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Abstract Savannas constitute the most fire-prone vegetation type on earth and are a
significant source of greenhouse gas emissions. Most savanna fires are lit by people for a
variety of livelihood applications. ‘Savanna burning’ is an accountable activity under the
Kyoto Protocol, but only Australia, as a developed economy, accounts for emissions from
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this source in its national accounts. Over the past decade considerable effort has been given
to developing savanna burning projects in northern Australia, combining customary indig-
enous (Aboriginal) approaches to landscape-scale fire management with development of
scientifically robust emissions accounting methodologies. Formal acceptance by the
Australian Government of that methodology, and its inclusion in Australia’s developing
emissions trading scheme, paves the way for Aboriginal people to commercially benefit
from savanna burning projects. The paper first describes this Australian experience, and
then explores options for implementing community-based savanna burning emissions
reduction projects in other continental savanna settings, specifically in Namibia and
Venezuela. These latter examples illustrate that savanna fire management approaches
potentially have broader application for contributing to livelihood opportunities in other
fire-prone savanna regions.

1 Introduction

Considerable interest currently surrounds the potential for developed countries to pay for
environmental management services in developing nations in the context of greenhouse gas
(GHG) emissions mitigation and associated activities. In tropical and sub-tropical regions
such projects to date have focused especially on biodiverse, carbon-rich forested systems
and related biodiversity, hydrological and livelihood co-benefits (e.g. Engel and Palmer
2008; de Koning et al. 2011). Relatively little attention has been given to the development of
environmental services projects in other tropical biomes with globally significant mitigation
issues, fire-prone savannas especially.

Savannas, defined broadly as tropical and sub-tropical grasslands with varying densities
of tree cover, are the most fire-prone vegetation on earth. They support about 10 % of the
human population, occupy one-sixth of the land surface and, while rates of land use change
are uncertain, are likely to suffer twice the rate of conversion as for tropical forests (White
et al. 2000; Grace et al. 2006). By comparison with tropical forests, savannas store about
15 % (vs. 25 %) of the total carbon contained in the world’s vegetation and soil organic
matter, and account for a similar proportion (c. 30 %) of terrestrial net primary productivity
(Grace et al. 2006). The lower storage capacity of savannas is largely due to the effects of
frequent fires returning carbon to the atmosphere. The burning of savanna is primarily
undertaken by people for a variety of agricultural, pastoral, and customary management
activities. Between 1997 and 2009 fires in savanna (incorporating grassland, open savanna
and woodland) accounted for 60 % of total global fire emissions; fires from grassland, open
savanna and woodland also accounted annually for 36 % of methane (CH4) and 58 % of
nitrous oxide (N2O) emissions from fire sources globally. Recent studies estimate that
around half of global fire carbon emissions come from Africa, with South America contrib-
uting between 15 and 27 %, and Australia <10 % (Schultz et al. 2008; van der Werf et al.
2010). Figures 1 and 2 below illustrate mean annual global fire carbon emissions and
dominant fire types respectively.

In this paper we first address the development of formal methodological and
regulatory frameworks, and practical experience and challenges associated with
establishing, emissions abatement savanna fire management projects in Australia. We
then explore the potential for implementing complementary projects in fire-prone
African and South American settings, with particular reference to current experience
in Namibia and Venezuela, respectively. Following from this country-specific discus-
sion, we consider what is needed for savanna fire management to reach its full
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potential for supporting sustainable livelihoods globally. In particular, we explore the
potential livelihood benefits of an emissions abatement savanna fire management
approach, and the many challenges that may be associated with implementation. We
conclude by considering what is required to encourage broader acceptance of and
investment in savanna fire management as a robust greenhouse gas emissions mitiga-
tion activity.

Fig. 1 Mean annual fire carbon emissions (g Cm − 2 year − 1), averaged over 1997–2009. This quantity is the
product of the fuel consumption and the burned area within the grid cell, divided by the total area of the grid
cell. From van der Werf et al. (2010)

Fig. 2 Dominant fire type in each 0.50 grid cell based on carbon emissions. Savanna fires include grassland
fires; deforestation includes degradation. Woodland and savanna fires were separated based on the relative
contributions from woody or herbaceous fuels to total emissions, respectively. From van der Werf et al. (2010)

Climatic Change (2017) 140:47–61 49



2 Savanna burning in Australia

2.1 Australian conditions

The savannas of northern Australia occupy 1.9 M km2 and occur mostly under markedly
seasonal monsoonal rainfall conditions, generally receiving an average of >500 mm rainfall
p.a. (See Online Resource 1 for further details on Australian savannas.)

The sparse population, limited infrastructure, and low economic base, has resulted today
in fire regimes in many regional settings being unmanaged and characterised by the frequent
(annual-biennial) recurrence of large (>1000 km2) wildfires occurring predominantly late in
the dry season. An average of ~20 % of Australia’s savanna region is burnt each year
(Russell-Smith et al. 2007), with fire frequencies exceeding 50 % p.a. in extensive higher
rainfall regions (Felderhof and Gillieson 2006; Russell-Smith et al. 2009b).

2.2 National accounting and project-scale savanna burning

Under the provisions of the Kyoto Protocol, Australia’s National Greenhouse Gas Inventory
(NGGI) accounts for greenhouse gas (GHG) emissions from savanna burning specifically
for the long-lived chemical species, methane (CH4) and nitrous oxide (N2O). In accord with
international accounting rules, Australia’s NGGI does not account for CO2 emissions from
savanna burning on the assumption that CO2 emissions in one burning season are negated by
vegetation growth in subsequent growing seasons (IPCC 1997).

An essential premise underlying Australia’s recently developed savanna burning meth-
odology (Russell-Smith et al. 2009a; DCCEE 2012; Meyer et al. 2012) is that reductions in
fire frequency result in reduced GHG emissions because more of the fuel biomass (mostly
grass and leaf litter) is decomposed biologically through pathways that, compared with
savanna fires, produce lower relevant emissions per unit biomass consumed (Cook and
Meyer 2009). In unburnt north Australian savannas, emissions of CH4 and N2O arising from
biological decomposition pathways are likely to be less than 10 % than that from fire (Cook
and Meyer 2009; Jamali et al. 2011).

As allowed for under IPCC rules, Australia’s NGGI accounts for GHG emissions from
savanna burning using a methodology incorporating country-specific parameters and emis-
sion factors (ANGA 2011) (methodology details provided in Online Resource 1).

Recent impetus for the development of nationally accredited project-scale savanna
burning accounting has come from the establishment of Australia’s legislated agricultural
carbon offsets program, the Carbon Farming Initiative. Accredited offsets generated under
the CFI are formally recognised by the Australian Government for trading in voluntary and
existing international regulatory markets, and the national regulatory scheme that took effect
from 1 July 2012.

The approved savanna burning accounting methodology (DCCEE 2012) establishes strict
accounting protocols prescribing all methodological and calculation procedures, vegetation-
fuel type and fire mapping requirements, and use of requisite parameter values, satellite
imagery and acceptable data sources. Key components of that accounting methodology are
that (a) registered project proponents have to provide evidence that they have legal access to
manage the project area for savanna burning purposes—importantly, this does not equate to
needing to own the land; (b) in each project year, carbon credits are generated against the
preceding 10-year pre-project accountable emissions baseline, such that one credit is
generated for each t. CO2-e abated with respect to that baseline; and (c) projects can be
registered for 7 years.
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2.3 Western Arnhem land experience (WALFA project)

Much of the development of Australia’s savanna burning program, including both opera-
tional and scientific aspects, has been derived from experience with the undertaking of the
Western Arnhem Land Fire Abatement (WALFA) project that commenced in 1997. WALFA
operates over 28,000 km2 of indigenous-owned land in rugged, very remote and fire-prone
savanna in the ‘Top End’ of the Northern Territory. (see Online Resource 1 for more details
on WALFA.)

From 2000, the WALFA scientific program incorporated development of a savanna burning
GHG emissions accounting methodology, and associated recognition of the potential for
strategic landscape fire management in the project area to reduce GHG emissions on an
industrial scale. In 2005, a 17-year agreement was reached between WALFA landowners, the
Northern Territory Government, and a transnational energy company, to annually offset
100,000 t. CO2-e from the Liquefied Natural Gas plant for a fee of AUS$1.1 M p.a. (indexed
to 2006). Over the period 2005–2011, effective fire management in theWALFA project area has
delivered substantially in excess of its contracted commitment (Russell-Smith et al. 2013).

With the implementation of Australia’s emissions trading scheme from in mid- 2012 (albeit
with a fixed price during the first 3 years), considerable interest exists for expanding WALFA-
style savanna burning projects in other fire-prone regions of northern Australia. Much of that
interest focuses on lands owned or managed by indigenous Australians. While it is our
contention that, as illustrated byWALFA, it is eminently feasible to (a) operationally implement
strategic fire management at landscape scales, and (b) apply robust and transparent GHG
emissions accounting procedures, far more challenging are the multi-faceted, cross-cultural
requirements for establishing effective and inclusive governance arrangements.

3 Savanna burning in southern Africa

3.1 Background to savanna burning in southern Africa

The savannas of southern Africa occupy c. 10 M km2 (43 % of the landmass) occurring under
markedly seasonal rainfall conditions up to 1750 mm p.a. and extending into areas of lower and
less seasonal rainfall than in Australia and South America due to higher soil fertility (Lehmann
et al. 2011). (See Online Resource 1 for further details on African savannas.)

The use of fire to manage or access natural resources is prevalent for slash-and-burn
agriculture, pasture management, forest product harvesting, pest control, hunting and honey
collection. Communal land tenure with various types of traditional/customary authority struc-
tures comprises the vast majority of the 16 southern Africa nations1 south of the equator.
Together with protected areas, including national parks and gazetted forests, they commonly
occupy the infertile areas. Individualized leasehold or freehold land title is typical of fertile
areas. Savanna burning is regulated, with a few exceptions, by prevention- and suppression-
oriented fire management legislation and policies, maintained since colonial administrations
revoked local burning practices and control (Frost 1998; FAO 2006). Typically, insufficient and
inconsistent land and fire management legislation, administered by centralized governments
with limited capacity, inadequately address the appropriate use of fire on communal lands. The
absence of clearly defined processes, roles and responsibilities for decision-making, combined

1 Angola, Botswana, Burundi, Democratic Republic of Congo, Lesotho, Madagascar, Malawi, Mozambique,
Namibia, Republic of Congo, Rwanda, South Africa, Swaziland, Tanzania, Zambia and Zimbabwe.
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with weak local-level governance and community capacity, results in uncoordinated savanna
burning through much of southern Africa.

3.2 Potential for emissions abatement fire management projects in southern African
savannas—an example from Namibia

There is considerable potential to implement emissions abatement fire management projects
comparable to the Australian initiative in southern African savannas. Suitable conditions for
offset burning projects in fire-prone savanna settings to deliver emissions reductions and
sustainable livelihood benefits are discussed using Namibia, with specific reference to a
landscape-scale strategic fire management initiative in the Caprivi Region, as a characteristic
example of the region.

Savannas cover c. 50 % of Namibia with broad-leafed nutrient poor savannas, supporting
a population of 5–10 persons km−2, occurring in the northeast regions. Customary rights to
natural resources are well established in Namibia and community-based natural resource
management (CBNRM) policy and legislation are well developed. National programs have
established c. 100 legally recognized community-based structures of communal area con-
servancies and community forests (NACSO 2012). In Caprivi Region these provide em-
ployment and supplement livelihoods, through tourism and utilisation of forest products, for
communities situated on communal lands in close proximity to protected areas. They also
play a key role in sustainable wildlife and high value plant management of the region.
Experience from an innovative integrated fire management program (Integrated Rural
Development and Nature Conservation Caprivi Program) implemented between 2006 and
2010 in over 10,000 km2 provides valuable insights into the potential for a savanna burning
offset program in this representative fire-prone setting.

In Caprivi, frequent uncontrolled high intensity late dry season fires negatively impact
Caprivian community livelihoods through loss of life and property (houses, food stores and
fences), and reducing the availability, productivity and long-term sustainability of natural
resources leading to increased poverty (Kamminga 2001: FAO 2011). This scenario is
important for potential savanna burning offset programs as reduction of area burnt annually
and shift in burning seasonality to the early dry season, required for emissions abatement, is
needed for providing sustainable livelihood benefits.

As in the Australian context, controlled burns in the Caprivi Program collectively reduce and
fragment fuel load, creating a landscape of interlinked burnt and unburnt patches and corridors
that minimize the occurrence and extent of late dry season fires. It is quite feasible to deliver
emissions abatement based on this type of communal land use-oriented controlled fire man-
agement in these settings. Countries where frequent (annual/biennial) fires affect >50 % of the
land area, including Angola, Zambia and Mozambique (Archibald et al. 2010), highlight the
potential applicability of this scenario to extensive southern African savanna regions.

To enable savanna burning offset programs, legislation and policies must include provisions
that permit the use of fire by communities under specific requirements and regulations.
Alongside CBNRM policy and legislation, Namibia has provision in existing forestry legisla-
tion for Community-Based Forest Management (CBFiM) structures since 2001. Intended to
empower communities by promoting involvement in fire management, it provides for the
establishment of community committees and allows community members to participate active-
ly in fire management planning and implementation. Despite this enabling legislation, minimal
to no establishment of these structures has occurred due to insufficient government capacity.
Regulation of community burning, consisting of prevention and suppression policies extension
through education/awareness, firebreaks and wildfire suppression training, has typically been
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limited, haphazard and ineffective. Communities have been excluded from decision-making
and the lighting of fires is illegal on communal land without authorization from the Directorate
of Forestry.

The Caprivi Program capitalized on the CBFiM legislation to re-establish fire manage-
ment rights, responsibilities and decision-making to communities, specifically to permit
controlled burning on communal lands. Institutional structures in well-established Caprivi
communal area conservancies and community forests provided straightforward and effective
access to communities and traditional leadership. However, deeply entrenched fire preven-
tion and suppression convictions, lack of skills and knowledge, inadequate local authority
ownership, and skepticism in community ability, are issues that impeded institutionalization
of the CBFiM approach into mainstream government policy and implementation.

The local social organization could be drawn upon to facilitate establishment of fire commit-
tees and programs with relatively easy and direct access to local knowledge and labour. As a
manageable local-level ‘fire management unit’, these institutional structures are ideal for savanna
burning offset programs. With numerous stakeholders and competing land uses, effective and
sustainable CBFiM programs require a medium- to long-term development process. CBNRM
income derived from tourism and forestry products are insufficient for these structures to
independently fund fire management services for the community. Income generated from
emissions abatement represents an ideal opportunity to fund these services to deliver sustainable
livelihood benefits. In Caprivi, collaborative CBNRM management structures involving
neighbouring communities, national parks and gazetted forests facilitated coordination of fire
management at a landscape scale without costly machinery and resources. With many distinct
communities, differing land tenure and uses in southern African savannas, such collaborative
structures are important for establishing effective offset burning projects at landscape scales.

The challenges to implement comparable emissions abatement fire management projects
in southern African savannas are summarised in Table 1 in Online Resource 1.

4 Savanna burning in south America

4.1 Background to savanna burning in south America

Savannas in South America comprise five main biome areas, and cover approximately
26.9 M km2, representing 8–10 % of the global savanna biome, and 16 % of the total area of
the continent (Grace et al. 2006; Chuvieco et al. 2008). Savannas show the most fire activity of
all major land cover types in South America (Dwyer et al. 2000; Di Bella et al. 2006; Chuvieco
et al. 2008). (See Online Resource 2 for further details on South American savannas.)

Fire has also a deep cultural significance and forms part of the traditional practice of
many indigenous peoples in South America. As part of traditional practice, fire is used for
such purposes as clearing forest for cultivation and for paths, visual communication,
deterring dangerous animals, to facilitate hunting and fishing, to cure illnesses, and to reduce
fuel loads for the prevention of large catastrophic fires (Mistry et al. 2005; Rodríguez and
Sletto 2009; McDaniel et al. 2005; FIEB 2007; Bilbao et al. 2009; Pivello 2011).

4.2 Potential for emissions abatement fire management projects in south American
savannas—an example from Venezuela

In exploring the potential applicability of savanna burning as an emissions reduction strategy in
South American indigenous land management contexts, we share our experience in exploring
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fire management options within the upland savannas of Gran Sabana, Canaima National Park,
in the Venezuelan Guiana Shield (see Online Resource 2 for greater detail).

Canaima National Park (CNP) is a region of great value due both to its biological and
cultural uniqueness, and its strategic importance, both politically and economically.
Annually, there are from 1000 to 3000 wildfires in the park that burn approximately
5700–7500 ha (EDELCA 2004); 73 % of these begin in savanna areas and usually reach
riparian and forest margins (Ablan et al. 2005). Potentially severe impacts from these fires
include: the loss of buffer capacity to withstand extreme climatic events, soil degradation,
changes in the water balance, degradation of landscapes that attract tourists, increased
sediment loading of watercourses, alteration of biogeochemical cycles, and loss of biodi-
versity (Bilbao et al. 2009, 2011).

Despite the regulatory environment, Pemón Amerindian people, traditional inhabitants of
the region, use fire in their daily activities, considering their fire practice an essential part of
their cultural identity (Rodríguez 2007; Rodríguez and Sletto 2009). The Pemón rely on their
traditional knowledge to manage fires so as to avoid fires running out of control and causing
significant impacts in forested areas. Their approach is based on repeated burns of small
portions of savanna of different heights (in different stages of succession), which act as
natural firebreaks when fires reach the border of a previous fire. The traditional Pemón
approach is thus to fight fire with fire (FIEB 2007; Bilbao personal observation). In contrast,
fire fighters conventionally use water and beaters (Rodríguez 2007). The conservation
policies undertaken in the past few decades in CNP based on the exclusion of fire, largely
ignore the perceptions, expectations, and knowledge of the park’s Pemón inhabitants, and
have led to serious conflict between the Pemón people and government agencies.

The high incidence of fires in CNP and their detrimental effects on the area’s ecosystems
suggested that stakeholders might benefit from a change of focus from fire suppression to
fire management. In considering what this would mean, a long-term experiment simulating
traditional methods of fire management by the Pemón was initiated in 1999 along an
experimental savanna-to-forest transect. This ecological experiment generated long-term
research results of fire behaviour and its impact on the atmosphere, vegetation and soils of
CNP. (See Online Resource 2 for methodology and more details of results.)

The lessons from this experiment could be directly applied within park management. In
particular, the results indicated that application of a patch mosaic burning system, in which
recently burned patches of savanna would serve as firebreaks, would reduce the risk of
hazardous wildfires, especially in the vulnerable and diverse savanna-forest transitions
(Bilbao et al. 2010). This system closely resembles the ancestral fire management practices
used by the Pemón for centuries (Rodríguez and Sletto 2009). Our scientific knowledge
supports the ecological wisdom of Pemón traditional knowledge and opens up possibilities
for fire management based on patch mosaic burning in Canaima National Park.

4.3 Challenges for emissions abatement fire management projects in south American
savannas

Although the initiatives for participatory management of fire in Venezuela are newer and less
developed than those in Namibia and Australia, we consider that there is significant potential
to further explore emissions reduction savanna fire management opportunities. Certainly, the
management strategies that would work to manage fire in Venezuela have much in common
with those applied in Australia. As in the case of Australia and Namibia, challenges
associated with implementing such projects are apparent, some unique to South America
(see Table 2 in Online Resource 1).
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Already, some actions have taken place to begin to overcome these challenges, as part of
the framework of a project titled “Risk Factors in the reduction of habitats in Canaima
National Park: vulnerability and tools for sustainable development”. A dialogue was facil-
itated, in which the scientific community, resource managers and the Pemón were encour-
aged to reflect on their different perceptions of risk and environmental change (Sánchez-
Rose et al. in prep.). One of the results of these efforts was a greater receptiveness by the
Pemón towards the exchange of their ideas and knowledge with others, when they realised
that the fire experiments being carried out by the research team validated rather than
questioned their fire management practices. Among the representatives of the environmental
agencies we observed indications of increasing openness to other approaches, with greater
recognition and respect for Pemón knowledge and recognition of the need for more
participatory management. The project also resulted in formal agreements of cooperation
between some relevant agencies including EDELCA (the regional hydro-electric company),
INPARQUES and the Ministry of Science and Technology.

Overall, these activities are indicative of the sort of investment in stakeholder engagement
and consultation that may be needed in countries such as Venezuela (Bilbao et al. 2010), and,
indeed, throughout other parts of South America (Mistry et al 2011; Pivello 2011), where
strategies of fire suppression and exclusion are key issues addressed in fire management
policies (Julio-Alvear 2004). The implementation of community-based savanna fire man-
agement is necessary, whether that be as part of an offsets model, another kind of payment
for environmental services (PES) opportunity, or simply towards joint management of fire by
protected area authorities in collaboration with local indigenous communities.

Recently, the Venezuelan Ministry for Science and Technology and Innovation (FONACIT)
approved a second project titled “Fire ecology and Pemón traditional knowledge: Local
solutions for global problems of climate change”. This project aims to build from the ecological
basis of ancestral Pemón fire knowledge to develop tools to support participatory, intercultural
management of fire in Canaima National Park. The project will directly involve community
researchers from Pemón Arekuna people, students and academic scholars, and resource man-
agers (EDELCA and INPARQUES). By linking research with the traditional knowledge
systems of communities, as well as with technical and management agencies, the project is
expected to facilitate a parks management policy that better values the contribution of Pemón
knowledge to ecologically appropriate fire management, with the ultimate expectation of
reducing conflict over fire in the park. Further, the project is expected to support adaptation
andmitigation of climate change in a region in which climate change is expected to be leading to
increasing droughts that promote greater fire intensity and extent (Martelo, 2004; IPCC 2007).

5 Discussion

5.1 Applicability and benefits of emissions abatement savanna fire management

The examples from Australia, Namibia and Venezuela suggest that emissions abatement
savanna fire management is an approach that may have potentially broader application across
the fire prone savanna regions of the world. Savanna management through fire is not only a
possibility, but an effective environmental management tool. Savanna fire management has
been shown to have the potential to contribute to a range of positive environmental outcomes,
including biodiversity conservation, and in so doing has the potential to enhance the capacity of
savannas to support the sustainable livelihoods of savanna based peoples (Russell-Smith et al.
2009b). Indeed, and as the case studies and cited literature describe, knowledge of fire and its
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uses has traditionally informed the management practices employed by indigenous and local
communities living within these landscapes.

At the same time as mitigating climate change, supporting climate adaptation, and
enhancing biodiversity conservation, the case studies demonstrate that emissions abatement
savanna fire management approaches that are community-led and implemented have the
potential to generate social, economic and other benefits for local communities in these
settings. Given the low socio-economic status and significant needs of indigenous and local
communities in the regions described, this is an important feature of the approach. (Table 3
in Online Resource 2 summarises the potential applicability of emissions abatement savanna
fire management in each region, alongside a description of feasible emissions reductions,
biodiversity and livelihoods benefits of the approach.)

5.2 Implementation challenges

Although we consider that the emissions accounting methodology developed for northern
Australia has general application in other tropical savanna regions, we note that substantial
further work may be required to (a) access or develop reliable seasonal fire, and vegetation/fuel
type, mapping surfaces, (b) calibrate or determine appropriate parameter (e.g. fuel accumulation
and combustion; emission factors for CH4 and N2O) estimates for regional conditions, (c) help
develop technical capacity (remote sensing; Geographic Information System—GIS) and asso-
ciated infrastructure. Particular methodological challenges are to ensure that the application is
supportive of local cultural practices and requirements, and that mitigating early dry season fire
management activities actually reduce emissions—i.e. are conducted when fuels are fully cured
rather than still being moist which would result in higher CH4 emissions (Meyer et al. 2012). A
first step therefore is to work with local communities to assess the applicability of, and where
practicable appropriately modify, the model.

While the actual operation of burning activities can be quite simple, the associated legislative,
political and governance issues are often significantly more complex. In each of the case study
countries complex implementation challenges are apparent (e.g. Tables 1 and 2 in Online
Resource 1). Some of these challenges are common across the regions described, while others
reflect the unique circumstances of the country or region in question. Many of these implemen-
tation challenges appear to have much in common with some of those encountered in the
implementation of PES approaches more broadly, not least those emerging in implementation of
REDD+ approaches, and discussion around topics such as REDD+ safeguards (Angelsen et al.
2012). Many of these challenges reflect the difficulties of multi-level governance—in this
context international, regional and local governance systems must link and be mutually sup-
portive for goals to be achieved at any of those levels. As international experience with PES
grows, including through the many pilot projects being implemented in the area of REDD+, it is
anticipated that many applicable lessons will be shared and, in particular, that promising
governance models will increasingly be identified.

Particular implementation challenges for emissions abatement savanna fire management
include, but are not limited to, legal and policy issues, equity and rights concerns, gover-
nance, capacity, and research needs (Table 1).

5.3 Encouraging investment in community based savanna fire management

Implementation challenges aside, a critical question in exploring the real opportunity for
savanna fire management to contribute to emissions reductions and sustainable livelihood
opportunities is whether the necessary investments to establish emissions abatement savanna

56 Climatic Change (2017) 140:47–61



T
ab

le
1

Im
pl
em

en
ta
tio

n
ch
al
le
ng
es

fo
r
em

is
si
on

s
ab
at
em

en
t
S
av
an
na

fi
re

m
an
ag
em

en
t
pr
oj
ec
ts

L
eg
al

an
d
po

lic
y
is
su
es

in
cl
ud
e:

E
qu
ity

an
d
ri
gh
ts
co
nc
er
ns

in
cl
ud
e:

G
ov

er
na
nc
e
is
su
es

in
cl
ud

e:
C
ap
ac
ity

ne
ed
s
in
cl
ud

e:
E
vi
de
nt
ia
ry

&
da
ta

ba
se
lin

e
ne
ed
s
in
cl
ud

e:

•
W
he
re

po
lic
y
an
d
le
gi
sl
at
io
n

ar
e
ba
se
d
on

fi
re

su
pp

re
ss
io
n

or
pr
ev
en
tio

n,
re
fo
rm

m
ay

be
ne
ed
ed

to
fa
ci
lit
at
e
fi
re

m
an
ag
em

en
t
ac
tiv

iti
es
.

•
L
eg
is
la
tiv

e
re
fo
rm

s
m
ay

be
ne
ed
ed

to
fa
ci
lit
at
e
co
m
m
un
al
,

co
m
m
un

ity
ba
se
d
la
nd

m
an
ag
em

en
t.

•
In

m
an
y
sa
va
nn

a
se
tti
ng

s
la
nd

te
nu

re
ar
ra
ng

em
en
ts
ar
e

co
m
pl
ex
.
N
ot
e,
ho

w
ev
er
,
th
at

an
ad
va
nt
ag
e
of

fi
re

m
an
ag
em

en
t
is
th
at

it
ca
n
an
d

ha
s
be
en

im
pl
em

en
te
d
on

a
fe
e

fo
r
se
rv
ic
e
ba
si
s,
m
ea
ni
ng

th
at

la
nd

ac
ce
ss

ra
th
er

th
an

la
nd

te
nu

re
m
ay

be
su
ff
ic
ie
nt

to
en
ab
le

fi
re

m
an
ag
em

en
t

op
er
at
io
ns

in
so
m
e

ci
rc
um

st
an
ce
s.

•
Is
su
es

ar
ou

nd
ri
gh

ts
ov

er
ca
rb
on

m
ay

be
un

ce
rt
ai
n
an
d

m
ay

re
qu

ir
e
cl
ar
if
ic
at
io
n
in

so
m
e
ju
ri
sd
ic
tio

ns
.

•
F
or

th
e
in
te
re
st
s
an
d
ri
gh
ts
of

in
di
ge
no
us

pe
op
le
s
an
d
lo
ca
l

co
m
m
un
iti
es

to
be

re
sp
ec
te
d,

em
is
si
on
s
ab
at
em

en
t
fi
re

m
an
ag
em

en
t
pr
og
ra
m
s
m
us
t
no

t
ov
er
ri
de

co
m
m
un
ity

la
nd

us
e

ob
je
ct
iv
es
,
an
d
lo
ca
l
ow

ne
rs
hi
p

m
us
t
no
t
be

lo
st
.

•
E
ff
ec
tiv

el
y
op
er
at
io
na
liz
in
g
pr
io
r

in
fo
rm

ed
co
ns
en
t,
an

es
se
nt
ia
l

el
em

en
t
of

re
sp
ec
t
fo
r
th
e
ri
gh
t
to

se
lf
-d
et
er
m
in
at
io
n
of

in
di
ge
no
us

pe
op
le
s,
is
a
di
ff
ic
ul
t
pr
ac
tic
al

is
su
e.
G
re
at
er

ex
pe
ri
en
ce

of
w
ha
t

th
is
re
qu
ir
es

in
th
e
sa
va
nn
a
fi
re

m
an
ag
em

en
tc
on
te
xt

is
ne
ed
ed
.

•
A
cc
ep
ta
nc
e
of

m
ar
ke
t
ba
se
d

ap
pr
oa
ch
es

am
on
g
lo
ca
l
an
d

in
di
ge
no
us

co
m
m
un
iti
es

is
no
t

un
iv
er
sa
l.
S
om

e
co
m
m
un
iti
es

ar
e
lik

el
y
to

pr
ef
er

al
te
rn
at
iv
e

ap
pr
oa
ch
es

to
re
al
iz
in
g
th
e

su
st
ai
na
bl
e
liv

el
ih
oo
d
be
ne
fi
ts

of
sa
va
nn
a
fi
re

m
an
ag
em

en
t.

•
C
ul
tu
ra
l
ch
an
ge

to
w
ar
ds

gr
ea
te
r

re
sp
ec
t
fo
r
in
di
ge
no
us

kn
ow

le
dg
e
sy
st
em

s
in

so
m
e

re
gi
on
s
m
ay

be
ne
ed
ed

to
su
pp
or
t
in
te
gr
at
io
n
of

tr
ad
iti
on
al

fi
re

kn
ow

le
dg
e

w
ith

in
pu
bl
ic

po
lic
y.

•
In

so
m
e
ar
ea
s,
th
er
e
is
a
la
ck

of
cl
ea
rl
y
de
fi
ne
d
pr
oc
es
se
s,

ro
le
s
an
d
re
sp
on

si
bi
lit
ie
s
fo
r

de
ci
si
on

-m
ak
in
g
on

co
m
m
un

al
la
nd

.
L
oc
al
-l
ev
el

go
ve
rn
an
ce

sy
st
em

s
m
ay

be
in
ex
pe
ri
en
ce
d

in
m
an
ag
in
g
m
ul
tip

le
an
d
co
nf
lic
tin

g
la
nd

us
e
ob

je
ct
iv
es
.

•
C
om

m
un

iti
es

ne
ed

a
lo
ca
l
so
ci
al

or
ga
ni
za
tio

n
or

st
ru
ct
ur
e
to

im
pl
em

en
t
an
nu

al
bu

rn
in
g
–
or

an
y
ot
he
r
m
an
ag
em

en
t
ac
tiv

ity
–
in

a
pl
an
ne
d
an
d
st
ru
ct
ur
ed

m
an
ne
r.

E
ff
ec
tiv

e
go

ve
rn
an
ce

at
th
e

co
m
m
un

ity
le
ve
l
is
al
so

ne
ed
ed

to
en
su
re

th
at

so
ci
al

co
-b
en
ef
its

ar
e

re
al
iz
ed
,
su
ch

th
at

pa
ym

en
ts
ar
e

di
st
ri
bu

te
d
eq
ui
ta
bl
y
am

on
g
th
e

co
m
m
un

ity
,
or

ot
he
rw

is
e
us
ed

in
w
ay
s
th
at

su
pp

or
t
th
e
ne
ed
s
an
d

as
pi
ra
tio

ns
th
at

th
e
co
m
m
un

iti
es

th
em

se
lv
es

de
fi
ne
.

•
C
on

si
de
ra
tio

n
of

ho
w

to
re
co
nc
ile

tr
ad
iti
on

al
go

ve
rn
an
ce

m
od

el
s
w
ith

th
os
e
ex
pe
ct
ed

by
do

no
rs

an
d

m
ar
ke
ts
is
re
qu

ir
ed
.

•
D
ep
en
di
ng

on
th
e
ro
le

of
go

ve
rn
m
en
t

in
th
e
de
si
gn

an
d
im

pl
em

en
ta
tio

n
of

fi
re

m
an
ag
em

en
t
ac
tiv

iti
es
,

go
ve
rn
an
ce

is
su
es

m
ay

al
so

ar
is
e
at

th
at

le
ve
l.
Is
su
es

th
at

ha
ve

be
en

ar
tic
ul
at
ed

in
th
e
co
nt
ex
t
of

R
E
D
D
+

m
ay

be
re
le
va
nt
.

•
O
pe
ra
tio

na
lis
in
g
fi
re

m
an
ag
em

en
t
at

la
nd

sc
ap
e

sc
al
es

in
de
ve
lo
pi
ng

co
un

tr
ie
s

w
ill

re
qu

ir
e
si
gn

if
ic
an
t
le
ve
ls

of
ca
pa
ci
ty

de
ve
lo
pm

en
t

ac
ro
ss

m
an
y
di
sc
ip
lin

ar
y
ar
ea
s,

an
d
am

on
g
m
an
y
di
ff
er
en
t

ac
to
rs
.
T
he
se

in
cl
ud

in
g
fr
om

w
ith

in
co
m
m
un

iti
es
,
lo
ca
l

or
ga
ni
sa
tio

ns
,
re
se
ar
ch

in
st
itu

tio
ns

an
d
go

ve
rn
m
en
t.

•
C
ap
ac
ity

ne
ed
s
ex
te
nd

ac
ro
ss

th
e

sc
ie
nt
if
ic
,
so
ci
al

sc
ie
nc
e,
le
ga
l,

go
ve
rn
an
ce

an
d
bu

si
ne
ss

ad
m
in
is
tr
at
io
n
fi
el
ds
.

•
O
pe
ra
tio
na
liz
in
g
fi
re

m
an
ag
em

en
ta
tl
an
ds
ca
pe

sc
al
es

in
de
ve
lo
pi
ng
co
un
tr
ie
s

w
ou
ld

re
qu
ir
e
ba
se
lin

e
da
ta

su
ch

th
at
m
et
ho
do
lo
gi
es

fo
r

em
is
si
on
s
ab
at
em

en
ts
av
an
na

fi
re

m
an
ag
em

en
tc
ou
ld

be
de
ve
lo
pe
d
an
d
ap
pl
ie
d.
D
at
a

ne
ed
s
w
ou
ld

in
cl
ud
e
fi
re

m
ap
pi
ng
,f
ue
la
cc
um

ul
at
io
n,

co
m
bu
st
io
n
ef
fi
ci
en
cy
,s
ite

em
is
si
on
s
fa
ct
or
s,

bi
o-
se
qu
es
tr
at
io
n,
as

w
el
la
s

bi
od
iv
er
si
ty

ba
se
lin

es
.

•
G
re
at
er
ca
pa
ci
ty
in
m
on
ito
rin
g,

re
po
rti
ng

an
d
ve
rif
ic
at
io
n
is

re
qu
ire
d.

•
In
-c
ou
nt
ry

te
ch
ni
ca
lc
ap
ac
ity

to
im
pl
em

en
ta
cc
ou
nt
in
g

pr
oc
ed
ur
es

fo
r
em

is
si
on
s

ab
at
em

en
ta
pp
ro
ac
he
s
w
ou
ld

ne
ed

to
be

de
ve
lo
pe
d.

•
Fu

rth
er
w
or
k
on

ho
w
to

m
ea
su
re
,g
en
er
at
e
an
d
ve
ri
fy

co
-b
en
ef
its

is
re
qu
ir
ed

in
bo
th
de
ve
lo
pe
d
an
d
de
ve
l

op
in
g
co
un
tr
y
co
nt
ex
ts
.

Climatic Change (2017) 140:47–61 57



fire management will be forthcoming, and the forms that they may take. Given the diverse
political, economic, and geographic contexts in which fire prone savannas exist, a range of
options to encourage initial investment in, and ongoing support for, savanna fire manage-
ment may be needed for the full potential of the approach for supporting sustainable
livelihoods to be realized.

As described in the Australian example, an approach based on the establishment of
community enterprises for generation of carbon offsets for trading in regulatory and volun-
tary carbon markets is being pursued, alongside direct funding of savanna fire management
by the private sector as part of its corporate social responsibility agenda. Public support for
infrastructure and land management activities has also effectively subsidized certain
Australian savanna fire management operations (Altman and Kerins 2012). Public and
private sector funding has and will continue to be essential in supporting community-
based activities and enterprises to the point that they are self-sustaining.

Such an offsets-focused, enterprise development approach looks also to have strong
potential in the southern African context, assuming that implementation challenges can be
overcome, and that methodological and economic feasibility is demonstrated in particular
local circumstances. In South America, ongoing political discussions around the appropriate
role of offset mechanisms, such as arising in the context of REDD+, may suggest that
alternative approaches to incentivising emissions abatement community savanna fire man-
agement are likely to be most acceptable in the short term (UNFCCC 2012).

Where offsets projects of the kind developed in Australia would be feasible in developing
countries, there is still much work to be done towards ensuring that these offsets could be
effectively traded in carbon markets. As an initial step, it would be necessary to explore the
feasibility of developing savanna fire management methodologies under international mech-
anisms such as the Kyoto Protocol’s Clean Development Mechanism (CDM), under various
national and regional emissions trading systems, and under voluntary carbon standards. With
such methodologies and accreditations in place, offsets generated through savanna fire
management in developing countries would have the potential to be traded within regulatory
and voluntary carbon markets, depending on the rules and quotas associated with the scheme
or schemes in question.2 Note also that in the case of many voluntary standards, projects
could be tagged with additional participating co-benefits standards. These would provide
recognition for the social and environmental benefits of savanna fire management that go
beyond carbon abatement (VCS 2012), potentially generating price advantages for tagged
offsets.

Importantly, not all areas of the world in which savanna fire management would create
meaningful benefits for indigenous and local communities are likely to be as suited as the
case study regions to an approach based on the establishment of economically viable
community offsets enterprises. In particular, areas within fire prone savanna landscapes that
are densely populated, highly fragmented, and smaller overall, such as some of the smaller
savanna regions of Asia, may not be as suited to supporting viable offsets enterprises as
those in areas with lower population densities and larger tracts of savanna. In such situations
however, we would still argue that, while the direct financial benefits attributable to
emissions reduction through savanna burning may be relatively small, encouraging more
sustainable forms of savanna fire management (including support for tried and tested local
knowledge systems) can contribute substantially to enhanced livelihood opportunities—for

2 In the case of the Australian scheme, for example, and following the decision to link it with the European
Emissions Trading System, Australian liable entities will be able to meet 12.5 % of their liabilities with Kyoto
units (European Commission 2012).
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example, in helping rehabilitate catchment management processes and productivity
(Djoeroemana et al. 2007).

Although commonly thought of as applying only to denser tropical forests, REDD+ as a
vehicle for encouraging investment in savanna fire management activities is alsoworthy of further
consideration.While fire management as a stand-alone annual emissions reductions activity is not
an easy conceptual fit within REDD+ given technical issues such as those around permanence
(Angelsen et al. 2012), depending on the nature and scope of any mechanism or fund-based
support for REDD+, savanna fire management may ultimately contribute to broader strategies
aimed at preventing further deforestation and degradation, so contributing to REDD+ objectives
for the conservation and the enhancement of forest carbon stocks in developing countries.

One broad limitation to the applicability of REDD+ in savannas concerns how forests are
defined – while some savanna landscapes, particularly savanna woodlands, would be
considered forests within applicable definitions, other areas of savanna may not
(UNFCCC 2005). Despite this limitation, substantial tracts of savanna in developing coun-
tries in Asia, Africa and South America are likely to be considered forests for the purpose of
REDD+, and are subject to rates of deforestation and degradation of the kind that REDD+ is
intended to ameliorate (Bond et al. 2010).

5.4 Conclusion

Community-based, emissions abatement savanna fire management represents an opportunity
for savanna based communities that is likely to be applicable across many fire prone savanna
landscapes of southern Africa, South America, Asia and Australia. The cases described show
savanna fire management to be an approach in which modern science and traditional practice
can work together to make a measurable and significant contribution to global emissions
reductions and other global sustainability goals, while contributing to building strong, sustain-
able livelihoods. Realizing these benefits will require investments in a range of areas, including
tools that address implementation challenges, methodologies to support the engagement of
developing countries in carbon markets, and the establishment of pilot initiatives to further
demonstrate the value and applicability of the approach in a range of savanna settings.
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