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Abstract

The knowledge and experiences in forest management requires the need for response
to global change ecology and its interacting factors. This paper reviews the main
perceived challenges that climate change poses to forests and global environment. At
a global level and it is relevant to understand changing natural ecosystems whereby to
all types of forests that include boreal, temperate, and tropical, to various management
objectives (production, conservation, protection and multi- purpose) and to all types of
management platform (public, private and community) are effected by environmental
developments. This review paper addresses (1) Sustainable forestry concepts, (2)
Environmental developments and (3) interacting factors of global change ecology
and initiatives supported by international community with special interest in REDD+
and Carbon Initiatives. Generally, the functions of global institutions such as FAO
enhances the development of models for forest dynamics, integration and analysis
with reference to potential for solving climate change challenges in a global change
ecology perspective.
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Introduction

Generally, the change in global ecology issue will affect almost
all the forest conditions such as forest area, health and biodiversity
and may increase growth rates in some areas while endangering
the survival of species and forest communities in some other areas.
Forest ecosystems are impacted by multiple uses under the influence
of global drivers. The need for providing environmental services,
forest ecosystem services and goods will be greatly influenced by
changes in global ecology, posing some new challenges to forest and
environmental sustainability. Societies are being forced to react to
their perceptions of the real potential impacts of, the change in global
ecology and considered as a result of unsustainable development.
Water and desert lands accounts to only areas of the globe without
forests, however, climate change on ecosystems as resulted to
the development of both forests and environmental policies and
legislation. The key development factor is anchored in sustainable
forest management (SFM), and sustainable development which has
been an influencing factor on the visions for forests, environmental
development and associated principles been adopted by international
community. SFM and sustainable development is aimed to reduce
the risk of damage and possible losses from changing ecological
conditions and also to undertake effective mitigation actions. The
important factor is for the future opportunities to adapt and mitigate
adverse climate change whereby development of ecosystem services
that require monitoring for effective policy implementation. Forests
and environmental development attracts wide range of management
activities that will contribute to maintaining or increasing the adaptive
capacity of global change ecology. Various management actions
are being put in place and contribute to climate change mitigation
through reducing emissions from forests, conserving forest carbon
or enhancing forest carbon sinks. Forest carbon management offers
potential for some immediate financial benefits. In addition, as a
result of global change and climate challenges new international

opportunities for financial and technical support for climate change
adaptation and sustainable development are emerging.

Forests and global change

The world’s forests are one of our greatest natural assets, providing
innumerable ecological, social and economic services. They are also
under more pressure than ever before, and face the consequences
of rising human populations, the expansion of economic activities,
and climate change. It is therefore vital that we adopt appropriate
management practices to help ensure their ecological integrity and
long-term sustainability in a changing world. Some literatures provided
some strong evidence, understanding and predicting the consequences
of these climatic changes on ecosystems is emerging as one of the
grand challenges for global change scientists, and forecasting the
impacts on forests is of particular importance.'? Forests, here broadly
defined to include.

Forest challenges, environment, sustainable

development and climate change

There are emerging threats to ecosystem functioning and
biodiversity from climate change. Greenhouse gas emissions have
significantly altered global climate, and will continue to do so in the
future. Increases in the frequency, duration, and/or severity of drought
and heat stress associated with climate change could fundamentally
alter the composition, structure, and biogeography of forests in
many regions. Forests, here broadly defined to include woodlands
and savannas, cover 30% of the world’s land surface.> Climate
change is widely accepted as one of the greatest global challenges
today.** Documented on detected impacts, vulnerability and projected
impacts of climate change on forests found that impacts varied across
the continents with some forest types being more vulnerable than
others depicted in (Figure 1). Impacts included increased growth,
increased frequency and intensity of fires, pests and diseases and
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a potential increase in the severity of extreme weather events (e.g.
droughts, rainstorms and wind). Human activities, including forest
conservation, protection and management practices, interact with
climate change and often make it difficult to distinguish between the
causes of changes observed and projected. Deforestation and fires in
the Amazon region, for example, form a vicious circle with climate
change,®” with the potential to degrade up to 55% of the Amazon rain
forests.”®

Figure | Satellite map of Africa, with documented drought-induced mortality

areas indicated with numbers, tied to Table Al references. Upper photo:

Cedrus atlantica die-off in Belezma National Park, Algeria; 2007, by Haroun
Chenchouni. Lower photo: quiver tree (Aloe dichotoma) mortality in Tirasberg
Mountains, Namibia; 2005, by Wendy Foden.Source.*!

Documented evidence as in Lucier A* further reported that it is
very difficult to separate forest area change due to climate change
from area changes due to other factors and has become a serious
global challenge. FAO documented that at global level, planted forests
and natural regeneration have increased the forest areas in some
countries like the United States, Europe, China, and some countries in
Latin America and the Caribbean e.g. Chile, Uruguay, Cuba and Costa
Rica.” On the contrary, FAO, 2009' reported that some countries
in Africa, Asia and the Pacific and the tropical countries of Latin
America continue to be subject to deforestation (Figure 1), mainly
due to conversion to small- and large-scale agriculture and livestock
while deforestation in the boreal forests of Siberia is mainly due to
forest fires. Climate change will increase the risk of frequent and
more intense fires, especially where changing climate is accompanied
by lower precipitation or longer dry periods as in the boreal,"
Mediterranean and sub-tropical forests® and traditional land clearing
practices as in the Amazon.®’ Environmental facilities are land use
based, together with land use changes, however, the effects of land
use changes tends to be devastating - degraded and young forests are
easily converted into agricultural land and pastures.'? However, such
areas will ecologically recover over time.”> Many of the ecological
processes that are needed for tree and other plant and animal species
to live together are influenced by climatic conditions. The importance
of climate for forest ecosystems and their composition and diversity
is exemplified by the various global and regional vegetation
classifications. Global change ecology issue brings about adverse
environmental and human influences. Some forest plant species are
able to adapt better to changing conditions than others, resulting in
changes of composition of forest types, rather than geographic shifts
of forest types.'
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Forest ecosystem services and underlying processes

The Millennium Ecosystem Assessment'® documented that forest
ecosystem services are defined as the benefits that people obtain
from ecosystems. While many ecosystem services can be identified
and are often grouped into four broad types of services,'® evidence of
management and their relation with climate change and human well-
being include productivity, carbon sequestration, soil/water protection
and multiple socioeconomic benefits.

Productivity

Various literatures and documented evidences that include,'*
revealed that the impact of climate change on productivity varies
according to geographic area, species, stand composition, tree age,
soils (mostly water holding capacity), effects of CO2 and nitrogen
fertilization are based on interactions between geographic area,
species, stand composition, tree age and soils factors. However,
natural disturbances often decrease forest area, but through the
damage on standing trees, also decrease productivity.”>=?

Carbon storage and sequestration

There is an important interaction between carbon storage and
sequestration by forests and changing temperatures and precipitation.
On the one hand, the more carbon is stored in forests; less will be in
the atmosphere. Increasing this stock will thus contribute to reducing
the rate at which the global temperature is increasing. This relation has
become extremely important in the climate change discussions and
many tropical countries are preparing themselves to reduce emissions
and increase forest carbon stock in order to capture part of the funding
pledged for GHG emissions reductions. On the other hand, increasing
temperatures longer dry seasons and increasing CO? concentrations in
the atmosphere in the long term, are expected to reduce the capacity of
forests to store and sequester carbon, possibly converting forests from
carbon sinks to carbon sources.”?**2* Forests provides wood and non
wood forest products which has been documented in its definitions
and benefits as harvests of non wood forest products (NWFP) have
three major functions: provision of part of the daily necessities of
forest dependent people, off-farm income and a safety net in times of
adverse conditions for agricultural production. Suggest that climate
change will have impacts on the productivity of NWFPs and that
NWFP users will largely be impacted through increased pressure
on forest products from people that look for emergency supplies or
alternative ways of income.

Frontal challenges, opportunities and constraints
posed by global change ecology to forest environmental
management

The global change ecology issues posed a serious threat to both
forest environmental and of larger concern thereby poses new
challenges, opportunities and constraints for forest environment
management. These include changes in:

a. The natural environment, which is the basis for forest
sustainable management.

b. The socioeconomic environment, particularly where local
people depend heavily on the goods and services from forest
ecosystems.

c. International and national policies and legislation, such as
REDD+ agreements, land tenure agreements.

d. The markets, such as the carbon market, and
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e. Relations between different stakeholder groups, exemplified by
the increased recognition of Indigenous Peoples.

These changes pose challenges for forest users. In some cases,
they may be opportunities while in other cases they may constraints.
This will depend on the user, type of use, geographic location and
the current local socioeconomic and political situation. FAO have
endorsed the concepts seven thematic elements for SFM.

Summaries of changes in the natural environment that
influences forest environment Strengthen adaptive
capacity of forests

Current forest composition and structure are however, the result
of past changes in climate and shows that forests and their species
have an inherent capacity to adapt to change. The main differences of
current climate change with historic changes are the increased rate of
these changes and the degraded and fragmented state of the remaining
forests, which reduces the capacity of the species and ecosystems
to adapt.”® The challenge is to help species and ecosystems to adapt
to climate change while at the same time ensuring that ecosystem
services are maintained. This will require the Identification of the
changes to which the forest will need to adapt. Locally, changes may
be disastrous, unless climate, ecosystem and species changes are
accompanied by adjustments in the local social and economic systems.
New challenges include the identification of those species groups
and ecological processes that are essential for the most important
ecosystem services.”* Documented and suggests that maintaining
functional diversity and composition will preserve ecosystem
services, while others found that different functional groups will react
differently to environmental changes,?! indicating that climate change
may favour some functional groups over others.

Changes in socioeconomic environment

Risk of migration into forest areas

Climate change will affect all people but in particular, rural people
that depend on nature for their livelihoods, and poverty stricken
communities in the urban-rural interface that are often subjected to the
consequences of extreme weather events. Climate change is expected
to change the aptitude of lands for specific crops, cause problems of
droughts, fire and flooding and may drive many people from their
lands. These people are likely to either go to cities to look for jobs,
often adding to urban poverty, or to other rural areas to look for other
lands where they may be able to continue their agricultural livelihoods
or find employment in the agricultural sector.’>-3

Land tenure and other forest right issues

Deforestation and forest degradation in tropical and some of
boreal forests are serious problems that contribute to the emission
of greenhouse gases as well as to the fragmentation of forests.
Deforestation and degradation have a series of direct and underlying
causes,>=® but none of these can be resolved if land and forest tenure
are not clear or are not enforced.””* State land is more frequently
subject to conversion into agricultural land than privately owned land.

Changes in policy environment
REDD+ expectations

Probably one of the more notable short-term changes in the
policy arena is the discussion of GHG emissions reduction through
REDD+ and management, conservation and restoration of forest
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carbon stocks. Large sums of money have been pledged against the
demonstrable reduction of GHG emissions through REDD+, but
so far, no international agreement has been reached on emissions
reduction targets for developing countries. Further, in many pilot
projects, measurable results have been interesting but financial
benefits limited. REDD+ expectations are manifold, depending on the
interest group. Climate change will increase the challenge of designing
and implementing new legislation that considers new international
agreements, conflicts of interest in forest areas, as well as the need
for coordination with other sectors. This may involve legislation on
land and forest tenure, indigenous rights, the production of fuels and
land use planning including restricting the access and use of certain
areas or of some species, due to the risk of climate change impacts
or the need of soil and water protection or maintenance of biological
corridors.

Forest and environment in the context of global
change in the future initiatives

The previous sections review the potential effects and significance
of climate change on the forest sector. These impacts have varying
consequences and are dealt with differently by forest managers. In
this section, the possible operational options available to forest
managers for addressing climate change mitigation and adaptation
are assessed. In addition, the extent to which these options are being
applied by forest managers is discussed, with the help of case studies.
These examples, although not necessarily due to climate change, give
good indications of what managers perceive to be good solutions to
potential future changing climatic conditions.

REDD+ framework initiatives

Many of the actions oriented towards mitigation of climate change
through REDD+ have a strong potential for synergies with actions
oriented at strengthening the adaptive capacity of forests, in particular
if such actions consider ecological safeguards, such as biodiversity
conservation. Forest monitoring is very useful to detect changes due
to climate change, natural disturbances or human activities. REDD+
is an international mechanism aimed at avoiding deforestation and
forest degradation, promoting sustainable forest management and
conservation or enhancement of the forest (carbon stock). The
innovative part of REDD+ is the broad international attention and
the funding potentially available for the resulting strategies, the focus
on carbon rather than on wood and NWFPs, and the recognition
that the solution lies in an inter-sectoral approach rather than only
within the forest sector. Because of the expectations REDD+ has
raised, there are many actors involved, some of them seeing REDD+
as a means to strengthen their own agenda, developed over years or
even decades. Foresters see REDD+ as a means to bring forestry for
timber management back on the foreground while conservationists
focus on opportunities for protected areas. Many NGOs hope to
be able to strengthen community forestry, while some indigenous
people’s organizations view the negotiations on REDD+ as a chance
to finally receive formal recognition of their traditional rights. Many
of the activities proposed under the REDD+ mechanism are not
new but may be differently focused. The aim is to reduce emissions
rather than produce specific products or conserve biodiversity. In
addition, successful projects have clarified land, forest and carbon
rights, recognizing legitimate claims of the different stakeholders,
establishing acceptable cost and benefits sharing mechanisms and
implementing activities to avoid negative social and environmental
impacts, figure 2 shows functional and basic technical requirements
pilot carbon initiatives.
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Functional and Basic technical requirements pilot carbon initiatives

Currently, REDD+ oriented mitigation projects need to provide information on their
baseline stock of carbon; propose future scenarios of carbon flows; show additionality and
permanence; and reduce leakage.

Attributes of D+

©=—=> Permanence: whenthe risk of losing the carbon stock throughun-expected
eventisvery small. Inmany REDD+ countries, permanence is
achieved through the integration of local people in
conservationand monitoringas well asthrough
patrolling and fire, pest and disease management practices.
Particularly in hwrricane prone countries,

= Additio Ety Wwhen projects wi YOUId NOLNAVE OCCUITE WIROUL the assistance
technical or financial) of the buyer of credits. Previous
dl.fﬁculhesm implementation may have been dueto lack of
cial return; lack of investment money; lack of technical
knowhow or assistance; etc

——>Leakage: 1s when defore station or fm'en degradingactivitiesn the forest
tobe d for aremoved to subject

to carbonmanagement as aresult of the proposed mitigation
activities.

Figure 2 Functional and basic technical requirements pilot carbon initiatives.
Modified from Allen et al.*!

Very few of the projects have been designed to fit into national
REDD+ strategies. However, lessons can be learned from the existing
project experiences for implementation of the future strategies. Forest
managers will most likely have to deal less with eliminating the
underlying causes of deforestation and degradation, since many of
those relate to policies, markets, culture and demographic factors such
as population growth and migration. The major tasks for the forest
manager within a national REDD+ framework will be management
and monitoring of the carbon stock. Managers will be motivated to do
so if they perceive benefits from it, usually in the form of extra income
and increased access to technical assistance and technology.

The clean development mechanism and other carbon
initiatives

As documented by Allen AK et al.*! that as early as 1995 the
European Union set up the European Trading System (EU ETS),
which puts a cap on the country emissions but allows EU countries
to trade with other countries whose emissions remain well below the
cap. Then in 1997, the Kyoto Protocol (KP) was adopted, although it
did not enter into force until 2005. As of September 2011, 191 states
have signed and ratified the protocol. Under the KP, 37 countries
(Annex I countries) committed themselves to reducing their emissions
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to a level below that of 1990 and all member countries gave general
commitments. They also agreed that countries that have not been able
to meet their quota may compensate part of that by either setting up
‘joint implementation’ projects with other Annex 1 countries, or invest
in Clean Development Mechanism (CDM) projects in developing
countries (Non-Annex 1 countries). Of the latter, afforestation and
reforestation are the only forms of forestry projects eligible. None
of the tree or forest carbon offset projects however, are formally
recognized within the framework of the ETS. Thus, options for
forest carbon trade are limited to the voluntary markets and over the
counter trade. In addition, funding is available to finance the costs of
developing countries to prepare themselves for Reduced Emissions
from Deforestation, Forest Degradation, forest conservation and
sustainable forest management (REDD+). The delivery of funds to the
countries has however, not reached expectations. Only around 1.5%
of the CDM projects, for example, are forestry projects, while at the
same time, prices on the voluntary markets fluctuate with expectations
of future demand but are very low.

CDM projects

Most carbon initiatives are either related to the CDM scheme or
set up in a similar manner. These projects, with a few exceptions,
are oriented toward sequestration of carbon. Trees are planted and
a commitment is made to maintain the area under tree plantations
for a minimum period of time, commonly 30years. Although within
forestry circles this is thought to be a reasonable time period, it should
be noted that if after thirty years the trees are cut and not replanted,
in the long term no carbon has been sequestered, other than that used
in long term products (permanence). In addition, the capacity of
most tree species to sequester is relatively low. Official IPCC figures
range from around 1tC/ha/yr to about 10tC/ha/yr. Within the scheme,
requirements for carbon accounting are very strict, raising the costs
of entry and thus limiting the participation of small holders in the
scheme. In voluntary y markets, carbon accounting standards may
vary according to the expectations of the buyer. However, buyers are
increasingly requesting the strict carbon accounting methods approved
by CDM, sometimes accompanied by standards that measure the
social and economic impacts o f these initiatives (Table 1).

Table | Forest and environment: developments in global change ecology future areas for further studies

S.no Key area Broad and defined area for further studies
| Impact Impacts of climate change on the provision of forest and environmental products
P and the subsequent socioeconomic effects, however, require more studies.
2 Ecosystem services and  To identify functional groups essential for the desired ecosystem services and goods in
goods particular areas and to understand how these can be conserved and protected.
3 Forest biodiversity and  The effect of climate change on forest biodiversity and structure in Africa and

structure in Africa

the subsequent effect on attractiveness for tourists of many of the national parks need to be further studied.

Impact of climate
4 change on this
ecosystem service

The impact of climate change on the ecosystem service, however, is still not very well understood,
since different species, different environmental and geological settings and different socioeconomic
conditions may affect the response of this service to climate change.*'

Issues addressed and projected for further direction

i. Terrestrial Ecosystems and landscapes and the biodiversity communities in them are undergoing change at local, regional and global scales

ii.  Drivers of change and emerging threats include climate change, deforestation, forest use, urbanization, thereby spreading global change ecology

iii. There are feedbacks and links between human interventions and environmental development.The future direction of forests, environmental deve-
lopment and ecosystem services framework cannot explicitly address all knowledge and conceptual gaps
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Conclusion

This review is presented with the content of forestry, environment
and global change ecology embracing issues of climate change. It
focuses on the various efforts projected by the global community
such as REDD+ and carbon markets and other initiatives. However,
areas of new direction for further studies are suggested as a major
recommendation.

Other suggestions are presented below:

i. There is great interest among policy makers in the potential
of carbon-based payments for ecosystem services (PES) to
reduce carbon emissions from deforestation and protect forests
in tropical countries.

ii. The further review how forest management is changing or
could change in order to respond effectively to climate change
challenges and opportunities.

iii. The potential impacts of climate on forests vary according to
geographical region and local topography and land uses, but
with only a few exceptions, temperature is expected to increase.

iv. Forest and environment have caused a redirection and focus for
some global change ecology initiatives national, international
and local level such as REDD+, Clean Development
Mechanism (CDM) etc.

v. This paper presents a critical review of current trends in
forestry concerns, development in environmental interactions
in the face of global change ecology.

Generally, the main objective of this review was established and
in line with FAO* stating that the main challenges posed by global
and climate change ecology for achieving the forest and environment
management objectives rather pose some other direction for further
studies are:

a) Improving the down-scaling of global change and climate
change impact models and thereby incorporate more local
information.

b) The potential strengthening effects of poor forest and
environmental management on the impacts of global and
climate change ecology.

¢) Maintaining essential ecosystem services under changing
conditions of global and climate change ecology.

d) Collaborative environmental management to reduce the
negative impacts of the consequences of climate change and
unsustainable environmental developments (e.g. fires and
disease outbreaks).

e) Management of changing water resources.

f) Adaptation of management practices without introducing new
problems.

g) Management of human migration due to the impacts of climate
change elsewhere.

h) Adaptation of legislation to the demands of a changing world:
in particular defining and protecting the rights over valuable
products of ecosystem services, such as carbon.
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i) Adaptation of forest management to new market conditions, at
the same time ensuring ecological integrity and social benefits.

j) Management of forests and trees as part of dynamic landscapes,
in which forest managers interact with their neighbours in
search for synergies and sustainable land management.
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