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Tropical forests play a critical role in the Earth system;
however, tropical landscapes have changed greatly in
recent decades because of increasing demand for land to
support agriculture and timber production, fuel wood,
and other pressures of population and human econom-
ics. The observable results are a legacy of persistent
deforestation, forest degradation, increased wildfires
and loss of biodiversity, allied with losses of original
forest lands and high CO, emissions in the atmosphere.
Besides these long-standing human pressures, tropi-
cal regions now have unprecedented vulnerability to
climate change.

Over the past two decades, global forests removed
from the atmosphere approximately one-third of the car-
bon emitted globally from the burning of fossil fuels [1].
Over the period 1990-2007, the estimated average car-
bon sink in global forests was 2.4 + 0.4 PgC yr' (2.4 bil-
lion tons per year; Figure 1). Understanding the causes
of the forest carbon sink is necessary to both manage
forests for their carbon value and project the future
contribution of forests to the carbon cycle, which may
be affected by many factors such as drought, natural
disturbances and land-use changes.

In the tropics, intact forests (those not affected sig-
nificantly by land-use changes or harvesting) remove
more than 1.0 PgC yr'! from the atmosphere on average,
almost as much as the combined removal by temperate
and boreal forests (Figure 1). Tropical forests that are
affected by land-use change and harvest are even more
dynamic, emitting almost 3.0 PgC yr' from deforesta-
tion and forest degradation on average, and taking up
approximately 1.6 PgC yr' in regrowth and recovery.
Emissions from land-use change in the tropics appear
to be declining significantly from their high of approxi-
mately 1.5 PgC yr! during the 1990s, to a current rate
closer to 1.0 PgC yr! [2].

In contrast to the decadal averages, the magnitude of
the global land sink (which is almost entirely attributed
to forest land) is highly variable from year to year, rang-
ing from 0.0 to 4.0 PgC yr" in some years [1,3]. This high
variability of the global land sink is inferred from the
high interannual variability of the growth rate of CO,
concentration in the atmosphere, which is correlated
with annual or periodic variations in global weather
patterns, such as droughts that are associated with El
Nifio/La Nifia and other cycles. Natural disturbances
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Tropical forested wetlands, includ-
ing forested peatlands and mangrove
forests, deserve special attention
because of their extremely large
carbon stocks and vulnerability to
climate and land-use change. Glob-
ally, CO, emissions from drained
peatlands constitute approximately
25% of all emissions from land-use
change, despite occupying only 2 or
3% of the area of tropical forests; in
southeast Asia alone, CO, emissions
from draining peatlands contribute
Total
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the equivalent of approximately 2%
of current global CO, emissions
from burning fossil fuel [8]. Because
of their high deforestation rate and
large emissions, tropical peatlands
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are increasingly targeted for climate

Likewise,

mitigation efforts [9].
mangrove forests occupy only a very
small proportion of the tropical for-
est area, but contain very high car-
bon stocks and are highly threatened

Figure 1. Average annual change in carbon stocks. Negative numbers indicate emissions and

positive numbers indicate sinks.
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Data taken from [1].
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by conversion to other land uses such
as shrimp farming. Mangroves con-
tain an average of 1023 MgC per ha,
much of which is contained in deep

also affect the long-term trend and interannual vari-
ability in tropical forest carbon emissions and sinks. For
example, global fire emissions have increased substan-
tially since 1960, with much of the increase attributed to
burning forests and peat soils associated with deforesta-
tion in the tropics [4]. Interannual variability in fire emis-
sions is high and is linked to the El Nifio/La Nifia cycles,
which have a particularly large impact on drought in the
peatland areas of southeast Asia [s]. There are impor-
tant interactions between fire and land-use change, not
only in the drained peatland areas of southeast Asia,
but in Amazonia, where the incidence and severity of
wildfire is influenced by the nature of agricultural land
management following deforestation [6].

Like wildfire, drought has the potential for highly
significant impacts on tropical forest growth. The 2005
Amazon drought reversed a large long-term carbon sink,
with the impacts being greater where the drought was
most intense [7]. If the incidence of drought increases as
projected by several global climate models, reduced car-
bon uptake and transfer of carbon from live to dead car-
bon pools may become more significant in the future.
Clearly, the interaction between tropical forests and the
atmosphere is a strong determinant of the magnitude
and variability of the global terrestrial carbon sink.

organic soils such as tropical peat-
lands [10]. It is estimated that deforestation of mangroves
causes emissions of 0.02—0.12 PgC yr', approximately
10% of global emissions from deforestation, even though
they account for less than 1% of tropical forest area [10].

REDD+ is a mechanism proposed by the UN to
facilitate tropical countries’ participation in climate
change mitigation. Global initiatives for REDD+
bring together international efforts to implement cli-
mate change mitigation while protecting ecosystem
services for local residents and indigenous populations,
and sustaining economic development. The process
involves complex interactions among scientists, activ-
ists, decision-makers and local communities. Imple-
mentation of REDD+ requires solid science and a
robust observation system as a foundation for effective
action.

According to the IPCC, conversion of forests to
agriculture and grazing land is the principal driver
of deforestation; and reducing deforestation is the
forestry mitigation option with the largest and most
immediate effect on atmospheric CO, concentration
(11]. REDD + requirements include monitoring systems
that can accurately track the effect of forestry miti-
gation actions, and monitoring programs to support
REDD+ are still evolving as countries grapple with
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implementing the appropriate methods under varying
national circumstances.

€€ theinteraction between tropical forests and the
atmosphere is a strong determinant of the magnitude and
variability of the global terrestrial carbon sink. 7

This is the first of two Mini Focus issues of Carbon
Management. Articles are based on presentations at
a Landscape Ecology Conference sponsored by the
International Union of Forest Research Organizations
from November 2012 in Conception (Chile), titled
‘Sustaining humans and forests in changing land-
scapes: forests, society, and global change’. A special
session aimed to highlight studies of tropical land-use
changes and deforestation, regional carbon budgets,
biodiversity conservation, and forest monitoring; and
provide perspectives for implementing mechanisms
of REDD+. Invited speakers addressed both the sci-
ence and policy of sustaining tropical landscapes in a
world of change. Some of the questions raised at the
conference included:

= What are the most promising monitoring technologies
and how can they be used to improve estimation and
reporting at landscape scales?

* How can the uncertainty of deforestation and fire
emissions estimates be reduced?

= What are the opportunities for sustainable
management of vulnerable ecosystems such as
mangroves?

= Is there enough avoided carbon emissions from
reducing forest degradation to support this as a major
part of mitigation strategies?

= What are some approaches to assess biodiversity,
carbon and human dimensions at the same time when
evaluating REDD + activities?

Papers in this first Mini Focus issue address many of
the key issues for implementing REDD+. Houghton
discusses the past trends and future potential of emis-
sions from deforestation and forest degradation, and
describes how future management of tropical forests has
the potential to temporarily stabilize the concentration
of CO, in the atmosphere [12]. Mudiyarso ez al. write
about why it is important to include tropical wetlands
as asignificant component of climate change mitigation
strategies, especially in southeast Asia, and how mitiga-
tion strategies may also improve local livelihoods [13].
Birdsey ez al. discuss the evolving approaches to moni-
toring changes in carbon stocks to support REDD+,
and describe the utility of combining remote sensing
with field data using different analytical methods [14].
Finally, Schmitt identifies the challenges in classifying
tropical forest types and how development of a com-
mon classification system could facilitate collaboration
among different organizations that evaluate forests, car-
bon and biodiversity [15]. Besides the papers appearing in
this issue, several additional papers related to REDD+
and the themes described in this foreword will appear
in the next issue of Carbon Management.
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