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The logging of tropical forests for global trade  
in wood products, such as paper, furniture, and  
construction materials, causes major forest  
damage and sometimes even loss. In this report  
we explore how future demand for wood products 
may worsen, or improve, the situation. 

[ executive summary ]

© iStockphoto/Global-Pics

Our analysis indicates that there are two possible futures:  
one in which demand for wood products is met in a sustainable 
way through the careful use of forest plantations; and another 
in which business as usual for wood and paper production 
continues to degrade and destroy tropical forests.

The various wood products we use in our everyday  
lives come from many different types of forests. Each of them, 
whether they are industrial plantations or logged natural for-
ests, can have adverse environmental impacts and therefore 
may threaten tropical ecosystems. Unsustainable industrial 
plantations ultimately can cause deforestation and deplete 
soil and water resources. Poorly managed logging of natural 
forests degrades the respective ecosystems and leaves them 
susceptible to further damage.

Results from our use of the Global Forest Products Model 
predict demand for different types of wood products through 
2060. Regarding products such as construction timber, plywood, 
and furniture, for example, demand will increase (compared 
with 2010 consumption) through 2060. And paper products 
such as newsprint, tissues, cardboard, and writing paper  
will see even larger growth in demand. These projections  
indicate that forest management decisions to meet such rising 
demands could have a profound impact on tropical forests. 
The analysis suggests that, without protections, tropical  
forests will become increasingly susceptible to destructive 

logging and clearing. However, we show that properly  
managed plantations could meet projected future wood- 
product needs while also ensuring forest conservation.

The good news is that there are alternative approaches  
to unsustainable plantations and destructive logging. Fast-
growing wood plantations located on degraded land where 
there are plenty of nutrients and water, could meet an increas-
ing proportion of the world’s demand for wood products, espe-
cially paper. Mixed-species plantations in particular could  
satisfy such demand while also providing additional  
environmental services. 

Thus we recommend that forest management choices  
be made to minimize logging in natural forests. Instead,  
plantations following strict best-management practices could 
increasingly be used to meet future wood-product demand.

Poorly managed logging  
of natural forests degrades 
the respective ecosystems 
and leaves them susceptible 
to further damage.
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Demand on Forests

[ chapter 1 ]

Tropical deforestation entails a total, and obvious, process:  
majestic forests are completely cut down and replaced by 
farms or cattle pasture. But another, less visible form of  
damage is also plaguing the world’s tropical forests. It is  
forest degradation, by which some, but not all, of the trees  
are removed, usually from logging. Although some trees  
are left standing, and the totality still looks like a forest,  
the destruction of just a small proportion of its trees can  
impair the forest ecosystem. 

such as palm oil and beef (Boucher et al. 2010). Meanwhile, 
3.4 billion cubic meters (m3) of wood were harvested globally 
from forests in 2010 for two main purposes—fuelwood and 
sawnwood—divided about evenly. Our analysis indicates 
that the half of global wood use for fuel is likely to decrease 
in the future, and because most fuelwood is used within the 

In the five-year period between 2000 and 2005 alone,  
20 percent of the tropics were undergoing degradation (Asner 
et al. 2009). In the logging of natural forests, degradation  
occurs because for each tree logged, typically another 10 to  
20 are left in the forest but have been harmed from being hit 
by felled logs, damaged by equipment, or dragged down if 
long vines connect them to logged trees (Putz et al. 2008). 
Practices exist that reduce such collateral damage, but of the 
814 million hectares (ha) of managed tropical forests (an area 
bigger than all of Australia), these approaches are used, on 
average, in only 5 percent of the forest (Putz et al. 2008).

In 2010, 13 million ha of tropical forests were cut down 
(FAO 2011), but despite a large demand for wood products 
this decimation occurred mostly to cultivate commodities 

Nearly 3.4 billion cubic 
meters of wood were 
harvested globally from 
forests in 2010.

When concrete is poured for building foundations, workers use plywood  
or particleboard as a form and then discard it once the cement has hardened.

©
 iStockphoto/ghornephoto
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Primary Product Uses

Sawnwood (including 
planks, beams, lumber, 
and rafters)

Furniture 
Home and industrial construction

Panels (including 
plywood, veneer 
sheets, particleboard, 
and fiberboard)

Home and industrial construction 
Manufacture of items such as  
    furniture and cabinetry

Pulpwood Printing and writing paper 
Paperboard and cardboard 
Newsprint 
Tissues, sanitary paper, diapers

Biomass Energy 

table 1. The Daily Uses of Various Wood Products

country where it is logged it is not a globally traded wood 
commodity. Therefore this report will focus on sawnwood, 
panels, and pulpwood—the woods we use in our daily lives to 
build houses, make paper, and package our orders, say, from 
Amazon.com (WWF 2012). Because this total volume, enough 
to fill 1.3 million Olympic-size swimming pools, is expected 
to grow in the coming years (WWF 2012), it is important to 
understand how the increased demand could worsen forest 
degradation. 

This report combines economic modeling and ecological 
theory to evaluate how future wood demand will grow 
through 2060, and how that growth could affect tropical  
forests.

Major Uses of Wood

Wood is a ubiquitous part of everyday life (Table 1), manifested 
in products such as the cabinet from which we take our cereal 
bowl in the morning, the desk we use at work, and the book 
we read on the commute to and from the office.

There are also many other uses of wood that are more  
or less unnoticed in our routines. Most of us do not see the 
timbers holding up our houses, and we rarely envision the 

Wood is used “behind the scenes” in items such as wooden pallets, which carry cardboard containers full of consumer products.

enormous amount of plywood or particleboard used when  
the concrete for the foundation of our office buildings was 
poured. We do not always consider the process of turning a 
tree into the cardboard used to package our retail purchases 
or the wooden pallets that carry the shipment of those  
products across the world and onto a forklift in a warehouse.
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Different species of trees are identified with different 
kinds of wood products. There are two main reasons for this, 
the first being a technical one—the inherent characteristics  
of a species that make the wood appropriate for particular 
uses. Traits such as strength, rot resistance, and fiber length 
all can affect which species is selected to make a certain wood 
product. For example, a species that is rot-resistant is more 
useful for telephone poles because they are going to be  
exposed to the elements. The characteristic of the wood’s  
fiber length is more important for making paper.

The second reason for selecting different species for  
diverse wood products is cultural—we expect certain looks of 
the wood we use. For example, there are cultural associations 
with a mahogany desk—even if few of us have ever sat at one.

Engineering innovations are constantly breaking down 
barriers to the technical specifications of different products. 
Today, improvements in log handling, sawing techniques, and 
drying technology are changing the mix of species that can be 
used. Increasingly, species that were historically used to make 
paper (a lower-value product) are being grown in such a way 
that they can compete with hardwood species for higher-value 
products such as furniture and construction (Flynn 2003).  
On top of this, marketing campaigns—which may, for  
example, identify for consumers certain species as lower- 
cost alternatives to high-end wood products for home  
décor—are shifting market demand patterns (Flynn 2003).

Figure 1 depicts the global production of the major  
wood products in 2012 that were most commonly traded  
internationally (which means, for the purposes of this report, 
the exclusion of fuelwood). In solid wood products, the  
volumes were highest for sawnwood and various types of 
panels. Because wood is critical to erecting buildings—for  
the frames of homes and for concrete forms—construction 
has historically been the main economic factor driving  
global wood consumption and prices (FAO 2012). Note that 
although the largest global use of wood is for pulp and paper, 
these lower-value products also have lower impacts on prices.

Increases in demand for each of these products in the 
future will affect how forests around the world are used. 
First, however, it is important for decision makers to under-
stand the major types of forest management, how they impact 
tropical forests, and which types of products each of them  
is used to make.

Figure 1. Global Production of Major Wood Products in 2012

In 2012 the global production of solid-wood and pulpwood products exceeded 1.9 million cubic meters. 
This is an increase over years past, and production is expected to continue increasing in the future.
Note: These data exclude fuelwood production.

Source: Fao 2014.
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products—i.e., grown in a way that protects the social and  
environmental services provided by the forest (beyond the 
supply of wood). However, without appropriate safeguards, 
some of these management approaches could threaten  
existing natural forests. The discussions that comprise the 
remainder of this section offer insights into which approaches 
may cause forest degradation, or even deforestation, if not 
correctly implemented.

Different Forests Make Different Products

[ chapter 2 ]

In forestry, certain wood types, species, and forest manage-
ment approaches (Box 1, p. 6) are used in growing the wood 
for products traded globally. To assess how future demands 
for different products could affect the world’s tropical forests, 
it is especially important to know which approach is used in 
each case (Table 2). 

Each of these forest management approaches can, if  
well implemented, be part of a sustainable supply of wood 

table 2. Forest Management Types Associated with Various Wood Products

Source: Fao 2014.

Primary Product Forest Management Approach Source Countries

Sawlogs and Sawnwood Intermediate- and long-rotation plantations Canada, Chile, Finland, India, Sweden, U.S.A. 

Natural forests Brazil, Canada, Indonesia, Malaysia, Russia, U.S.A.

Panels Fast wood plantations Brazil

Intermediate-rotation plantations Canada, Chile, New Zealand, U.S.A.

Veneer and Plywood Fast wood plantations Brazil, China 

Intermediate-rotation plantations Canada, U.S.A.

Natural forests Brazil, Canada, Indonesia, Malaysia, U.S.A.

Pulpwood Fast wood plantations Brazil, Chile, China, India, Indonesia, South Africa

Intermediate-rotation plantations Canada, Japan, Sweden, U.S.A.

Natural forests Canada, China, Finland, India, Indonesia, Russia 

Biomass Fast wood plantations Brazil, China, India

Intermediate-rotation plantations Canada, U.S.A. 

Natural forests Dem. Rep. of Congo, Ethiopia, Nigeria, Tanzania
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Natural Forests 

Natural forests are not replanted after they are logged. Instead, 
individual trees are harvested and then forest managers depend 
on the regeneration that occurs as the remaining trees in the 
forest produce seeds or as stumps resprout. Generally, natural 
forests are logged for higher-value hardwood species used in 
products such as sawnwood or veneer (in the Americas), but 
these forests are sometimes cut for pulpwood (in parts of Eastern 
Europe and Asia). It is important to distinguish between pris-
tine natural forests that have not been previously logged (known 
as primary forests) and natural forests that have been sustainably 
producing wood for many years (known as managed secondary 
forests). Trees’ growth rates in natural forests vary globally, 
but they generally range from 1 to 5 m3 per ha per year—though 
in some cases they are as high as 10 m3 per ha per year.

box 1.

Forest Management Approaches
FAST wooD MonoCulTure PlAnTATionS

The trees in these plantations grow at a rapid rate—15 to 60 m3 
per ha per year—and have a rotation length of less than 20 
years. Almost all of these species are exotic trees transplanted 
from their native range and have been improved through tree 
breeding programs. The wood from these plantations is used 
mostly for pulp and paper, wood fiber panels, and industrial 
fuel (including charcoal), but in some cases it can also be  
used for sawnwood.

inTerMeDiATe-roTATion PlAnTATionS

These plantations have growth rates of 10 to 20 m3 per ha per 
year and rotations of 20 to 35 years, and the wood is normally 
used for sawnwood.

lonG-roTATion PlAnTATionS

These plantations have growth rates of 5 to 10 m3 per ha per 
year and rotation lengths of more than 35 years, and the wood 
is normally used for sawnwood.

Nonindustrial Production Plantations

These plantations produce wood for nonindustrial uses  
(fuel or other domestic applications), and because they tend 
not to be traded on the international market, they will not  
be discussed in this report.

Conservation Plantations

These are plantations grown for environmental outcomes such 
as slope stabilization, regreening, and reduction of soil erosion. 
They are not meant for wood production, and thus will not be 
discussed in this report.

Tree Crop Plantations

Some plantations are planted for tree crops, including cocoa, 
coconut, coffee, palm oil, and rubber. In these cases the trees 
are used not for their wood. Although these plantations can 
have large environmental impacts, they will not be discussed 
in this report, which focuses on wood products.

Natural forests are 
generally logged for 
higher-value hardwoods 
used in products such  
as sawnwood or veneer  
in the Americas.

Production Plantations 

Plantations are areas in which humans have replanted trees 
after the area has been cleared. Production plantations are 
established with the intention of harvesting another rotation 
(as opposed to conservation plantations, which are not 
intended for further wood production). For the purposes of 
this report, if a natural forest has been cleared and replaced 
with a production plantation, we consider the area deforested. 

Industrial Production Plantations

Inserting the term “industrial” simply means the plantation’s 
wood is used for industrial purposes, regardless of the kind of 
management involved. It is more useful, when evaluating the 
impacts on forests in the tropics, to differentiate between three 
types of industrial plantations, among which the management 
approach, species grown, and end product vary:
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Fast Wood Monocultures

Expanding urban populations in developing countries are 
expected to drive an increase in demand for the kinds of 
wood grown in fast wood plantations. Globally, consumption 
of paper, charcoal, and wood-based panels—products that are 
often supplied from these plantations—is increasing faster 
than other wood products (Cossalter and Pye-Smith 2003). 
Therefore many fast wood plantations are being established 
with the expectation of continued growth in demand for the 
types of products they produce (ABRAF 2012). Currently, 
these plantations are expanding by about 0.8 million to  
1.2 million ha, or about twice the size of Delaware, each  
year, a rate that is expected to continue over the next few  
decades (Cossalter and Pye-Smith 2003).

Globally, eucalyptus species are by far the most often 
used in these plantations, especially in Brazil, India, and 
South Africa (Cossalter and Pye-Smith 2003). Brazil is  

the largest grower of fast wood eucalyptus, of which 71 per-
cent is allocated to pulp and paper, 18 percent to charcoal for 
steel production, and 7 percent to wood-based panels 
(ABRAF 2012). 

The most common fast wood species used in Asia is acacia 
(typically, Acacia mangium), which is grown in China, India, 
Indonesia, Malaysia, Thailand, and Vietnam. There have been 
some attempts to use acacia in the high-value wood market, 
but those plantations—especially in Indonesia—are subject  
to diseases that make it difficult to grow the trees for long 
enough to turn them into saw logs (Potter, Rimbawanto, and 
Beadle 2006). Some fast wood plantations have also been es-
tablished with pine in tropical and subtropical Venezuela 
(mostly Pinus caribaea var. hondurensis) and in Swaziland 
(mostly P. patula and P. elliottii) (Cossalter and Pye-Smith 
2003). Fast wood pine species are also grown in Argentina, 
southern Brazil, Chile, Colombia, South Africa, and  
Uruguay (Cubbage et al. 2010).

A research team examines an acacia plantation in Vietnam. In other parts of Southeast Asia as well, tropical forests are being cut down and replaced with acacia 
plantations.
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The warm and wet tropics, where trees can grow virtually 
year-round, are an important region for fast wood monocul-
tures. Further, it is often cheaper to operate in these regions’ 
countries, though the level of investment risk associated with 
operating there is high (Cossalter and Pye-Smith 2003). There 
also are a few fast wood plantations in the warmer, frost- 
free temperate regions, including eucalyptus in Argentina, 
Australia, Chile, China, Portugal, South Africa, Spain, and 
Uruguay; and poplar in China.

lAnD uSe iMPACTS

In Brazil, fast wood monoculture plantations of eucalyptus 
(Myrtacea Eucalyptus) are usually grown on former pastures 

(Brancalion 2014; Piotto 2013). This approach tends to be  
the most economical for establishing these plantations, as the 
land is already cleared of competing vegetation (Cossalter 
and Pye-Smith 2003).

The cases of fast wood plantations causing deforestation 
directly (i.e., the deliberate clearing of an area of natural  
forest to plant fast wood plantations in its place) appear  
to be limited mostly to Southeast Asia, and to Indonesia in 
particular (Uryu et al. 2010; Cossalter and Pye-Smith 2003). 
Even in Indonesia, forest plantations were historically  
considered a less important driver of deforestation than  
plantations for oil palm and other crops (Cossalter and Pye-
Smith 2003), but there is reason for continued concern and 
recent evidence that this is changing. 

In Brazil, eucalyptus plantations are usually grown  
on former pastures. This approach tends to be the 
most economical for establishing these plantations,  
as the land is alrady cleared of competing vegetation.

Eucalyptus, a fast-growing species, growing in a monoculture plantation in Australia.
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Actually, clearing forests and replacing them with fast 
wood plantations for pulp and paper accounted for more  
deforestation between 2000 and 2010 in Indonesia than  
did oil palm plantations and coal mining (Abood et al. 2014). 
Establishment of plantations in areas cleared of natural for-
ests in the early 2000s was significant enough that it caused 
the industry backlash against the requirement of the Forest 
Stewardship Council—one of the world’s leading organiza-
tions certifying sustainability of wood—that plantations  
not be established on any land cleared after 1994 (Indonesia 
Pulp and Paper Association 2004).1 

Further, the Indonesian government’s 2006 plan to  
significantly increase the country’s area of plantations could 
continue to threaten natural forests (Barr 2007). In a 2010 
study evaluating forest loss in Sumatra, Indonesia’s largest 
island, the authors noted that, even more than palm oil, “in-
dustrial timber plantations are the top threat to Sumatra’s 
natural forests” (Uryu et al. 2010). The climate change impli-
cations are particularly dire because many acacia plantations 
in Sumatra are, or will be, planted on soils with high carbon 
content (peat)—which will continue to emit global warming 
emissions for decades. Once the soils have decomposed 
(which is what causes the emissions) the plantations would 
need to be abandoned because the area will be flooded by 
groundwater. For example, after clearing a natural forest 
growing on 4.4 meter-deep peatlands, an acacia plantation 
would only achieve about five rotations—although some  
peatlands have deeper soils and therefore would likely take 
longer to flood (Uryu et al. 2010). Of the permits for fast  
wood plantation establishment in Indonesia between 2000 
and 2010, about 26 percent have been located on areas  
with peat soils (Abood et al. 2014).

Beyond the impacts on forests, the other environmental 
impacts of fast wood plantations are difficult to generalize 
because they are so site-specific. Moreover, many of these 
plantations are still in the early stages of learning how to 
practice sustainable management (Hardiyanto, Anshori, and 
Sulistyono 2004). Previous land use can affect the kinds of 
forests that are best grown in an area. For example, on land 

with intensive previous land use such as long-term pasture, 
non-native monoculture plantations, which usually can use 
seedlings selected for their growth properties, grow better 
than native species or secondary forests (Bonner, Schmidt, 
and Shoo 2013; Arias et al. 2011). Using fast-growing species 
can actually help improve the site enough to reestablish  
native forest (Cossalter and Pye-Smith 2003). However,   
this approach may not be necessary where land use was less 
intensive and a seed bank is available (i.e., the area is close  
to existing forests); in such locales, secondary forests can  
often regrow on their own.

Fast wood plantations require more water and nutrients 
than natural forests growing at slower rates. For example, if 
fast wood plantations grow 10 times faster than natural ones, 
they could require 10 times more inputs—even though many 
are more efficient. This rapid growth could deplete local soils 
and require the use of fertilizers, herbicides, and pesticides  
to maintain productivity, thereby resulting in adverse  
environmental impacts.

No sweeping generalization can be made about whether 
fast wood plantations should be avoided wholesale. Instead, 
management decisions should be guided by their ability to 
achieve positive objectives and avoid pollution. Maintaining 
sustainable fast wood plantations is most likely to be achieved 
in locations with plentiful rainfall and nutrient-rich soils, but 
such plantations should be avoided where they would have 
negative ecological impacts.

Intermediate-Rotation Hardwood Plantations

Intermediate-rotation monocultures are most commonly 
used at present for furniture and construction products;  
however, for products that can derive from fast wood planta-
tions, the role of intermediate-rotation plantations is likely  
to diminish, as the latter produces as little as half the wood of 
the former and take two to three times longer to reach maturity 
(Cossalter and Pye-Smith 2003). The largest area of intermediate-
rotation monocultures consists not of hardwoods but rather 

1  The Forest Stewardship Council continues to use this standard in all of its certified forests.

Clearing forests and replacing them with fast  
wood plantations for pulp and paper accounted for  
more deforestation between 2000 and 2010 in Indonesia 
than did oil palm plantations and coal mining.
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of pine species—in the United States, New Zealand, Chile, 
Australia, Spain, South Africa, Argentina, and Uruguay  
(Cossalter and Pye-Smith 2003). Because these plantations 
tend to be sited in cooler and drier climates than the tropics, 
their establishment is not a cause of tropical deforestation.

Hardwoods are much less ubiquitous in intermediate-
rotation plantations than the softwoods (usually grown as 
spruce [Pinaceae Picea], fir [Pinaceae Abies], pine [Pinaceae 
Pinus], and poplar [Salicacaea Populus] plantations in Canada, 
China, Finland, Russia, and Sweden). The most common 
hardwood species grown is teak (Lamiaceae Tectona), most  
of which comes from selectively logged forests in Ecuador, 
Ghana, India, and Myanmar. Teak is the major emerging high-
value hardwood on the global market, where it is sold for ship 
building and furnishing, high-end furniture, decorative build-
ing elements, veneer, flooring, and utility poles (i.e., for trans-
mission lines). The area of planted teak forests has increased 
over the past few years, covering about 4.3 million ha in Asia, 
Africa, and tropical America. Teak plantations are estimated 
to produce a fairly good yield—of 1.5 to 2 million m3 annually 
(Kollert and Cherubini 2012).

Almost all of the world’s processing of teak occurs in  
India, where it can be reexported or used to meet strong  

Teak, an intermediate-rotation hardwood from the tropics, being grown in a plantation in Belize.

domestic demand. However, demand for teak in the U.S.  
market is often met by exports from Africa and Latin America 
(Kollert and Cherubini 2012). A major limitation outside  
India is that only a few countries’ sawing industries have  
adjusted its technology to move from processing the large 
tropical logs harvested from natural forests to the smaller 
hardwoods grown in plantations, though the furniture indus-
tries in Thailand and Malaysia are exceptions (ITTO 2002).

lAnD uSe iMPACTS

As a species valued for decades, teak has been managed in 
plantations longer than most other tropical species. There-
fore the implications and challenges of growing teak in a 
plantation are relatively well understood. To optimize finan-
cial returns, most teak plantations are on a 20-year rotation 
(Kollert and Cherubini 2012), but a study in Costa Rica found 
that teak rotation of 25 years was more likely to produce  
desired wood characteristics with still-good economic  
returns (Bermejo, Canella, and San Miguel 2004). In Africa, 
Asia, and the Caribbean, most teak plantations are govern-
ment-owned, while in Central and South America they are 
largely under private ownership (Kollert and Cherubini 
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2012). Teak plantations can serve as habitat for some  
critical wildlife (such as elephants), so their corridors can  
be maintained during planting (Bonnington, Weaver, and  
Fanning 2007).

One of the difficulties in purchasing teak is that some  
of it still comes from natural forests. Most teak logged from 
natural forests likely derives from India, Indonesia, Myanmar, 
or other Southeast Asian countries. However, India, Laos, 
Thailand, and, very recently, Myanmar, now have log-export 
bans in place (Erickson-Davis 2014; Kollert and Cherubini 
2012), so any nonplantation teak from these countries  
would be illegal (Box 2).

Long-Rotation Hardwood Plantations

Long-rotation hardwood plantations are used for selected 
high-value species, mostly with the idea of avoiding the need 
to log natural forests. Today there are very few places where 
plantations are established for long-rotation hardwoods.  
This is mostly due to the poor economic returns associated 
with expensive planting operations and the long time period 
during which this capital is tied up before the slow-growing 
trees reach harvestable size (Venn 2005). 

lAnD uSe iMPACTS

In the tropics there are increasing efforts to grow big-leaf  
mahogany (Swietenia macrophylla) and rosewood (Dalbergia) 
in long-rotation plantations. Due to the severe economic limi-
tations of this approach, the expansion of these plantations 
will not be a threat to forests. On the other hand, their success 
could be helpful in protecting pristine natural forests. 

The loss of habitat due to conversion of forests to agri-
culture fields and pastureland, combined with the commercial 
logging of big-leaf mahogany in natural forests, have caused 
this majestic tree to lose 66 percent of its historic range  
(Grogan et al. 2010). In an effort to continue meeting the 
global demand for its precious wood, big-leaf mahogany has 
been established in about 100,000 ha of plantations around 
the world (Wadsworth and González 2008). These plantations 
range from pure stands of big-leaf mahogany to “enrichment 
plantings,” in which the species is planted into a regrowing 
natural forest (Mayhew et al. 2003). Any planting of big-leaf 
mahogany is limited by the fact that it takes a long time for 
the tree to mature. A study in Puerto Rico showed that even 
after 69 years, the heartwood (the most valuable part of the 
tree) was still increasing (Wadsworth and González 2008), 
making it difficult to decide when to cut it so as to garner  
the best economic outcome. Meanwhile, a threat to the crop 
looms: the Meliaceae shoot borer, a moth that attacks the 

Illegal logging has  
a negative impact  
on ecosystems, 
communities, and 
economies, and it  
has been a persistent 
problem around  
the world.

Illegal logging includes a host of illicit activities associated 
with the production of a wood product. Such actions 
include removing trees from protected areas, removing 
trees without a permit, logging more trees than permitted, 
cutting protected species, stealing wood from forests 
owned by others, failing to pay taxes for wood products, 
and “laundering” illegal wood material. Illegal logging 
negatively affects ecosystems, communities, and econo-
mies, and it has been a persistent problem around the 
world (Elias 2012). One of the primary purposes of  
forest-product certification was to reduce illegal logging. 
However, certification tended to be adopted by those 
already producing wood products legally, and it largely 
failed to address illegal logging (FAO 2012). So this  
issue has continued to plague forests.
  Governance of managed forests can be critical to 
addressing illegal logging (Elias 2012). Brazil, for example, 
has been successful at governance and enforcement within 
this economic sector; over two decades, the country has 
shifted logging from being mostly illegal to mostly legal. 
The main idea behind its measures is that increasing the 
cost of illegal activities—through stricter regulations, 
higher fines, and stronger enforcement—makes legal, 
managed forests more economically attractive (Macqueen 
et al. 2003). In the Congo Basin, governed and managed 
logging provides more financial and social benefits to 
local communities—by bringing them into the cash 
economy—than illegal logging (Endamana et al. 2010). 
Choices to crack down on illegal logging reduce its  
environmental impacts as well. 

box 2.

Illegal Logging
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twigs and seeds of big-leaf mahogany, makes plantations vul-
nerable to destruction when the pest spreads (Mayhew  
et al. 2003).

Rosewood is the general term for a number of species 
that have red-colored wood, which is highly desirable for  
furniture and decorative pieces. Some of the species in this 
category are endangered in natural forests, leading to a desire 
to grow them in plantations. In Thailand, one plantation  
successfully restored a degraded site (Aerts et al. 2010).  
However, the long rotation cycle of rosewood means that  
it will take a long time for newly established plantations  
to meet demand (Wenbin and Xiufang 2013).

Logged Natural Forests in the Tropics

Natural forests can be logged for almost any product; most 
often, however, the highest-value species are logged for use  
in furniture, cabinetry, and some of the decorative touches of 
construction. In the tropics, 403 million ha of natural forests 
are designated for production (Blaser et al. 2011). Companies 
receive permits to harvest in these forests, but in many  
cases their activities are legal only if they permanently retain 
forest cover through selective logging (Gaveau et al. 2013).

Countries in which selective logging of natural forests  
is a large part of the timber sector include Congo,  Ghana, 
Guyana, and Myanmar. Papua New Guinea and the Solomon 
Islands also are critical sources; they sell directly to China, 
which has a huge demand for tropical hardwoods (Wenbin 
and Xiufang 2013). In some of these places, selective  
logging is not done sustainably. 

lAnD uSe iMPACTS

In theory, the idea of selective logging seems absolutely  
attractive, given that natural forests are not replaced by plan-
tations but rather are allowed to recover after selected trees 
have been removed. Trees can be selected based on their  
size (i.e., leaving the small trees so that they can continue  

to mature), on their species (i.e., taking out only a few  
of the highest-value species), or on other characteristics.  
Research shows, however, that when selective logging is 
poorly implemented, it can have negative ecological impacts. 
In fact, such logging is considered the primary cause of  
forest degradation across the tropics (Hosonuma et al. 2012). 

The haphazard “selective” logging of just one tree can 
damage another 10 to 20 surrounding trees (Putz et al. 2008). 
Further, the residual damage can make the complete clear- 
ing of the selectively logged forest physically easier. In the 
Brazilian Amazon, 16 percent of selectively logged forests  
are completely cleared within a year (Asner et al. 2006). 

In addition to the long-term damage associated with  
unmanaged selective logging, the evidence that selective  
logging in the tropics can function over multiple rotations is 
inconsistent (Gourlet-Fleury et al. 2013). This is likely due to 
the enormous variability of tropical forests in terms of how 
they grow, their land use history, and their soil fertility. While 
the few existing studies on this topic show that in some but 
not all cases, the forest carbon lost during well-managed  
harvesting can recover in as few as 20 and up to 100 years,  
the availability of timber (i.e., sizable trees of the desired  
species) is difficult and complicated to manage, especially  
for those species that require a lot of light to grow (Gourlet-
Fleury et al. 2013; Peña-Claros et al. 2008; Sist and Ferreira 
2007). Moreover, the kinds of management practices needed 
to sustainably harvest over multiple rotations may some-
times be too expensive (Peña-Claros et al. 2008). 

Because selective logging occurs across a variety of  
forest types and also varies in intensity, it can be difficult to 
draw conclusions about its impact on ecosystem diversity. 
However, a recent review of the global literature on tropical 
forests found that animals’ responses to logging depends  
on which kind of animal species are being studied. For in-
vertebrates, amphibians, and mammals, increasing selective-
logging intensity reduces biodiversity, while birds tend to 
thrive in more heavily logged areas (Burivalova, Sekercioglu, 
and Koh 2014).

The haphazard “selective” logging of just one tree can 
damage another 10 to 20 surrounding trees. Further, 
the residual damage can make the complete clearing 
of the selectively logged forest physically easier. In the 
Brazilian Amazon, 16 percent of selectively logged forests 
are completely cleared within a year. 
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There are some places in which the logging of natural 
forests is more destructive than other management options, 
because the forests there are completely cleared for their 
tropical hardwoods. This is most often the case in Southeast 
Asia, as in Indonesia or Malaysia, where the forests have  
proportionately more valuable species than in other parts of 
the world. However, even without a lot of valuable species, 
the forests are often cleared regardless of the financial out-
comes. For example, in 2005 some 70 percent of Indonesia’s 
pulpwood, a relatively low-value product, came from mixed 
tropical hardwoods growing in natural forests (Barr 2007).

On the other hand, there also are cases in which   
logging from natural forests is less destructive than from  
other approaches. Although there is no tree planting after 
harvest, natural regeneration can be aided by forestry methods 
other than planting. In particular, reduced-impact logging 
(RIL)—one of the most common ways to ameliorate some of 
the land use impacts of selective logging—includes: modifying 
the number of trees left in the forest; leaving trees of certain 
sizes to grow into a mature forest; harvesting during seasons 
that will not damage the soil; establishing no-cut zones in 
steep terrain or close to water; and avoiding damage to the 

trees surrounding those that are harvested. Because RIL can 
reduce residual forest damage by as much as 50 percent (Putz 
et al. 2008), it has been found to offset many of the adverse 
effects of the unmanaged logging of tropical forests in Africa 
(Medjibe et al. 2011), Asia (Sist et al. 2002), and Latin America 
(Pereira et al. 2002). One small study in Brazil found that 
communities working in partnership with RIL companies  
on their land had more annual income and did not lose access 
to the nontimber forest products they depend on for food  
and supplemental income (Menton et al. 2009). 

Another option for reducing the impact of natural-forest 
logging is to rely on natural secondary forests—those that 
have already been disturbed by previous human activity and 
that regrew without any management interventions—as a 
source of wood (Lamb, Erskine, and Parrotta 2005). There  
is now a large area of secondary forests in the tropics (Asner 
et al. 2009), and because many of these forests do not provide 
the level of biodiversity as primary forests (Gibson et al. 2011), 
they could be seen as a source of wood for the short term—
while waiting for plantations to grow—or for those few  
species that do not grow in plantations. 

Although teak wood can be grown in plantations, much of it is still logged from natural forests in India, Indonesia (shown here), Myanmar, and other locations in 
Southeast Asia.
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Modeled Primary Product

Solid Wood Products Sawnwood (including planks, 
beams, lumber, and rafters)

Panels (including veneer sheets, 
plywood, particleboard, and 
fiberboard)

Pulp and Paper Office paper, books, paperboard, 
newsprint, tissue paper

Fuelwood Biomass 

table 3. Wood Products Associated with International 
Wood-Trade Categories

The Future of the Global Forestry Sector

[ chapter 3 ]

Modeling Demand for Wood Products

Over the next few decades, worldwide demand for wood 
products is expected to rise. Factors such as expanding global 
wealth, a greater need for improved housing, and more con-
venient shipping around the world will enhance the market 
for these products. Meanwhile, on the flip side, the spread of 
recycling, and the growing use of electronics in lieu of paper 
could, in theory, reduce the economic pressure for converting 
trees into products—though the net environmental pressure 
will still be significant. Because different types of forest  
management are used to meet the demand for different  
wood-based products, the future of forests will be highly  
dependent on which products are consumed the most.

We projected future demand for wood through 2060  
using the Global Forest Products Model (GFPM) (Buongiorno 
et al. 2003), which provides a country-by-country estimate  
of what the trade in wood products will look like. The data-
base for this model’s production, import, and export numbers 
came from the Food and Agriculture Organization’s (FAO’s) 
Statistical Database (available online at http://faostat.fao.org).  
The FAO was also the data source for forest area and forest 
stock (Buongiorno et al. 2012).

The GFPM simulates world wood markets for 180 coun-
tries and calculates consumption, production, and trade of  
14 commodity groups. The model is dynamic, in that each 
year’s inputs are dependent on the outputs from the previous 
year, with the dynamic variables including demand, supply, 
forest parameters, manufacturing costs, transportation costs, 
tariff rates, and trade inertia.

Because the model is based on international data, it  
features product categories (and the primary products they 

embrace) that are universally used in global forestry,  
as indicated in Table 3. 

reSulTS

The total consumption of all wood products is expected  
to be greater in 2060 than in 2010 (Figures 2–5, pp. 15–16); 
however, relative consumption of different products will 
change, and the absolute consumption of some products  
will actually decrease. 

The most notable increases in projected wood product 
consumption by 2060 will be in pulp and paper (Figures  
4 and 5, p. 16). Indeed, the model predicts that all types of  
paper consumption will increase by more than 100 percent 
from 2010. This category includes, among other products, 
recycled paper (which will increase by 192 percent), printing 
and writing paper (which will increase by 180 percent),  
and paperboard (which will increase by 125 percent). 
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Consumption of solid wood products is expected to  
grow at a lower rate (Figures 2 and 3). For example, sawn-
wood will increase by 28 percent, wood-based panels by  
64 percent, and veneer and plywood by 61 percent. 

By contrast, fuelwood consumption is expected to de-
crease by 23 percent (Figure 2). This is because developing 
countries are following a path similar to that of most industrial-
ized nations—shifting away from wood as an industrial energy 
source or home heating and cooking material, and toward  
oil, coal, and renewable energy as their economies grow.2 

A Picture of Future Forests

The GFPM results—predictions of the growth or decrease  
in consumption of different wood products—provide a sense 
of the future demands on various kinds of forests. The largest 
increases will be in demand for pulp and paper products such 
as tissue paper, diapers, paperboard, newsprint, and printing 
and writing paper. The other major product category with 
large relative expected growth is sawnwood, and panels in 
particular—veneer/plywood, particleboard, and fiberboard, 

Modeling of global industrial roundwood and fuelwood consumption 
from 2010 to 2060 indicates that demand for industrial products  
will increase in the future, while fuelwood use will decrease.
Note: Results based on the Global Forest Products Model.
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Figure 2. Wood Consumption through 2060
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Figure 3. Solid Wood Product Consumption  
through 2060

Modeling of changes in the four major categories of solid wood  
product consumption indicates an increase in demand from 2010  
to 2060.
Note: Results based on the Global Forest Products Model.
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Figure 4. Woodpulp Consumption through 2060

Global woodpulp consumption is expected to increase dramatically 
in the decades ahead due to consumer demand. If not managed 
sustainably, this growth could further drive deforestation and affect 
tropical ecosystems.
Note: Results based on the Global Forest Products Model.

2  There is much debate as to the role of biomass as a source of energy that could potentially have a smaller global warming impact than fossil fuels; however,  
for this report we did not consider policies aimed at increasing the use of biomass for fuel in modeling future wood consumption.
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for example. These predicted increases in demand for paper 
products and construction-related materials indicate that 
plantations, especially fast wood plantations, are likely to  
play a larger role in the future wood market. 

The role oF PlAnTATionS

In 2005, plantations covered about 260 million ha, distributed 
unevenly across the globe (Carle and Holmgren 2008), as 
shown in Figure 6.

The most commonly grown species for fast wood  
plantations—eucalyptus—can produce 33 to 83 m3 per ha  
per year in Brazil (Stape et al. 2010). Assuming a conservative 
average of 30 m3 per ha per year, this means that 3,333 ha are 
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While all woodpulp-based products are expected to increase in the decades ahead, the most notable 
changes will be in paper and paperboard as well as wastepaper.
Note: Results based on the Global Forest Products Model.

Figure 5. Woodpulp-based Products Consumption through 2060

needed to produce an additional 100,000 m3 annually.  
Because these trees are usually harvested every 10 years or so, 
33,330 ha would be required for each additional 100,000 m3 
demanded through 2060. 

Therefore it would take an additional 59 million ha to 
meet the 178 million m3 increase in demand for wood-based 
panels, 19 million ha to meet the 57 million m3 increase in de-
mand for veneer/plywood, 23 million ha to meet the 70 million 
m3 increase in demand for particleboard, 17 million ha to 
meet the 50 million m3 increase in demand for fiberboard,  
and 7 million ha to meet the 34 million metric ton increase  
in demand for wood pulp,3 for a total of 125 million ha (Figure 7, 
p. 18). Based on these calculations, it would be possible for 
plantation area to meet the new demand, though with some 

3  Assuming that 1 m3 of plantation-grown eucalyptus weighs 0.65 tonnes.

These predicted increases in demand for paper products  
and construction-related materials indicate that 
plantations, especially fast wood plantations, are likely  
to play a larger role in the future wood market. 
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Most plantation area has been concentrated in Asia and Europe, but the increasing role of fast wood 
plantations may lead to more of these kinds of forests in the tropics of South America and Africa as well.
Source: carle and Holmgren 2008.

Figure 6. Distribution of Global Plantation Area in 2005
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Without deliberate planning to avoid unsustainable clearing for pulpwood, as occurred here in Indonesia, future demand could threaten tropical forests.
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effort. Carle and Holmgren (2008) predicted that by 2030, 
plantation area could expand by 84.5 million ha to a total of 
345 million ha. One of the ways to ensure that this occurs  
in an environmentally sustainable way is to involve local  
communities as forest managers (Box 3).

ThreATS To SuSTAinAble wooD ProDuCTion

Although the world’s total plantation area is increasing,  
and most of the expected growth in demand for wood prod-
ucts will be for those most easily produced from plantations  
(e.g., woodpulp), primary natural forests are still being 
cleared today for wood products. However, improvements  
in technology, and policies to avoid the replacement of  
natural forests with plantations, could help move the 
 sector away from such unnecessary deforestation. 

Improvements in manufacturing techniques are in- 
creasing the likelihood that plantation-grown wood can meet 
the technical characteristics needed for the products usually 

obtained from natural forests (Bowyer, Shmulsky, and  
Haygreen 2007). Further, plantation area is expected to  
continue expanding over the next few decades. Most of this 
expansion will occur in the tropics—largely Asia and Latin 
America—where the high growth rates of trees can contribute 
to the greater role of plantations there in meeting global  
wood supply (FSC 2012; Siry, Cubbage, and Abt 2000). In  
the tropics, about 4 million ha of plantations are now being 
established annually (Siry, Cubbage, and Abt 2000). At a very 
conservative average growth rate of 10 m3 per ha per year,  
an additional 40 million m3 per year could be available at  
the end of a 10-year rotation. 

But putting in new plantations depends on many factors: 
government policies, technological capabilities, markets, land 
availability, and environmental issues (Siry, Cubbage, and  
Abt 2000). For slower-growing plantations, weaker economic 
returns are a major limit to establishment (Brown 2000). It 
also is difficult to shift demand for wood from high-value  
luxury species, which are not grown in plantations. Finally—
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Fast wood plantations could expand significantly in the years ahead, helping to meet increased 
global demand for wood products without disturbing natural forests.

Note: Results based on the Global Forest Products Model.

Figure 7. Fast Wood Plantation Area Needed to Meet 2060 Demand

Improvements in manufacturing techniques are increasing 
the likelihood that plantation-grown wood can meet the 
technical characteristics needed for the products usually 
obtained from natural forests.
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Some of the most successful forest-conservation programs 
have been based on decentralizing control and depending on 
communities to make management decisions (Boucher et al. 
2014). Thus it is worth evaluating the role that community 
management could play in the sustainable production of  
wood worldwide.
  Community forestry enterprises have existed in Mexico  
for decades, providing a precedent for the participation of 
other countries’ communities in the commercial timber sector. 
While there is no single model for how such enterprises  
work, generally they have three basic features: 1) government-
granted responsibility for forest management; 2) the goal of 
ecologically sustainable forestry; and 3) centrality of social and 
economic benefits as an outcome (Charnley and Poe 2007). 
Such approaches provide local economic development while 
still meeting sustainability criteria, including forest conser-
vation (Antinori and Bray 2005). In addition to the long-
standing tradition in Mexico, community forestry is also   

box 3.

Community Forest Management
practiced in Bolivia, India, Nepal, and the Philippines  
(Elias and Lininger 2010).
  Another (and rapidly growing) approach to community 
involvement entails partnerships between forest companies 
and small-scale producers—known as outgrower agreements— 
under which local growers own and operate plantations   
and then sell the wood to their partner mills (Cossalter and 
Pye-Smith 2003). Case studies show that this process can be 
beneficial to both parties—the mills reduce their risk, work 
within policies that limit the size of landholdings, and diver-
sify their wood sources; the tree farmers benefit from the 
research done by large companies, obtain the best seedlings  
to plant, have a guaranteed market, and spread their risk   
(if they are growing trees in addition to agricultural com-
modities) (Desmond and Race 2000). Overall, outgrower 
schemes usually lead to less conflict and provide enhanced 
local employment (Cossalter and Pye-Smith 2003).

Logs being shipped from Central Kalimantan in Indonesia. Improvements in technologies and policies to avoid deforestation could move the timber sector toward 
sustainable production.

as has been suggested for the wildlife trade—completely ban-
ning these products could possibly expand the black market 
or illegal logging for those products (Pavlin, Schloegel, and 
Daszak 2009). Nevertheless, slower-growing plantations and 
mixed-species plantations could increasingly be used to meet 
demand. And while these options are being researched and 

implemented, managed secondary forests could fill the gap. 
Global estimates suggest that more than 2 billion ha of de-
graded land are available for restoration and reforestation, 
which could reduce pressure to log natural forests and help 
supply global demand for wood (see www.wri.org/tools/atlas/
map.php?maptheme=restoration for a geographic breakdown).
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Alternatives That Could Create a Sustainable  
Future for Forests

[ chapter 4 ]

Know Your Wood

The modern consumer should be able to make informed 
wood product purhasing decisions based on where wood  
is coming from and on the associated forestry approaches  
and practices. Toward that end, technology to track wood 
products can help provide verifiable systems to trace wood 

from the forest, through transit, to the mill and factory, during 
export, and at the retail outlet (ITTO 2012). Without such 
systems, it is difficult to feel confident in the sustainability 
and legality of a timber product. For example, a recent report 
by the Environmental Investigation Agency exposed the  
inability of the Myanmar government to account for almost 
half of the logging occurring in the country (EIA 2014).

Deforestation in Indonesia to meet global demand for pulpwood. Plantations that follow strict “best practices” could help meet future wood-product demand.  
But they must not be built in areas that have been cleared of natural forests for this purpose.
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Technology Strengths Challenges

Physical Technology

Paper Tracking with  
Simple Labeling

Paint, chisel, or nailed tags are inexpensive and 
easy to apply; can withstand transport; usable in 
remote areas without electronic infrastructure.

Labor intensive; prone to human error; difficult 
to enforce and easy to forge; some tags are 
subject to durability concerns or to becoming 
detached.

Wood Anatomy A good first line of defense for identifying 
species once wood products have been seized, 
with no complex technology required.

Inefficient; requires substantial expertise  
to inspect and accurately identify each piece 
of wood.

Bar Coding or Radio 
Frequency Identification 
(RFID)

Bar coding is a relatively low-cost technology 
that tracks individual logs; bar coding and RFID 
can be easily incorporated into an electronic 
system and are difficult to forge.

Bar codes and RFIDs can become detached; 
requires trained staff to operate readers; 
technologies can be difficult to use after 
wood processing, especially when wood from 
multiple sources has been combined; RFIDs 
can be expensive.

Remote Sensing Can be used to support a bar coding system 
with species information, though it is unclear 
if the system can be reliably used in tropical 
forests.

Requires substantial expertise and large 
investment in remote-sensing technology, 
regular mapping, and ground-truthing  
(on-site verification).

Chemical Technology

DNA Fingerprinting Very resistant to forgery; not subject to errors 
or other concerns with tagging; provides reliable 
identification of species; provides reliable 
identification and chain of custody of individual 
log to stump.

Expensive; requires large investment in 
establishing a database of DNA samples from 
known species for comparison with unknown 
specimens; requires high quality of DNA,  
which can be hard to obtain.

Isotope Fingerprinting Very resistant to forgery; not subject to errors 
or other concerns with tagging; provides reliable 
identification of geographic origin on a regional 
scale.

Requires substantial expertise and large 
investments in lab equipment and in initial 
sampling to build database.

table 4. A Comparison of the Strengths and Challenges Associated with Various Timber-Tracking Technologies

adapted From raFt 2012. additional Source: itto 2012.

Multiple approaches and technologies are available  
to track timber from the source to the consumer (Table 4). 
Further, mixes of various technologies can be applied. For 
example, a lower-cost primary system (such as bar coding) 
coupled with random checks by less forgery-prone approaches 
(e.g., DNA fingerprinting) could help reduce corruption 
(RAFT 2012). But no tracking option will be comprehensive  
if it is stand-alone—that is, if it is not part of a larger forest 
inventory, accounting, auditing, sales, and tax system  
(ITTO 2012). Therefore companies need to consider how  
any national or corporate infrastructures can be supportive  
of their tracking systems. 

DNA fingerprinting can identify a specific individual 
tree—i.e., it can track a product sample all the way back to a 
tree stump and tell the user if is made from a species protected 
by law. In one pilot project, a company used this technology 

to differentiate between Merbau wood hailing from Indonesia, 
Malaysia, Papua New Guinea, or Singapore (Double Helix 2011). 
However, for the technology to function on a global scale, 
greater knowledge of forest genetics—that is, development of 
gene databases from the most common wood sources around 
the world—is needed. 

Another common approach to tracking timber is isotope 
fingerprinting. Different combinations of element isotopes 
(especially of hydrogen, oxygen, nitrogen, and sulfur) arise  
in different regions. Because these isotopes migrate from the 
local soil and end up throughout the plant, identifying mate-
rial can be extracted from any part of the plant. If the regional 
isotope signature of an element is known, the wood product 
can be linked to that region. This method of course requires 
data on isotopic signatures from the most common wood 
sources around the world. Such data are not difficult to  
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acquire; isotope fingerprinting is commonly used today in  
the agriculture sector for tracing food down to the field level 
(ITTO 2012; GIZ 2011).

Timber tracking can be expensive, especially through 
methods, such as isotope or DNA fingerprinting, that require 
lab tests. As a result, few forest managers or factory owners 
could absorb these systems into their operating costs and they 
would thus be dependent on public funding or on being part 
of a research project (ITTO 2012). Policy makers should take 
such costs, and the limitations to each approach, into consid-
eration before promoting one technology over another. It may 
turn out that a mix of approaches is usually most appropriate. 

Planting Now to Affect the Future:  
Using Multispecies Plantations

In addition to the traditional forest management types  
explored thus far, another kind of industrial plantation should 
be considered as a source of wood products. There is evidence 
that multispecies plantations can induce better soil quality, 
achieve quicker growth, and have higher timber yields  
(Bonner, Schmidt, and Shoo 2013; Erskine, Lamb, and Bristow 
2006). For example, Erskine, Lamb, and Bristow (2006) found 
that average diameter growth of a mixed-species plantation 
increased directly as the number of species in the plantation 
increased (up to the experiment’s maximum mix of eight  
species). These results show the ecological theory that lim-
ited resources are more efficiently allocated among a number 
of species than when just one species competes with itself.

Multispecies plantations are more expensive to plant  
and manage, but the higher costs could be fully offset with 
timber yields only 10 percent higher than in monocultures—
an increase that appears relatively easy to achieve (Nichols, 
Bristow, and Vanclay 2006). Factors that can influence where 
multispecies plantations are established and what is planted 
in them include production costs, wood prices, the regulatory 

There is evidence that 
multispecies plantations 
can induce better soil 
quality, achieve quicker 
growth, and have higher 
timber yields.

Paint is a commonly used option for identifying logs and tracking timber; however, it is easily evaded. Timber-tracking approaches should integrate multiple  
(and complementary) technologies to ensure that consumers know where their wood is coming from.
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environment, and risk (Cubbage et al. 2010). These factors 
interact to influence the return on plantation investment and 
the decisions on whether to establish new plantations in the 
first place. On a more fundamental level, policies that affect 
production costs, wood prices, and regulatory regimes can 
shift the balance toward incentivizing sustainable practices 
over high-environmental-impact forest-management methods. 

liMiTATionS

Although research has indicated that they can produce better 
results, mixed-species plantations now account for a tiny por-
tion of plantations globally (less than 0.5 percent) (Nichols, 
Bristow, and Vanclay 2006). There is a wide range of opinions 
as to why this is so. Some think it is the absence of large-scale 
demonstration projects; others believe it is a dearth of seed 
sources and seedlings; some point out that there are too few 
studies showing mixed-species plantations to be financially 
reliable; and some, particularly among research scientists, 
simply dismiss research into multispecies plantations as  
redundant—they maintain that the general study of natural 
ecosystems should suffice (Piotto 2013; Nichols, Bristow,  
and Vanclay 2006).

Overcoming the financial momentum behind logging  
natural forests and planting monoculture plantations is one  
of the most commonly cited challenges to increasing the use 
of using mixed-species plantations. Thus strong incentives 
are needed to encourage the latter’s growth. Currently there 
are few such incentives, and the small markets (for certified 
sustainable products from multispecies plantations) that do 
exist are concentrated in developed countries, not in the  
ever-growing emerging economies (Brancalion 2014).

Although proponents of mixed-species plantations  
express confidence in the management approaches to these 
systems, the modest diffusion and application of this knowl-
edge is still a barrier (Nichols, Bristow, and Vanclay 2006); 
and there is little evidence that these plantations will produce 
desired timber characteristics across a range of ecosystems 
(Brancalion 2014). For example, one of the main practices 
behind high-yield monoculture plantations is the identifica-
tion of the ideal species, number of trees in a given area, and 

resource inputs (e.g., fertilizer, water) for reducing the com-
petition among trees in the stand. Evidence from an experi-
ment mixing acacia trees into a eucalyptus monoculture 
found varying yield results at different locations (Epron et al. 
2013), showing that similar identifications for mixed-species 
plantations need to be made and better understood for sites 
where such information is already known for monocultures.

CreATinG inCenTiveS To enCourAGe  
MulTiSPeCieS PlAnTinGS

Although few incentives to establish and manage multispecies 
plantations now exist, this can be changed. Researchers who 
work in this field have suggested two approaches: paying for 
these plantations with more than just the harvested wood; 
and “riding the wave” of reducing deforestation to move  
toward sustainable forestry practices.

In the first approach, aimed at making multispecies  
plantations more economically competitive (Brancalion et al. 
2012), species could be selected to provide not only timber 
over a long timeframe but also a steady flow of nontimber 
products, including those supporting ecosystem services that 
could be financed through Payment for Ecosystem Services 
programs. However, there is almost no evidence that the mar-
kets alone would help shift preferences away from natural 
forests as a source of wood. Appropriate legislation and regu-
lations are needed. For example, government intervention in 
the form of financial support has often been available to spur 
plantation development (Cossalter and Pye-Smith 2003);  
this support should be shifted to promote multispecies  
plantations in particular.

Regarding the second suggested approach: many coun-
tries and companies today are taking deforestation seriously, 
and they are spending significant financial and political  
capital to reduce destructive activities. This phenomenon 
could provide the momentum to invest money in and direct 
research toward plantations so that they are ready to meet 
market demand in decades to come. Further, the rise in  
consumer demands for sustainability could pressure timber 
companies to improve their practices and move toward  
multispecies plantations. 

Multispecies plantations are more expensive to plant  
and manage, but the higher costs could be fully offset with 
timber yields only 10 percent higher than in monocultures—
an increase that appears relatively easy to achieve.
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Stimulating Key Markets

DoMeSTiC MArkeTS in DeveloPinG CounTrieS

The growing economies in many developing countries can 
affect their forest industries, and vice versa, in several ways. 
First, forestry can help increase the wealth in these countries. 
For example, in 2010, forestry accounted for 17.7 percent  
of Liberia’s gross domestic product, 6.7 percent of Papua  
New Guinea’s, 2.8 percent of Brazil’s, 2.5 percent of Korea’s, 
2.5 percent of Indonesia’s, and 1.9 percent of Nicaragua’s, 
compared with a global average of 1 percent (FAO 2011).  
In Brazil, this sector accounts for about half a million jobs 
(Macqueen et al. 2003) and in Indonesia it is estimated to 
employ 1.5 percent of all residents. Much of this wealth is 

concentrated in just two companies—Sinar Mas Forestry and 
Asia Pulp and Paper, which together account for almost 1 percent 
of Indonesia’s gross domestic product (ITS Global 2011).

Conversely, rising wealth in developing countries  
increases per capita demand for many wood products  
(Cossalter and Pye-Smith 2003). At the turn of the century  
in Brazil, 86 percent of the wood harvested from the Amazon 
was consumed within the country’s domestic market  
(Smeraldi and Veríssimo 1999), where the demand for hard-
woods is strong because they provide the most desirable  
material for construction (Brancalion 2014). These countries’ 
strengthening domestic markets put pressure on their native 
forests, however, because hardwood plantations’ timber  
prices tend to be higher than those of the artificially cheap 
illegal wood coming out of those forests (Piotto 2013).

The growing wealth of developing countries such as China raises their per capita demand for wood products.

India and China, the two largest emerging economies, 
together account for 80 percent of global imports of tropical 
hardwoods. Much of this wood is subsequently exported  
as finished products to developed countries.
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India and China, the two largest emerging economies, 
together account for 80 percent of global imports of tropical 
hardwoods (Wenbin and Xiufang 2013). Much of this wood  
is subsequently exported as finished products to developed 
countries—in 2005, 80 percent of the industrial roundwood 
imported into China later left the country in final-product 
form (Canby 2006). This pattern is changing, however, as 
wood imported into China is more and more being used  
domestically or for other developing-country markets (Wenbin 
and Xiufang 2013; Canby 2006). A similar trend applies to  
the pulpwood market as well. In 2005, only 11 percent of  
pulpwood imported into China was reexported (Canby 2006).  

Our GFPM results indicate that a few countries, such  
as Egypt, Haiti, The Gambia, the Netherlands, and Serbia,  
will  increase their demand for industrial roundwood by more 
than 100 percent by 2060. However, the growth in demand 
among the 10 largest countries is expected to be smaller.  
Demand is predicted to rise by only 28.9 percent in Indonesia, 
22.4 percent in India, 18.3 percent in China, 8.8 percent in 
Brazil, 3.8 percent in Russia, and 0.8 percent in Japan.  
Some of the largest countries will see a decrease in demand— 
14.5 percent in Nigeria and 13.9 percent in the United States.

MArkeTS For SuSTAinAble TiMber

Consumers commonly rely on certification when looking for 
sustainably produced wood. However, forest certifications are 
not equitably distributed. As of 2012, some 92 percent of the 
world’s certified forests were in the Northern Hemisphere, 
while only 2 percent of tropical forests were certified—with 
Latin America having a slightly greater relative area certified 
than Africa and Asia (FAO 2012). Further, the demand for  
certified timber is also concentrated in developed countries 
(Piotto 2013). The high demand in the European Union and 
Canada does, however, provides markets for those certified 
wood products coming from the Southern Hemisphere.

Beyond certification, consumer pressure on large com-
panies has also led to some independent verification agree-
ments. For example, Asia Pulp and Paper (APP) has recently 
partnered with the Rainforest Alliance—a verification pro-
gram known for ensuring the sustainable growth of products 
ranging from coffee and bananas to timber (Butler 2014).  
APP had been denounced for years by environmental groups 
such as Greenpeace for its practice of destroying natural  
forests through complete clearing for timber products—
sometimes leaving them in a degraded state and sometimes 
replacing them with fast wood plantations. 

But under the company’s new agreement with the  
Rainforest Alliance, APP’s commitments to protecting high-
conservation-value forests and areas with high carbon stocks, 

to limiting global warming emissions from carbon-rich peat 
soils, and to obtaining free, prior, and informed consent from 
local communities before developing new plantations will all 
be independently audited. This pledge to meet sustainability 
criteria, and the opportunity for third-party verification,  
indicates major progress within the timber sector over the 
past few years, in large part due to pressure from consumers 
and environmental organizations (Butler 2014). Such public 
indications that forest destruction will not be tolerated have 
also compelled other large companies in Indonesia to follow 
suit (Nazeer 2014).

Consumer pressure on  
large companies has led 
to some independent 
verification agreements.

vAluinG CArbon-SequeSTrATion ServiCeS

Economies that put a value on carbon—for example, through 
a global warming emissions cap or a carbon tax, could make 
some forests worth more for their carbon sequestration and 
storage than for their wood products (Chiabai et al. 2011). 
However, our GFPM analysis suggests that significant carbon 
prices would be needed. In addition, the nascent carbon mar-
ket has so far provided little in the way of payment for forest 
conservation (Boucher and Elias 2013). Modeling how con-
sumption, prices, and forest stock would change if carbon-
price policies—aiming to limit harvest to 75 percent of growth 
rates—were set, we found the differences to be very small. 
Total industrial roundwood consumption would decrease  
by 3 percent, global wood prices would go up by 2.5 percent, 
and global forest stock would increase by only 0.51 percent. 

In our modeling studies, the small impacts of policies 
with low carbon prices are primarily due to many countries’ 
existing policies constraining harvest rates—intended to  
ensure that they do not exceed growth rates. Therefore  
other incentives to produce wood sustainably—such as strict 
logging limitations on natural forests combined with reduced-
impact logging—are likely to have bigger effects on forests 
than a (relatively modest) carbon price.

Making an Impact 

The research efforts on logging natural forests and forest 
plantations—both our own studies and those of many others—
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point to the importance of avoiding tropical deforestation and 
forest degradation, assuring legal harvests, obtaining forest 
certification, and achieving sustainable management. 

These insights, coupled with the large predicted increases 
in wood demand due to growth in populations and higher 
levels of affluence, indicate that the global wood sector could 
be shifted toward sustainable management systems by:

•	 	 Planting	multispecies	plantations	to	meet	wood	demand

•	 	 Minimizing	the	use	of	natural	forests	to	log	for	industrial	
roundwood and pulpwood

•	 	 Improving	consumer	understanding	of	sustainable	 
production practices

•	 	 Leveraging	technological	improvements	to	enable	 
plantations to meet more demand 

•	 	 Ensuring	that	plantation	forestry	follows	strict	best- 
management practices to minimize toxic chemical use, 
prevent pollution, and avoid adverse effects on water  
supplies (especially in dry regions)

•	 	 Using	multiple	timber-tracking	technologies	to	reduce		
illegal logging and help consumers know the sources  
of wood products they consider buying

Meanwhile, significant political, cultural, and technological 
innovations will be needed to create a future in which natural 
forests are protected from logging and sustainable-management 
techniques are commonly applied throughout the world.

Fast wood plantations and technological improvements can provide wood to meet growing demands for construction.
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There are two possible futures: one in 
which demand for wood products is met in 
a sustainable way; and another in which 
business-as-usual production continues  
to degrade and destroy tropical forests.

We use wood in our daily lives in numerous ways. While some of 
this material now comes from sustainable sources, logging is still 
a threat to a great many forests across the globe. This report 
applies the Global Forest Products Model to estimate the increase 
in demand for wood products such as lumber, veneer, and ply-
wood through 2060. The most notable growth, however, will be 
demand for paper products like newsprint, tissues, cardboard and 

writing paper. Without protections, future consumption of these 
products could leave tropical forests susceptible to destructive 
logging and clearing. However, by cultivating wood through sus-
tainable forest-management techniques, including properly man-
aged plantations, this rise in demand should not adversely affect 
the world’s forests. Consumers can help to ensure this outcome 
by insisting that virtually all of their wood is sustainably grown.
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