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Main modes of fire use identified in the Database
of Anthropogenic Fire Impacts

This document details the process used to identify the seven main modes of deliberate
anthropogenic fire use described in Millington et al., (2022) and provides a narrative description of

the rationale and drivers of variability within each type.

1. Process used to identify type of fire use

As described in the main article, literature around anthropogenic fire use and management is
fractured across multiple disciplines — from anthropology to ecology, from development economics
to remote sensing studies of greenhouse gas emissions. As such, our literature search was based on
a conceptual framework, that sought to capture categorical differences in fire use in differing land

systems and socio-economic contexts.

As fire uses were noted from the literature, a working set of categories was developed, and working
definitions of these were circulated between the paper’s authors. New categories were only added
when they were agreed to meaningfully diverge from existing uses. This was discussed between
authors during database construction. Given that there was subjectivity inherent in this process, to
aid consistency in this, a reproducibility check was conducted. This consisted of three persons — two
of the three lead authors and a research volunteer —who entered the same papers into the
database. Inputs were then compared and checked for inconsistency and disagreement. This was

conducted twice.

After the first consistency check, major changes were made to the database structure to aid
consistent recording. This involved removing indirect impacts such as landscape fragmentation from
the data is these could not be captured in a systematic way. The inputs from the second set of trial
papers were in closer alignment. The major change made at this stage was to split quantitative
information on anthropogenic fire use into ‘reported’ and ‘estimated’. This was done because, much
fire data available in papers was incidental to the core focus of the study, and therefore a degree of

calculation was required to convert or interpolate this data into a consistent format for recording.

At completion of database construction, twenty deliberate anthropogenic fire uses were identified.
These are presented in Table A. Having conducted this bottom-up data gathering process, and top
down look was conducted to identify potential overlaps. The driving rationale for this was to arrive

at a set of fire uses that captured the broad differences in anthropogenic fire use that could be
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implemented in a dynamic global vegetation model (DGVM). Five fire uses with <=1% of instances
(max_n =45/ 1.01% of records) were simplified into an ‘other’ category. Then, categories where the
underlying rationale overlapped were combined. For example, some rangeland management fires
also served the purpose of renewing the quality of forage for livestock — this was the exclusive
purpose of pasture renewal fires. Therefore, from a top-down perspective it was logical to combine
these categories. Similarly, conservation fires seeking to promote diversity in a fire regime and those
seeking to manipulate it for other reasons (typically to preserve human health and wellbeing) both
served an underlying objective (to alter the fire regime in a given landscape) therefore these were
also combined. Fishing, hunting and gathering fires, and forest and other vegetation clearance fires

were also combined.

The most complex aspect of the realignment was in cases where a particular fire category partially
overlapped with another, but also had its own distinctive aspects. Pest management was primarily
conducted in livestock systems (46% of cases), but was also conducted by hunter gathers, foresters
and arable farmers. Given that pest management fires in livestock systems served the dual purpose
of renewing the pasture (Kull 2003), these were combined into the new pasture management
category. However, pest management fires lit by other land users were assigned to the ‘other’
category. The result of this rationalisation was seven modes of fire use that captured more than 90%

of anthropogenic fire use records in DAFI.

2. Description of fire use modes and their internal variability

2.1 Crop field preparation

Shifting cultivation is a semi-nomadic system of agriculture, in which small patches of land are
cleared temporarily for agriculture; after a short period of cultivation the land is fallowed to allow it
to recover (Mertz et al., 2009). Crop field preparation fire is typically used not only to clear the
biomass on a planned field location, but also to clean the soil and to fix the nutrients from the
biomass into the soil (Carmenta et al., 2013). It is therefore distinct from fire lit for the sole purpose

of vegetation clearance.

At the latitudinal boundaries of shifting cultivation practice, where it is conducted in savanna
woodlands or shrubby grasslands rather than dense tropical forests, lower net primarily productivity
(NPP) and resulting sparsity of available biomass entails that fire use is sometimes replaced with
labour-intensive ‘mulching’ practices (Dawoe et al., 2012). An intermediate stage, where biomass is
collected from a wide area and then burned on a small plot, is observed, for example in the Miombo

woodlands (Araki 2007).
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Table S1. Overview of deliberate anthropogenic fire uses within DAFI.

Original category (n =20) Simplified category (n =7) Description

Accessibility

Arson

Charcoal production

Conservation

Crop field preparation

Crop residue burning

Cultural & Spiritual

Domestic

Fishing

Forest clearance

Forest management

Other (N/A)

Arson

Other (N/A)

Pyrome management

Crop field preparation

Crop residue burning

Other (N/A)

Other (N/A)

Hunting and gathering

Vegetation clearance

Other (N/A)

Fire use to clear pathways through vegetation, typically in savannah
landscapes. Used to facilitate land uses across pre-industrial land use
systems

Fire used to cause damage to persons or property; in some contexts, fire
damage caused through negligence may also be considered arson

Fire used to burn wood for charcoal; as much production takes place in
kilns, charcoal fires are principally important as a source of escaped fires

Fires lit to conserve biodiversity by creating diverse stages of vegetational
succession in a landscape

Fire use in the context of shifting cultivation

Fire used to remove agricultural residues, either pre or post harvest

Fire used for social or religious ceremonies; other fire uses may also take
on a cultural or religious significance

Relevant for escaped fires

Fires to facilitate fishing

Fire used to clear forest land cover

Typically to promote / manipulate timber growth (does not include fuel load
management, which is under pyrome management)
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Original category (n = 20) Simplified category (n =7) Description

Harvesting of NTFP
Harvesting of Timber
Hunting

Land clearance

Pasture renewal

Pest management

Pyrome management

Rangeland management

Vegetation management

Hunting and gathering
Arson

Hunting and gathering
Vegetation clearance

Pasture management

Pasture management /
Other (NA)

Pyrome management

Pasture management

Crop residue burning /
Other (NA)

Fire to harvest non-timber forest products such as honey, fruit or
mushrooms

Fire was used for burning of forests to facilitate illicit salvage logging (n =
21)

Fires to facilitate hunting of wild animals
Fires to clear non-forest vegetation types, typically savannas

Fires to regenerate livestock forage, typically in managed pastures

Pest management fires were most often used in the context of livestock
(46%) - where fires often aimed simultaneously to control pests and
improve forage (Kull 2003). Therefore, this category was split between
pasture management and ‘other’, where pest management fire was used by
arable and forestry fire user types.

Fires lit to manage the wider fire regime, for any purpose other than
conservation - typically to prevent damage to persons or property from
wildfires

Fires to regenerate livestock forage, typically on open rangeland; fire may
also have served purpose to remove coverage for predators or prevent
livestock from tripping on hidden holes in the ground

Many instances were for sugar cane burning to facilitate harvest; this was
grouped with crop residue burning (pre-burning)
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2.2 Crop residue burning

As agriculture intensifies and becomes sedentary, yields increase and crop residue disposal comes to
be a significant activity for farmers. Burning of surplus residues typically peaks in the latter stages of
transition to an industrial fire regime, particularly as use of machinery becomes more widespread
(Kumar et al., 2015). Machinery frequently drives residue burning as when residues are hand
harvested it is less burdensome to gather them for use either as domestic fuel or fodder for cattle
(Hong van 2014; Lasko et al., 2017). Furthermore, as farm sizes grow along with yields, residue

availability exceeds amounts that can be practically used (Ahmed et al., 2015).

Conversely, therefore, in mixed arable-pastoral subsistence small-holders, burning may be absent
because residues present an important source of livestock feed (Keck and Hung 2019). The main
restriction on residue burning in an industrial or post-industrial fire regime is air quality legislation
(Jajtic et al., 2019; Sun et al., 2019; Boosabong and Chamchong 2020). For this reason, the practice is
largely absent in more densely populated agricultural regions of Northern America and Northern
Europe (Smil 1999), Australia and Brazil (Mendoza 2015). Similar concerns are now driving policy in

areas of Northern India and China (Peng et al., 2016; Sembhi et al., 2020).

2.3 Pasture management

Burning of both planted pastures and native grasslands used for livestock grazing is a widespread
practice, serving to rejuvenate the nutrient quality of forage for livestock (Jakimow et al., 2018;
Johansson et al. ,2019) and prevent the encroachment of woody shrubs (Twidwell et al., 2013; Vehrs

2016).

As with shifting cultivation, NPP is a principal driver of whether livestock farmers use fire, and how
frequently. For example, whilst pasture renewal fires are widespread across much of Sub-Saharan
Africa and Amazonia, the practice is not used by pastoralists on the Mongolian steppe (Saladyga et
al., 2013) or in mountainous areas of Patagonia (Easdale and Aguiar 2018). Simply put, if all available
forage in an ecosystem is required to feed a livestock herd, a farmer will not burn it to improve its
nutrient quality; this trade-off has been observed not only in pre-industrial, but also in comparatively
intensive farming in the USA (Taylor 2003). However, fire use among livestock farmers is driven by a
range of factors in addition to NPP. Fire use to control the tsetse fly is common in Sub-Saharan Africa
and can cause farmers to decrease fire return period to around two years (global mean of 3-4 years)
to keep grass short enough to prevent tsetse fly infestations (Trollope 2011). Similarly, on communal
rangelands, livestock farmers may also use fire to facilitate accessibility and ward off predators and

snakes (Mbow et al., 2000).
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2.4 Hunting and gathering

Fire use by indigenous and other subsistence-oriented communities in hunting and gathering is a
global practice (Coughlan et al., 2018). Use of fire for hunting and gathering is closely linked to the
properties of the underlying ecosystem in which it is used. Therefore, the range of techniques used

in hunting and gathering and resultant impacts on the fire regime are hugely diverse.

For example, in the Western Australian Desert, Aboriginal can light hunting ‘drive’ fires — where fire
is lit to push wild animals towards a certain location — over very long distances (up to 130km)
(Burrows et al., 2006). Conversely, Aboriginal people hunting for turtles in a wetland environment
used fires with a mean size <1ha (McGregor et al., 2010); fire use for fishing in peat swamps follows
a broadly similar pattern, with multiple very small fires (<10m?) lit each year on the same patch of
ground. By contrast, gathering of non-timber forest products (NTFPs) consistently results in small
fires. Harvesting of wild honey, for example, uses fires often no bigger than a single fire stick, but can

be important to a fire regime due to escaped fires (Schmerbeck 2003; Shaffer et al., 2010).

2.5 Vegetation clearance

Vegetation clearance fires principally covered deforestation fires (360 cases), but also included fires
to clear savannas, grasslands and other mixed vegetation types (114 cases) As a frequently illicit

practice, vegetation clearance was primarily studied through remote sensing (259 / 474 instances).

A large literature documents the processes that lead to tropical deforestation in a degree of nuance
that is beyond the scope of DAFI (e.g. Rakatama et al., 2017; Fischer et al., 2020). However, in
general terms, the size of clearances increased with anthropogenic fire regime (AFR), and a greater
proportion of fire use instances for livestock and intensive arable farmers were attributed to
deforestation than for more subsistence-oriented land users. This may suggest that, rather than
enabling land to be spared (Cerri et al., 2018), land use intensification increases farmers’ economic
incentives to deforest land (Kubitza et al., 2018) and may increase the overall quantity of fire use in

land clearing.

2.6 Pyrome management and pyro-diversity

Fire is widely adopted by a wide range of land users to manipulate the overall fire regime of a
landscape. This includes burning done to reduce the risk of wildfire damage to persons and property,
but also fires lit for biodiversity conservation purposes — where fire creates vegetation of differing
successional stages on a landscape, and therefore encourages biodiversity (Parr and Andersen 2006;

Bowman et al., 2016).
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Fire regimes generated by these behaviours differ widely. For example, although fire fighting
agencies conduct prescribed burns, these can be met with internal resistance from fire fighters
(Spencer et al., 2015), resulting in smaller burned areas on average and smaller fires. However, there
is also large variation in how state forestry agencies used fire depending on the climate and
vegetation type managed: the US Forestry Service prescribed burn size averaged around 20ha in
densely populated California, but was between 500-1000ha in the Sonoran Desert in Arizona
(Barnett et al., 2016). On the other hand, where biodiversity conservationists manage large land
areas, such as in the Savannas and grasslands of Southern Africa, these can be burned in blocks of

60-400ha on a rotational basis to foster pyro- and bio-diversity (Goodenough et al., 2017).

2.7 Arson

We defined arson as the deliberate use of fire to cause damage to persons or property. This
differentiates it from merely negligent fire use or ignition (e.g. escaped barbeques or poorly
disposed cigarette butts), which would be covered as ‘accidental’ fire in DAFI. As an inherently illicit

and often clandestine practice, arson was poorly quantified in the available data.

Arson was most frequently observed where conflicts over land use occurred: land tenure was
recorded as insecure in 48 of 81 database instances where arson was present and a description of
land tenure was also given in a case study. A further 15 of these 81 cases were recorded as ‘mixed’
land tenure. Arson as a weapon in land use and land tenure conflict was most frequent where
shifting cultivation and industrial forestry were present, as local small-holders protested allocation
of their former lands held under traditional land tenure to large-scale commercial plantations (e.g.
Suyanto et al., 2004; Chokkalingam et al., 2007). A similar pattern was also observed where arson
was present on lands allocated for biodiversity conservation: in 23/35 cases such arson was used by
small-holder farmers or hunter-gatherers, primarily to protest the restrictions placed on their

livelihoods by protected areas.
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