that 
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had not. This means that although compensatory growth had 
allowed the thinned plots to catch up with the un-thinned 
plots, their wood volumes had not significantly surpassed those 
of the un-thinned plots. 

However, adding fertiliser did seem to make a significant 
difference. Dr Li’s team found that the greatest increases in 
wood volume had occurred in the plots that had been given 
a large application of fertiliser 40 years prior. This was closely 
followed by the plots where a small amount of fertiliser had 
been applied. 

In fact, the plots that had been given a large application of 
fertiliser alongside light thinning treatments had the largest 
wood volume. The team was also able to demonstrate that 
thinning leads to the remaining trees growing much thicker 
trunks over the study period. Such trees are far more valuable 
in terms of timber production than trees with slender trunks. 
Therefore, Dr Li recommends that light pre-commercial 
thinning is a good option when combined with the use of 
fertiliser. ‘The combination of pre-commercial and fertilisation 
treatments may represent untapped opportunities for 
enhancing wood fibre supply in managed forests,’ he says.

By investigating results collected on this experiment site 
in the 1990s, Dr Li and his colleagues found that complete 
compensatory growth had occurred in most of the thinned 
plots within 24 years. 

Modelling Compensatory Growth 

‘With all else being equal, such as weather, pests, disease, 
wildfires and even human pollution, pre-commercial thinning 
and fertilisation represents an opportunity to enhance timber 
supply,’ says Dr Li. ‘Since fertilisation was treated as a surrogate 

of site quality, the compensatory growth could be expected to 
speed up with improved site quality.’

In a more recent paper, Dr Li and his colleagues glean insights 
from hundreds of forestry studies, including those from the 
Shawnigan Lake Project, to gain a more complete picture 
of compensatory growth and its impact on overall forest 
productivity. By investigating the mechanisms that give rise 
to compensatory growth following a disturbance, such as 
thinning, they provide forestry professionals with a conceptual 
framework of this phenomenon, ways to predict it, and its 
relationship with forest productivity over time. 

In this paper, the team also propose the development of a 
new model that can be used to identify the best conditions 
to maximize productivity, through the lens of compensatory 
growth. Such a model would include pre-commercial thinning 
and other factors that stimulate compensatory growth to 
predict the growth of surviving trees in a stand. 

‘Our unified conceptual framework can thus serve as a 
foundation of developing predictive models of compensatory 
growth, for taking full advantage of it – as long as we can 
identify the conditions under which forest productivity could be 
enhanced,’ explains Dr Li.

‘The benefits of this new modelling approach is that it 
provides a powerful framework for evaluating how widespread 
compensatory growth is among species and forested 
ecosystems,’ he continues. ‘The flexible modelling framework 
allows for inputting species-specific data or inputs to quantify 
growth responses to various thinning regimes.’

The Work Continues

In their current project, Dr Li and his colleagues are working 
to further develop this model for predicting growth and yield, 
based on their conceptual framework of compensatory growth, 
to understand and predict forest dynamics of stands with 
different tree species at various geographic locations.

‘The direct applications of the model include the determination 
of optimal spacing in plantation programs, and optimal partial 
harvest operations leading to maximised management goals,’ 
says Dr Li.

In the future, Dr Li hopes that other researchers and forestry 
professionals can benefit from his model to determine the best 
approaches to leverage compensatory growth in their actively 
managed forests. If compensatory growth can be managed 
effectively, foresters will be able to enhance woodland growth, 
timber production, and carbon sequestration. This will help 
the forestry industry to meet increasing market needs, and 
may enable improved environmental performance in actively 
managed forests.
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