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Abstract

As the global population continues to grow, the demand for forest products and services also
increases. However, with natural forests in the tropics declining and becoming less accessible for
timber production, there is a growing reliance on planted forests to meet these demands. Planted
forests are often seen as a solution to environmental issues although this viewpoint is debated, with
many considering that planted forests are not ‘nature positive’. Here we examine evidence from the
literature to determine whether planted forests primarily contribute to, or offer solutions to,
pressing global environmental challenges — biodiversity conservation, climate change mitigation,
clean water supplies, and declining natural forests. Findings are mixed for biodiversity
conservation, with positive contribution of plantations depending on proximity to, and
management of, natural vegetation in the plantation matrix. Plantations can contribute positively to
water yield and quality but this depends on site characteristics, previous land use, management
practices, species selection and rotation length influence these outcomes. When replacing grass or
crop land, plantations reduce water yield for downstream users. Planted forests can sequester
atmospheric carbon and positively contribute to climate change mitigation if established on
cleared or degraded land but not when replacing natural forests. Planted forest can alleviate
pressure on natural forests by providing alternative sources for timber but establishment costs are
high, and timber harvesting is not a major driver of tropical natural forests. In conclusion, well-
planned and designed planted forests can make a positive contribution to nature, address global
environmental challenges and provide multiple ecosystem services, particularly when integrated
with other landscape restoration activities.

Keywords: planted forests; environmental impacts; biodiversity; carbon sequestration; climate
change mitigation; provision of water; pressure on natural forests

1. Introduction

Humans depend on forests and forest products for a wide range of goods and ecosystem
services. Global frameworks such as the Kunming-Montreal Global Biodiversity Framework recently
established under the United Nations Convention on Biological Diversity (https://www.cbd.int/gbf)
identify the need to improve conservation values in “working lands’ that provide many of the goods
needed for human survival. Planted forests are working lands providing productive and protective
functions. They range from extensively-managed, low input, mixed plantings to intensively managed
plantations grown on short (4-7 year) rotations with inputs of fertilizer, weed control and pesticides
[1]. The area of planted forests has expanded globally by over 170.6 million hectares since 1990,
reaching a total of 293.9 million hectares in 2020; or about 7.2 % of the global forest area [2]. Over this
period, planted forests increased on average about 4.1 million ha per year, equivalent to the land area
of Denmark, through conversion of natural forests to plantations and afforestation on other forms of
land cover. The rate of expansion of planted forests has slowed in the last decade, due to declining
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government investment and difficulty accessing land for large scale planting. About 46 percent of the
global industrial round wood (IRW) supply came from planted forests in 2020 [8]. Planted forests are
likely to expand a greater rate in future due to investment for carbon [3] and other efforts to mitigate
climate change [4,5], increasing demand for wood for energy in modern biofuel systems [6] and for
wood, paper and packaging. This combination of factors makes plantations an attractive investment
opportunity [7]. Estimates indicate global demand for wood products will increase by 37 percent in
2050 compared to 2020 [8] due to population growth and increasing wealth [9] with more focus on
sustainable timber supply [10,11]. Signatories to initiatives such as the ‘Bonn challenge” have pledged
to restore forests on over 200 million hectares of degraded land using Forest Landscape Restoration
(FLR) principles. This indicates a significant opportunity for planted forests with diverse purposes,
including the production of roundwood [8].

Given growing interest conservation and environmental benefits in working lands, and in
particular working forests, how can planted forests make a positive contribution to the environment?
Many previous studies have investigated the role of planted forests with reference to specific
ecosystem services, such as water supply [16], and biodiversity [12-14]. The potential role of planted
forests for climate change mitigation has also received a high attention [5,23,94]. Growing forests
remove atmospheric carbon dioxide (COz) through photosynthesis and store it in biomass above and
below ground. Carbon stocks in new forests on cleared land also build up in the forest floor in litter
and dead wood and, depending on the previous land use, below ground as soil organic matter [95].
For this reason, afforestation was recognized as important for global action on climate change under
the Kyoto Protocol [96]. Such land use change activities are being adopted in many industrialized
and developing countries to reduce greenhouse gas emissions and contribute to global climate
change mitigation under Nationally Determined Contributions to the 2015 Paris Agreement.

While the benefits of planted forests on cleared or degraded land for climate mitigation are quite
clear, their benefits for other environmental values are debated. Intensively managed forest
plantations are often considered to impact negatively on the environment and regarded
‘green/biological deserts” with little value as wildlife habitat [21,22]. Opposition to planted forests is
strongest where natural vegetation is cleared for short rotation, single species, potentially invasive
exotic species [75,81] monocultures over large areas [77-79] involving chemicals and fertiliser use [80]
and providing habitat for feral animals [63,82]. Other evidence indicates that with appropriate species
and management practices, planted forests can contribute positively to biodiversity conservation
[12.13,14], and supply a variety of ecosystem services such as clean water [15,16], reduced dry land
salinity [17] and, as indicated above carbon sequestration. Depending on the products grown, planted
forests can also benefit nature indirectly by reducing pressure to extract resources from natural forest
resources [20]. These contradictory views indicate the challenge of positioning planted forests,
particularly intensively managed plantations in the ‘nature positive” discussion but few studied have
fully explored the role of planted forests [24,25]. Further investigation of evidence is needed to
ascertain the impacts and benefits of planted forests.

We aimed to fill this gap through an exploration and review of published literature to
consolidate current knowledge on the impacts of planted forests in the context of four 21st century
environmental challenges (Figure 1). It was not intended to be comprehensive, systematic review.
The focus was to assess the effects of planted forests on ecosystem services and the environment and
analysis of opportunities to mitigate negative environmental impacts and improve positive nature
and environmental outcomes from planted forests.
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Figure 1. Relationship between planted forests and key environmental challenges of the 21st Century,
such as biodiversity loss, climate change, loss of natural forests and provision of water. The numbers
in brackets represent sources: [1-49].

2. Materials and Methods

2.1. Definitions and Scope

There is no global consensus on the definition of forest (Lund 2002). Different countries use
different minimum thresholds to distinguish a forest based on the tree parameters such as minimum
tree height, minimum crown cover and minimum land cover. For global reporting, the FAO uses a
definition of forest being ‘land spanning more than 0.5 hectares with trees higher than 5 meters and
a canopy cover of more than 10 percent, or trees able to reach these thresholds in situ. It does not
include land that is predominantly under agricultural or urban land use’ [50]. Planted forests are
defined as those ‘predominantly composed of trees established through planting and/or after
deliberate seeding of native or introduced species’ [40]. Plantation forests are defined as ‘planted
forest that is intensively managed and meet ALL the following criteria at planting and stand maturity:
one or two species, even age class, and regular spacing.

2.2. Sources of Information and Analysis

To inform the analysis, a search of research literature was carried out using Scopus, a scientific
citation indexing database with 20% greater coverage than the Web of Science [51] and offering
greater capacity for analysis. The following search string was used: (TITLE (‘planted forest’, OR
‘forest plantation,” OR ‘timber plantation’” OR ‘tree planting’, AND TITLE-ABS-KEY WORDS
(‘'environmental values,” ‘environmental services’, ‘ecosystem services’, ‘environmental impacts’,
‘biodiversity, ‘habitat’, ‘carbon’, ‘climate regulation” and ‘climate change mitigation’, ‘conservation’,
‘water quality’, “water quantity’, ‘forest loss’, ‘deforestation’). Some 140 relevant articles were
reviewed. Analysis identified key global environmental challenges that were further investigated
to identify ambiguous or contested elements and consider alternative interpretations that warranted
further investigation.
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3. Results

The review of the research literature revealed the multifaceted roles that planted forests can play
in key environmental challenges: biodiversity conservation, climate change mitigation, water and
reduced pressure on native forests. These are discussed further below.

3.1. Planted Forests and Biodiversity

Reviewed studies highlight benefits and limitations of planted forests for biodiversity
conservation. Under certain conditions planted forests enhance species diversity, support habitats for
endangered species, foster native understory growth, and create ecological corridors. Their
effectiveness for conservation depends on management practices, tree species used and landscape
context. It is also important to consider the biodiversity of planted forests not only relative to natural
forests but compared to other land uses prior to the plantations.

A meta-analysis by Felton et al. [58] found that plantations generally support greater
populations of birds and mammals compared to pasture lands, particularly when the plantations are
established in regions that still have remnant native vegetation. However, these benefits depend on
the plantation tree species. For example, Volpato et al. [71] in Brazil, Farwing et al. [72] in Kenya,
Zurita et al. [73] in Argentina, and Sekercioglu, [74] in Uganda observed that the plantations of exotic
species supported lower bird richness than native species plantations. Branching characteristics of
native species provide more attractive roosting sites for birds, which are primary mechanism for seed
distribution of many rainforest species, particularly in the tropics. Barlow et al. [70] found that exotic
tree plantations in the Brazilian Amazon provide conservation benefits, although the habitat quality
is lower than the native forests, while other research identified that eucalyptus plantation in the
coastal mountain range in central California (USA) tend to have high species diversity, including
amphibians, birds, mammals and leaf litter invertebrates compared to the surrounding forested areas
[57].

Managed plantation forests can provide a buffer between forests and agricultural or pastoral
lands and maintain connections between forest patches to support interactions within meta
populations. For example, in Patagonia (Argentina), pine plantations were established in way that
effectively connected forest habitats with steppe areas [66]. This not only helped maintaining the
existing forest remnants but also enhanced the overall habitat quality of the landscape [63,65,67].
Planted forests also facilitated the movement and dispersal of mammals living in forests [68] and
various marsupials found in Australia [69]. In some situations, native and exotic planted forests can
provide habitat for native endangered and threatened birds and mammal species. For example, exotic
pine (Pinus radiata) plantations in New Zealand are providing habitat for the endangered brown Kiwi
[55] and endangered cassowaries are found in Hoop Pine (Araucaria cunninghamii) plantations in
Queensland, Australia [49].

Planted forests have shown positive outcomes for invertebrate and amphibian diversity, often
supporting a range of species not commonly found in agricultural landscapes. Felton et al. [58]
observed that plantations provide habitats for reptiles and amphibians, particularly in regions where
patches of natural vegetation remain intact. Additionally, two studies found that planted forests
provide habitat for critically endangered ground beetles [41,56].

Evidence of negative impacts of planted forests on biodiversity relate to the limited number of
planted species [75,76] and low biodiversity of key faunal taxa [70]. Planted forests managed for
timber production generally have different growth stages, and these varied seral habitats support
higher biodiversity than single aged stands. For example, Sharps et al [85] found that the Nightjar, a
bird species of high conservation value, preferred nesting in young pine plantations in ...., probably
for the ease of capturing prey, rather than in old plantations where there is a higher abundance of
prey. Irwin et al. [87] observed that planted forests with different species composition offered a higher
biodiversity conservation value than semi-natural woodlands. They suggested that management
operations promoting semi-natural characteristics in planted forests could enhance and maintain
biodiversity in the landscape. Most large industrial plantations have a mix of age classes but
managing for different ages at finer scale may enhance plantation conservation values.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202604.0977.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 April 2026 d0i:10.20944/preprints202604.0977.v1

Some planted forests of exotic tree species supported an understory of indigenous plants and
faunal biodiversity resembling to the natural forests in the region [48,59,60]. This effect has been
actively promoted for native forest restoration (Lugo 1992; Keenan et al. 1997). Plantations of early
successional species can improve the degraded site and ‘facilitate’ the restoration of land with natural
vegetation. For instance, in pine plantations native shade tolerant species commonly found in forest
understories gradually become more dominant with plantation age [48,62]. However, the species
diversity in a reforestation site with a single native or exotic tree species planted depends on available
seed sources and conduciveness of the microclimate to natural regeneration. Kamo et al [61] observed
a higher diversity of understory plant species in forests planted to single native or exotic tree species
in sites near natural stands, than in grassland.

Although planted forests can support increase plant biodiversity, they also present challenges,
particularly in terms of species diversity. Under intensive management, the natural regeneration of
native species is discouraged to reduce competing understory and have a high-density canopy with
little light reaching the understory generally have relatively little natural regeneration [63].

3.2. Planted Forests and Climate Mitigation

Carle and Holmgren [40] estimated that planted forests sequester about 1.5 Gt of Carbon per
year globally and further about 0.5 Gt of Carbon per year stored in long-term wood products from
the planted forests. However, carbon stocks and the carbon sequestration rates in the planted forests
are not uniform across the globe, and the amount of carbon sequestered by planted forests depends
on the extent and scope of the plantations as well as on the previous land use, species, growth rates
of both above and belowground biomass, climatic conditions, management regime as well as the
forest disturbances due to natural and anthropogenic causes [97-100]. Some studies suggest that
species diversity can increase forest growth and carbon sequestration [101] whereas others indicate
that monocultures sequester more carbon than diverse plantings [102-104]. In a meta-analysis
comparing climate benefits of two plantations, Hulvey et al. [105] found that plantations of diverse
species sequester at least as much or more carbon as plantations of single species. In mixed species
plantations, the increase in stand biomass is primarily attributed to incorporation of nitrogen-fixing
tree species, but partitioning of light and soil profile use by different species may also be important
[105].

Planted forests that are established after clearing of natural forests generally have lower carbon
stocks than the replaced natural forests depending on the time frame and management [23,106], due
to lower average carbon stock in living biomass and loss of carbon from the soil carbon pool during
establishment. For example, 28% reduction in soil carbon stock was reported in the planted forest
following clearing and establishment of plantation in the natural forest [23]. However, Chen et al.
[106] recently observed no significant difference in carbon stock at the ecosystem level between
planted and natural stands of Masson’s pine (Pinus massoniana Lamb.) across different age classes. The
planted forest had low soil carbon but this was compensated for by the higher carbon stock in the
above ground biomass than in the natural stand of Masson’s pine.

While natural forests are still being to planted forests, the larger proportion of planted forests
are established on land that was previously not under forest cover [4]. Planted forest established on
degraded land or cropland will generally result in more stored carbon due to higher above ground
biomass in the trees, forest floor, dead wood and root biomass [107]. Soil organic carbon may be
higher, but this depends on the previous land cover, conversion of grasslands to planted forests
generally results in lower soil carbon but planted forests on converted cropland generally have higher
soil carbon. Lower soil carbon stock in planted forests is primarily attributed to the disturbance to
soil before establishment of plantations and relatively high inputs of soil carbon in productive
grasslands [108].

For planted forests used for wood production, long-lived harvested wood products can act as
carbon sinks, often remaining in use or in landfill for over 100 years [109]. However, the quantification
of carbon stored in harvested wood products is challenging. The different simulation methods used
for accounting GHG emissions from the harvested wood products provide different results according
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to the assumption and decay function applied [110]. In the USA, it has been estimated that about 23
% of softwood timber remain in use after 100 years [111].

Biomass from sustainably managed forests is recognized as an important renewable and
sustainable energy source and can reduce GHG emissions by substituting fossil fuel. There is an
increasing global trend of the large-scale use of planted forest for bioenergy. For example, 26 sampled
countries demonstrated a gradual increase in the planted forest areas for bioenergy since 1990 [112].
The European Union’s energy policy has explicitly adapted and promoted forest biomass as one of
the major strategies to reduce dependency on fossil fuel to reduce GHG emissions by at least 20% in
2020 to the 1990 level [113]. A study suggests that forest biomass contributed nearly 50% of the total
energy need in the EU in 2010 [114]. This suggests that the demand for forest biomass from planted
forests for energy is likely to grow.

3.3. Provision of Water— Quantity and Quality in Planted Forests

The literature indicated that while planted forests can improve water quality, reduce soil
erosion, and aid in flood mitigation, planted forests in former pasture or croplands can increase
evapotranspiration and reduce stream flow and water available for other uses, such as irrigated
agriculture, human consumption, or the environment. The adverse effects of planted forests on the
hydrological yields of watersheds have been documented in drier regions of South-eastern Australia,
South Africa and Latin America [43,116-118]. In northern Uruguay, afforestation of one quarter of a
large watershed (~2000 km2) originally occupied by grasslands showed a significant reduction in
available water, mainly in summer [118]. Evapotranspiration from planted forests of Eucalyptus
grandis was over 80% higher than grasslands across all sites in Central Argentina [119]. Fahey and
Jackson [124] reported that plantations cause higher increases in surface runoff while reducing
evapotranspiration than in the natural forests.

Differences in water usage between forests and herbaceous vegetation such as pasture or
agriculture can be attributed to the following factors. Firstly, forests tend to absorb radiation leading
to increased evapotranspiration. Secondly forests typically have a capacity for capturing rainfall due
to their more persistent leaf area and rougher canopy surface. Finally, unlike pastures and many
agricultural crops forests often possess root systems that allow them to draw water from deep in the
soil profile or groundwater. This enables trees in forests to maintain rates of water usage during drier
periods of the year [123]. The potential reduction in runoff due to planted forests depends on the
actual annual rainfall within the plantation area. In fact, the net cumulative effect will be higher in
high rainfall areas and in areas with a relatively low mean annual rainfall; new tree plantings will not
have a sizeable effect on water availability and stream flow [120-122].

Several recent studies examined the impact of plantations on water quality and quantity
focusing on their location species diversity and management practices [15,16,118,120-122]. These
studies indicated that planted forests consume more water compared to grasslands, pastures or
agriculture and can reduce the amount of water in streams and groundwater, but these effects vary
widely. Factors influencing effects of planted forests includes topography, stream flow and source of
ground-water (local or regional aquifers system).

These findings highlight the dynamic and complicated relationship between plantations and
water resources in working landscapes. Figures for water use by five different land uses and potential
ground water recharge in southeastern Australia are presented in Table 1. Jackson et al. [118]
analyzed the stream flow data from over 504 catchments and observed a significant decrease in the
stream flow within a few years after establishing plantations in the catchment and estimated the
impact on the water cycle for up to 20 years. However, Ferraz et al. [16] demonstrated the win-win
potential of increasing productivity and water conservation goals in planted forests with appropriate
management strategies at three scales — macro-, meso- and micro-scale.

The available literature suggests varying impacts of planted forest on water that are determined
by the water use efficiency of the species, the topographic and climatic features of the planted site,
rainfall and forest management [15,16,120,121]. To minimize negative impacts on water provision,
plantation managers should select an appropriate combination of species and planting density based
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on their water requirements and site characteristics, rainfall intensity and forest management
objectives and operations [16,118,149]. These highly varying impacts of planted forests on water
indicates the need for ongoing research on this topic.

Table 1. Average water use (mm year"') by mean annual rainfall for various land uses in southeastern
Australia (from Benyon et al. [121,122]).

Mean annual rainfall (mm year-1)

Land use/ potential ground water recharge

500 700 900

Forest generic average 480 640 780

Potential ground water recharge 20 60 120
Plantations (long rotations ~30yrs) e.g., Pinus radiata 470 620 760
Potential ground water recharge 30 80 140
Plantations (short rotations ~12yrs) e.g., Eucalyptus globulus 460 610 740
Potential ground water recharge 40 90 160

Mixed species environmental planting 460 605 n/a
Potential ground water recharge 40 95 n/a
Crop/pasture 410 520 600

Potential ground water recharge 90 180 300

3.4. Reduce Pressure on Natural Forests

Natural forests are facing pressure from the increasing demand for land for agricultural, mining,
infrastructure development and growing demand for wood in the global market. These factors are
driving deforestation of natural forests in many parts of the world, mainly in the developing
countries in South-East Asia, Central Africa and South America. Although deforestation has
decreased in recent years [125], the negative consequences of ongoing deforestation are well
documented, including effects on human wellbeing, loss of biodiversity and contribution to climate
change through increased carbon dioxide emissions [126,127]. Rates of forest degradation are also
high, due to impacts of wildfire, drought, heat stress, storms, unsustainable logging and intensive
grazing.

However, the global increase in planted forest area by an average of 4.4 million hectare per year
between 1990 and 2015 has offset to some extent the loss of natural forest (9.6 million hectare per
year) and the benefits and services they provide [125]. The net loss of natural forests also dropped
from 7.3 million hectare per year in the 1990s to 3.3 million hectare per year between 2010 and 2015.
This has taken pressure of natural forests. For instance, the ITTO estimated that industrial plantations
in 16 member countries have led to a total sustainable wood production of 684 million m3 per year
[141]. This study found that if the equivalent forest products were derived exclusively from poorly
managed natural forests, it could lead to degradation or deforestation of approximately of 1.1 million
hectare of natural tropical moist forest.

Many other studies have shown that the intensively managed planted forests can produce
higher quantities (perhaps 10 — 20 times) of wood fibre per unit area than managed natural forests
[36,128,129], depending on the site quality, plantation productivity, management regime and choice
of species, [36,140]. For example, in 1997 Sedjo and Botkin [37] claimed that planted forests could
theoretically satisfy global wood demand from five percent of the world’s forested area. Planted
forests now supply a large of industrial roundwood reducing pressures on natural forests
[20,129,130]. In 2012, it was estimated that planted forests in 78 countries produced 562 million m? of
industrial roundwood, about 46% of global supply [131]. Conversely, increase in production of
planted forests and associated industry development placed more harvesting pressure on natural
forests. For example, in Chile because the emergence of an international market for low-value
hardwood, particularly in Japan [131].

The significant time lag between plantation establishment and wood production means that a
transition from natural forests to plantations cannot occur quickly. In Australia it took 30 years for
softwood plantations planted from 1960 to 1990 to begin producing wood and provide most of the
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wood supply to the local forest products industry. It is also difficult to assess how changes in
production from one forest will impact production from others due to the presence and interplay of
many regional and global wood markets. For example, the rapid increase in planted forest area in
China has not led to an overall reduction in consumption from natural forests, with China also
becoming the world’s largest importer of natural forest logs [REF].

Other recent studies on the global production of industrial roundwood have predicted an
increase in supply from planted forest [40,137-139]. The projected future share of industrial
roundwood coming from planted forests varies considerably in these studies due to differences in
the modelling approaches and the assumptions used. However, all these studies indicate an
increasing trend of industrial roundwood production from planted forests substituting for wood
supply from the natural forests and, eventually, reducing pressure on natural forests. They depend
on an increasing the rate of expansion of planted forests for wood production. This will be
constrained by high agricultural land costs in developed countries and competition for degraded
land in developing countries from local communities for agriculture, commercial investors and
conservation interests. Cost of capital and availability and cost of labour will also be a constraint and
securing investment has emerged as a future challenge for planted forests. Increased land and
management costs have significantly reduced the return from the investment in planted forests
(Cubbage et al., 2014). Policy requirements, certification and standards for sustainable forest
management are adding additional costs (e.g., Masiero et al. [148]). Given these constraints, supply
of timber from sustainably-managed natural forests will be needed for some time.

4. Discussion

This study examined environmental impacts and benefits of planted forests, particularly in
supporting biodiversity, climate change mitigation, and reducing the pressure on natural forests. The
findings emphasize that while planted forests provide significant environmental benefits, they face
challenges in addressing environmental problems and future human needs. This section discusses
practical approaches to maximize the positive impacts of planted forests and their role in sustainable
forest management and conservation efforts.

4.1. Enhancing Conservation and Environmental Contributions of Planted Forests

While some forests are planted for ecological restoration with the aim of re-establishing fully
functioning natural forests, many planted forests will have quite different ecosystem characteristics
to natural forests, including tree species diversity and forest structure (tree density, age-class
structure and size of the largest trees). Despite these limitations, evidence supports a positive role for
planted forests in conservation of biodiversity that can be improved by: 1) using mixed and native
species plantings [83,84], 2) maintaining a range of plantation ages in a landscape [85], 3) conserving
areas of old plantations [86], 4) improving connectivity and corridors for fragmented natural
vegetation within a plantation estate, 5) management operations in a way that promotes habitat
benefits, for example, maintaining native understorey species, dead trees and dead wood [87] and 6)
promoting natural regeneration of trees in planted forests and encouraging development of mixed
natural forest [88,89].

These approaches are more suitable where the primary goal is ecological restoration but could
provide a means to better integrate wood production and conservation. Asaeda et al. [84] observed
important differences between natural mangrove forests and stands planted with a single species.
Therefore, they suggest planting a mixture of species including dominant native species at wide
spacing so as to support tree growth and regeneration. Spake et al. [86] highlighted the role of age,
mixed species and basal area of old planted forest (ca. 180 yrs) in achieving and maintaining a similar
biodiversity of ectomycorrhizal fungi to that of the older, planted forests. However, this study
signifies that old, planted forests with mixed species could provide a similar ecological environment
and biodiversity of microbial communities to that in old growth forest.

Planted forests can be designed to protect or conserve natural forests with the aim of supporting
biodiversity conservation and ecosystem services. In Sumatra, Indonesia, Acacia mangium has been
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planted to retain up to 26% of the area under natural forest, and if appropriately designed and
managed, these areas can assist in the conservation of primates and other species [90]. The
conservation of a specified percentage of forest has become a mandatory requirement under a
certification scheme. For example, the Forest Steward Council (FSC) requires at least 10 per cent of
areas within planted forests to be allocated for conservation purposes. Hence, planted forests can be
coupled with natural forests for conserving biodiversity and providing a variety of ecosystem
services [91,92], although this concept is sometimes controversial [93].

4.2. Increasing Wood Supply from Planted Forests

Increasing timber supply from planted forests is supported by the government policies through
encouraging plantation development, increased investment, management intensity and production
capacity and technological changes that favor processing of smaller, more uniform logs of preferred
species. In Uganda, the commercial timber plantations have reduced use of forest products from
natural forests by 15.5 % [132]. The harvest of natural forest in New Zealand has ceased completely
due to timber supply from planted forests [133] and in Australia about 80 % of total wood supply to
industry comes from two million ha of planted forests. About 19.5 million m3 of softwood and
hardwood were harvested from planted forests in 2012-13 [134]. In the Philippines, mangrove
plantations have also permitted some reduction in pressure on harvesting of forest products from
nearby natural forests [135].

To meet the growing demand of industrial roundwood, the annual planted forest area has to be
increased more than the current annual average of 3.3 million ha. Currently, just 20 countries account
for about 85 % of the planted forests globally and another 20 countries supply about 87 % of global
wood supply [142]. This data indicates that many countries could potentially increase the area of
planted forests and manage them for sustainable supply of wood products, meeting the demand for
industrial roundwood and wood fuel. The fuelwood supply from plantations helps reduce the
pressure on natural forests in the developing countries.

Climate change mitigation needs may drive increased production of commercial wood from
planted forests. Plantations established on agricultural or degraded and harvested and replanted
over the long-term have higher average carbon stocks than cleared agricultural land and therefore
remove carbon from the atmosphere [REF]. Second, wood products utilized in building construction
and other uses store carbon for extended periods. Thirdly, if the commercial timber substitutes for
high-energy intensive materials such as aluminum or steel, there are reduced GHG emissions
through displacement [REF].

4.3. Improving Water Outcomes from Planted Forests

The literature suggested some negative correlation between the planted forests and the
provision of water, particularly in lower rainfall regions. This is largely attributed to increased
evapotranspiration by the trees and the land and trees’ ability to access the deep water or ground
water through their root systems. To avoid negative impacts on water, plantation design should
consider the topographic and climatic features of the planted sites including rainfall, species
selection, the extent of catchments planted and the forest management system [REF].

4.4. Future Challenges

Key challenges for the future management of planted forests to achieve these goals include:

Anticipating and managing the effects of future climate change on planted forests, in particular
the management of fire, disease, insects and other disturbances.

Managing technological changes that will change the requirements for species choice and wood
quality.

Dealing with demographic changes in rural areas will impact on the availability of labor for
intensive management.
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Planted forests require up-front investment and long-time frames until returns flow to investors.
Security of ownership, likely market returns and policy stability are critical factors for
investment.

Demonstration of sustainable management of plantations, through certification, codes of
practice or other mechanisms,

Integration of plantations in agricultural landscapes, and

Increasing the social acceptability of plantations and demonstrating wider social and economic
benefits to local communities.

5. Conclusions

This study reviewed the environmental benefits and impacts of planted forests in terms of
climate change benefits, biodiversity conservation, the provision of water and the role of plantations
in reducing pressure on natural forests. Findings indicate that planted forests, particularly those
established on degraded or agricultural land, can contribute positively to climate change mitigation
through significant carbon sequestration and storage, both in biomass and long-term wood products
and in reducing pressure on natural forests, although the latter can take some time to achieve. Many
studies highlighted the capacity of planted forests to provide benefits for biodiversity conservation,
including habitats for endangered and threatened species; higher species diversity of amphibians,
birds, mammals, and leaf-litter invertebrates compared to surrounding cleared landscapes and as
buffers and connecting elements for natural forests, thereby playing a supportive role in biodiversity
conservation through reducing the risk of deforestation and forest degradation and providing
corridors for connecting different habitats.

Overall, we conclude that planted forests, when designed and managed, in part, for biodiversity
and climate goals, can serve as valuable assets in supporting ecological resilience and reducing
anthropogenic pressures on natural ecosystems. Further research and adaptive management
strategies will be essential to maximize these benefits and address ongoing challenges in sustainable
plantation forestry.
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