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In seeking to identify challenges for forest research, we take an over-the-horizon view. The obvious
context for such a view is the current state of the world’s forests, especially in relation to their
management and conservation (in the broadest sense of the word). Three contextual factors stand
out: (1) Changes in area and status (as determined by legislation and policy) of native forests.
(2) Population growth and urbanization (and implications for use of energy and materials and
competition with food production). (3) Changes in area and productivity of industrial plantations.
For the first of these, we note that in 2015, forests covered 4 billion hectares of the globe (FAO,
2016). National policies and legislation designed to protect forest values (e.g., often described as
Sustainable Forest Management—SFM) covered 70% of this area in 2010 and 99% in 2015. Best
practice SFM (by some definitions) is now applied to ∼1.1 billion hectares (see also MacDicken
et al., 2015). The area under international certification schemes for SFM increased 30-fold from
14 million hectares in 2000 to 438 million hectares in 2014. Conservation of biodiversity is now
the primary goal of 16% of the world’s forested lands and 27% of tropical forests (See Figure 1).
Nonetheless, the world is still losing forest area—largely to clearing for food production - though
at a much slower rate compared to, say, 1990–2000 (FAO, 2016). Poor tropical countries provide
by far the greatest proportion of the net loss of natural forests (Sloan and Sayer, 2015).
The second significant context is the predicted rise in the global population from ∼7.5
billion to more than 9.5 billion people by 2050 (United Nations, 2014). This alone will generate
unprecedented pressure on goods and services provided by forests. It will also compound the issues
associated with loss of native forests as a result of conversion to agricultural land in the tropics,
mostly in Africa, South America and subtropical Asia (FAO JRC, 2012). Recognition has been slow
of the compounding effects on forests of population growth and resultant demand for wood, water,
carbon sequestration etc., and has come largely in the form of national and international policies
and programs designed to reduce losses of native forests (FAO, 2016).
Less well recognized is the trend of urbanization. Today, urban areas occupy <5% of the
terrestrial surface, but by 2030 this area will have doubled (Fragkias et al., 2013). Globally, economic
development is bringing continued and even accelerating urbanization, accompanied by declining
rural populations (Figure 2; United Nations, 2014). Unarguably, the Anthropocene is also “the age
of the city” (sensu Scheuer et al., 2016), with 4 billion people living in metropolitan areas in 2014,
and as many as 6.5 billion will do so by 2050.
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(excluding, perhaps, the negative impacts of wildfires). So
profound is the urbanization effect that the “concept, vision,
values and utility of forests and the countryside today are largely
defined by people living and working in cities” (Westin et al.,
2017). It is not surprising that regions with greatest rates of
net loss of forest are those that also have the fastest rates of
urbanization (Scheuer et al., 2016).
The last of our three notable contexts is (area and productivity
of) industrial plantations. Wood supply from plantations now
meets around one third of global demand for wood and wood
products. The balance comes from native forests. However, on
present indications, plantations will not meet future demand
(Figure 3, INDUFOR, 2012) unless there are continued efforts to
increase their area and productivity. While the area of plantations
of both softwood and hardwood species increased by 50%
between 1990 and 2015 (Payn et al., 2015), sustaining such a
rate of increase will present a major challenge given competing
demand for land for food production. It is telling that forest
industry and anti-logging activists are agreed that the rising
demand for wood and fiber is the key driver of conflicts over the
future of native forests.

FIGURE 1 | Development of protected forest area in different climate domains.
Data from Global Forest Resources Assessment (FAO, 2015).

GRAND CHALLENGE(S)
The described contextual setting—including embedded urban
concerns about forest conservation and the relationship of forests
to the “state” of the atmosphere (e.g., Mahli and Phillips, 2004)—
is a potent reminder that the Anthropocene is well and truly
upon us. When the direct and indirect effects on forests of
population growth and urbanization are added to the respective
direct and indirect effects of rising atmospheric [CO2 ], there
is a rich field of research needs and opportunities. In the
following sections, a few are given some prominence. That is
not to say that other needs and opportunities aren’t worthy of
being highlighted (for example, ensuring the sustainable growth
and regrowth of native forests globally might be one obvious
choice; another would be the effects of changes in the chemical
composition of the atmosphere, and of changes in climate, on
forests). Nonetheless, we have selected three fields that we believe
are ready for significant advances in scientific knowledge and
understanding to underpin future policies and practices. We also
believe these are fields where research offers solutions, rather than
just highlighting problems, and will thus draw public support and
help raise the profile of forest science.

FIGURE 2 | Observed and predicted development of global population from
1970 to 2050, separated in rural and urban clusters. Redrawn from United
Nations (2014).

The extraordinary change in “where people live,” has followed
rapid improvements in efficiency of primary production, such
that far fewer people are now required per unit production in
well-developed countries. In Australia for example, by 2011 there
were 40% less farmers than there had been just 30 years earlier.
Employment in wood and wood products sector fell from around
85,000 jobs to 64,000 jobs between 2006 and 2016 (Australian
Bureau of Statistics). This is a pattern throughout the developed
world—declining proportions of populations are involved in
primary production.
The sheer scale of urbanization is resulting in direct losses of
biodiversity, spread of invasive flora and fauna, and displacement
of agriculture (see von der Lippe et al., 2005; Gibson et al., 2011;
Newbold et al., 2014). Urbanisation also leads, indirectly, to poor
understanding of forests through lack of first-hand experience
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Production From Planted Forests
While it may seem somewhat “twentieth century,” there is a
very real and significant challenge to maintain and increase
yield from planted forests. As described above, in addition to
trying to slow rising demand for wood and wood products, the
world needs to produce more from areas devoted to planted
forests in order to reduce pressure on native forests. A good
example of the issue—and of recent research designed to help
meet demand—is contained in Binkley et al (2017). Issues such
as the sustainability of nutrient supplies for second and third and
fourth generation plantations, and matching sites to species (the
familiar G x E interaction), will be front and center. These issues
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However population growth, urbanization and changing climates
have since swamped efforts to increase mitigation, and favored
crisis management. “Urbanization” is also reflected in ample
funding for short-term, “crisis” research. When more people
understood forests it was an easier task to argue to funding for
long-term solutions.
A major challenge for forest fire research will be to develop
better knowledge of wildfire mitigation. Already, costs (and
losses) of wildfires are so great as to make puny by comparison,
investments in mitigation. Using the USA as an example, by
2017 the direct costs of suppression of forest fires had reached
almost $3B annually (National Interagency Fire Centre, 2018).
That figure dwarfs the annual expenditure on mitigation actions
like fuel management. More telling is “total cost + loss” analysis,
as conducted by the US Department of Commerce (Thomas
et al., 2017). They estimated total annual costs (i.e. including
indirect costs of wildfire suppression) were in the range $8 Billion
to $63B. Staggeringly, the losses (direct and indirect) due to
wildfire were in the range $64B–$285B. While the USA may be
an extreme example of economic development and urbanization,
nearly every country with forests is struggling with these same
issue(s). Total cost + loss assessments would be stark for dozens
of countries with far less economic capacity than the USA, and at
least equally bad “fire problems.”
To further place these extraordinary numbers in a worthwhile
context, it is worth noting that in 2016, expenditure on research
into wildland fire management by the US Forest Service was just
$20 Million! Order-of-magnitude increases in R&D spending are
now critically needed worldwide. Without such a step increase,
regional and national economies are going to suffer more than
they already do.

FIGURE 3 | Global supply (bars) and demand (lines) of roundwood (Data from
INDUFOR, 2012). Currently (2015), roundwood supply from planted forests
meets around one third of global industrial demand. On the supply side, none
of the modeled scenarios (SC 1–SC 3) predict plantations can provide more
than 1 billion m3 by 2030. On the demand side, all three modeled scenarios
(SC 1–SC 3) predict that rising populations and urbanization will create
demand of between 1.5 and 4.5 billion m3 by 2030. The worst case scenario
is thus that there will be a rapidly increasing pressure to meet demand by
cutting native forests.

Water

will be greatest for old soils in tropical and sub-tropical climates,
and for plantations on sandy soils. Competing uses of land—
competition between food and fiber—will be a significant part of
the challenge. Historically, food production has displaced native
forests, and planted forests are typically confined to poorer sites
than are used for agriculture. National and international policies
will be needed to limit pressure on native forests, if that historic
pattern continues. Research into plantation productivity will be a
significant aspect of such policy interventions.

Drought responses of forests have been a strong trend in
forest research literature in the past decade. Led by concerns
about forest growth and productivity and carbon storage
being affected by changing climates in tropical regions (e.g.,
Gatti et al., 2014; Doughty et al., 2015), the issues of water
yield for forest-dominated landscapes are only beginning to
play out. These issues are significant worldwide, including
areas such as Europe (e.g., Ellison et al., 2012, 2017) where
water yield from forests has long been a given. Recent
research has highlighted the role of forests on both the supply
and demand side of hydrologic budgets. Water shortages
for urban populations (e.g., the 2018 water crisis at Cape
Town, South Africa) have drawn a spotlight to this issue
in some water-limited countries (e.g., Bennett and Kruger,
2015).
At the organismal scale, the role of plants in transferring
water from the soil to the atmosphere has fascinated scientists
for hundreds of years. Perhaps most famously described for trees
by Leonardo da Vinci more than 500 years ago (see Minamino
and Tateno, 2014), the role of structure in water transport—
one of the most important of all tree functions—remains a
research field that engages hundreds of forest scientists (see
Pfautsch, 2016; Landsberg et al., 2017; Venturas et al., 2017,
for just three examples of many recent reviews and updates).

Fire
Fires and forests are virtually synonymous. From the wet tropics
to the boreal north, fire is a ubiquitous part of forests. Now, owing
to their human impacts, wildfires in the boreal forests (e.g., Kelly
et al., 2013), in tropical forests (e.g., Aragão et al, 2018), and
everywhere in between, are drawing public attention owing to
their frequency and severity. Recent increases in fire frequency
and severity are forcing significant re-thinking of the roles of
episodic events in global carbon budgets. As has been noted (see
Adams, 2013; Williams, 2013), poorly based policies and practices
throughout the world led to unprecedented increases in fuel loads
over the post-war period, with the problem escalating rapidly
during the latter parts of the twentieth century and early twenty
first century. Policies and practices in some countries were more
alert to the issue from the end of WWII till the 1980s, at least.
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predictive power for the many forest-provided, yet humancritical products, processes and services, is a challenge worthy of
the twenty first century.

As long-lived organisms, the major structural parts of trees
change only slowly over years to decades, while other parts—
leaves, twigs and fine roots—can vary enormously as trees
grow and age, and also much more quickly reflect changes in
the environment. Establishing the role of trees in hydrological
cycles involves measurements that now span spatial scales over
at least ten orders of magnitude, and over a similar range in
temporal scales. The subject of trees and water will continue to
be a dominant research theme, with an acute challenge being
incorporating new knowledge at the cellular and molecular
scales into stand- and catchment-scale understandings and
models.
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