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Abstract Global economic change and policy interventions

are driving transitions from long-fallow swidden (LFS)

systems to alternative land uses in Southeast Asia’s uplands.

This study presents a systematic review of how these

transitions impact upon livelihoods and ecosystem services

in the region. Over 17 000 studies published between 1950

and 2015 were narrowed, based on relevance and quality, to

93 studies for further analysis. Our analysis of land-use

transitions from swidden to intensified cropping systems

showed several outcomes: more households had increased

overall income, but these benefits came at significant cost

such as reductions of customary practice, socio-economic

wellbeing, livelihood options, and staple yields. Examining

the effects of transitions on soil properties revealed negative

impacts on soil organic carbon, cation-exchange capacity,

and aboveground carbon. Taken together, the proximate and

underlying drivers of the transitions from LFS to alternative

land uses, especially intensified perennial and annual cash

cropping, led to significant declines in pre-existing

livelihood security and the ecosystem services supporting

this security. Our results suggest that policies imposing land-

use transitions on upland farmers so as to improve

livelihoods and environments have been misguided; in the

context of varied land uses, swidden agriculture can support

livelihoods and ecosystem services that will help buffer the

impacts of climate change in Southeast Asia.
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INTRODUCTION

Global economic change has been driving the agrarian

transition in Southeast Asia—a process by which regional

and national economies move from being predominantly

agricultural and rural to predominantly industrial, com-

mercial, and urban (Tomich et al. 1995; Hall et al. 2011).

The underlying drivers of this broad transition include the

growth of state power, increasing regulation of land and

forest use, population increase, and the spread of markets

and infrastructure that penetrate the region’s few remaining

frontiers; all of which combine to make agriculture, labour,

and land-based resources increasingly market-oriented and

regionally interconnected (Hall et al. 2011; Castella et al.

2013; Fox et al. 2014). These processes of change have

been underway for some time (Byerlee 2014), and previous

research has investigated their reworking of rural land-

scapes, livelihoods, and social relations, inducing small-

holders to shift from food crop farming for consumption to

a diversified mix of market-oriented production, off-farm

wage labour, and non-farm livelihood activities (Macours

and Swinnen 2002). Some writers have identified the ‘end

of the peasantry’ and ‘de-agrarianisation’ as the defining

features of the current transformation of rural livelihoods

(Bryceson 1996; de Koninck and Ahmat 2012; Rigg 2013).

In addition, more overtly coercive processes of ‘territori-

alisation’, ‘enclosure’, and ‘exclusion’ associated with

state development and conservation have added to the

complexity of agrarian change (Vandergeest and Peluso

1995; Lund 2011).

Among various land uses, swidden agriculture has been

significantly impacted by agrarian change in upland

Southeast Asia. Swidden (or shifting cultivation) and other

forest uses continue on relatively large areas (Schmidt-

Vogt et al. 2009) and support between 15 and 35 million
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people in the uplands (Cramb 2007; Mertz et al. 2009b). It

has for centuries been integral to local livelihoods and long

part of certain forest environments, integrating production

from cultivated fields and secondary forests, forming the

basis of land uses and customs in the uplands (Conklin

1961; Cairns 2007). As traditionally practised, swidden

involves the intermittent clearing and burning of small

patches of forest for subsistence food crop production,

followed by longer periods of fallow in which forest

regrowth restores productivity to the land (Cramb et al.

2009). A broader working definition of swidden used in

this paper is a land-use system that includes a natural or

improved fallow phase sufficiently long to be dominated by

woody vegetation, which is then cleared and burned, to

permit a shorter cultivation phase of annual crops (Mertz

et al. 2009a). Traditionally long-fallow swidden (LFS)

systems have often had a fallowing phase of more than

10 years, but in the last few decades, this has been more

frequently reported at around 5–10 years. Hence in this

review, we agreed that most studies gave fallow lengths

falling within this range, while short fallow was considered

to be less than 5 years. From this, we agreed upon a fallow

threshold: long-fallow swiddens would be equal to or

greater than 5 years, and short fallows would be less than

5 years. This fallow threshold allowed for more literature

with comparative data to be included in the review. By

defining swidden long fallow in the way we have, the

screening criteria became much more inclusive and

increased the sample of comparative datasets significantly

more than if we had adopted a more stringent definition

such as 10 or more years.

At the landscape scale, sustained LFS systems have

given rise to and maintain complex assemblages of vege-

tation, ranging from open-canopy tree associations to

mature closed-canopy forest (Fox et al. 2013, p. 9). As a

complex system of crops and forest, LFS farming can yield

various ecosystem services and resources integral to local

livelihoods and forest environments in Southeast Asia’s

uplands. Some suggest that swidden fallow systems con-

stitute ‘living landscapes’, where multi-functional con-

nections between land, forest, and farm support human

wellbeing and ecosystem services (Fox et al. 2014).

Mounting international policy debates, for example, at the

UN-FCCC Conference of the Parties (COP) 21 concerning

Reducing Emissions from Deforestation and forest

Degradation (REDD?), have discussed the role of mixed

forest landscapes in providing ecosystem services (e.g.

carbon sequestration) and supporting livelihoods, including

from variegated smallholder land uses, such as swidden

and agroforestry (Mertz et al. 2012; Fox et al. 2013).

Various studies have shown how LFS can be carbon-

neutral or even positive when compared to monocropped

tree-based plantations (Bruun et al. 2009; Ziegler et al.

2012; Yuen et al. 2013); maintain positive hydrological

properties (Ziegler et al. 2009a) across landscape mosaics

over time compared to intensified land uses; reduce surface

soil erosion in ways similar to intact forest in the fallow

phase, and more so than oil palm plantations (Bruijnzeel

2004; Sidle et al. 2006; Ziegler et al. 2007; de Neergaard

et al. 2008; Valentin et al. 2008); and support efficient soil

nutrient cycling (Bruun et al. 2006).

Despite the growing recognition of LFS’s role in sup-

porting ecosystem services and livelihood security, most

international, regional, and national policies, particularly in

Southeast Asia, continue to press for the replacement of

swidden with other land uses (Mertz and Bruun 2016). In

most rural policy discourse, swidden agriculture is still

considered to be destructive to forests and to result in

higher greenhouse gas emissions than other land uses

(Ziegler et al. 2012), whereas monocrops of rubber, oil

palm, and teak are considered to be better for carbon and

livelihood outcomes, even in the absence of empirical

evidence (Fox et al. 2014). These policy and socio-eco-

nomic pressures are currently undermining smallholder

farmers’ productive capacity and biophysical setting to

deliver environmental benefits.1

Importantly, while these socio-economic and landscape

changes intensify in Southeast Asia, there have been too

few systematic analyses of the underlying and proximate

drivers affecting LFS, the ability of smallholders to adapt

to them, and the various outcomes that ensue in upland

regions. Few studies have examined cases involving tran-

sitions from one state to another across the main socio-

economic and biophysical attributes that swidden farmers

negotiate in the face of profound agrarian change. While

there have been many individual studies, this lack of

comprehensive, integrated analysis means that there is

limited conclusive empirical evidence to inform national

debates and current land-use policies. This study therefore

presents the first systematic review of the linkages between

the drivers, impacts, and outcomes of the various transi-

tions from LFS to other land uses over the last 25 years in

Southeast Asia. These results are discussed in terms of the

regional implications of these changes for globally

important livelihoods and ecosystem services and climate

change mitigation policies.

1 While we acknowledge that the livelihood security and ecological

functions of LFS documented in earlier studies are less apparent

today, the fact that these empirical details were documented and

continued to be examined in situ (not necessarily as part of a

transitional process) suggests indigenous, and smallholder communi-

ties do retain swidden fallow systems for the reasons described above

(see Cairns 2007). Clearly, however, cases documenting the contri-

bution of LFS to livelihood security and ecosystem services are

becoming fewer.
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Building on and going beyond previous studies

Over the last 30 years, research has shown that complex

swidden fallows can support sustainable forest management,

the conservation of agro-biodiversity, and relatively high

labour productivity (Dove 1983; Cramb 1993; Brookfield

and Padoch 1994; Brookfield and Stocking 1999). Recently,

Padoch and Sunderland (2013) have argued that swidden

practice reflects an example of ‘land sharing’ that can deliver

both conservation and livelihood benefits across landscapes.

However, governments, practitioners, and other scientists

have invested heavily in a ‘land sparing’ rationale that aims

to restrict less intensive land uses, concentrate and intensify

agricultural production, and curtail access to land through

zoning to save ‘more valuable’ forest land (Phalan et al.

2011). These land-use policies are associated with political

efforts to bring remote populations under central control,

replace swidden with intensified cash cropping, and provide

greater access to social services (Lestrelin et al. 2012).

A number of reviews have investigated changes in swid-

den extent and practice across Southeast Asia (Cramb et al.

2009; Mertz et al. 2009a, 2013; Schmidt-Vogt et al. 2009)

and globally (van Vliet et al. 2012). These studies have

shown a trend towards swidden decline in favour of various

intensified land uses and/or a move away from agriculture

altogether, identifying the major drivers of swidden transi-

tions as governance, markets, population pressure, and land

access. Van Vliet et al. (2012) showed that the socio-eco-

nomic and environmental outcomes of transitions away from

swidden were mainly negative. Our review builds on and

goes beyond these studies by empirically examining the links

between specific drivers and outcomes of these transitions. It

offers a comparative analysis of the social and biophysical

factors driving swidden transitions and examines the impacts

and outcomes of these transitions across insular and main-

land Southeast Asia.

An exploration of these links is needed to better

understand how varied combinations of drivers and tran-

sitions result in different outcomes to better inform policy

decisions for the uplands of Southeast Asian. Our review

therefore examines not only the major underlying and

proximate drivers of transitions but also establishes the

main linkages between drivers, impacts, and outcomes. We

consider the drivers of emerging transitions (particularly

intensified systems, cropping rotations, and protected for-

ests) and how these impact on (1) smallholder livelihoods

and (2) key ecosystem services (relating to soil properties

and below- and aboveground soil carbon) previously sup-

ported by swidden in upland Southeast Asia. In so doing,

we aim to answer the following question: How do the

drivers of transitions from long-fallow swidden systems to

alternative land-uses impact upon livelihoods and ecosys-

tem services in the uplands of Southeast Asia?

MATERIALS AND METHODS

The methodology below follows the systematic review

protocol in Dressler et al. (2015), so only the core

methodology is briefly summarised here.

Search strategy

A comprehensive search of online academic and institu-

tional databases as well as general search engines (e.g.

Google) was conducted using terms applied in different

combinations with Boolean operators. In total, 46 unique

online searches were conducted using variations of search

terms and strings depending on the database being searched.

A full list of search terms used for each database can be

found in Table S1 of the Electronic Supplementary Material.

All the returned items were checked for duplicates and

saved using reference management software.2 In addition to

the online searches, a grey literature search of relevant

organisational websites and institutional libraries (e.g. Asian

Development Bank, University of Philippines Los Baños) was

conducted. A call for literature was also circulated via relevant

email groups, list serves, and websites (see Table S1).

Screening and inclusion–exclusion criteria

Inclusion–exclusion criteria were used to screen all articles at

the title and abstract level. Only studies presenting results on

changes in livelihood outcomes and ecosystem services due

to transitions from long-fallow swidden (LFS) systems in the

Southeast Asian uplands were included in the review. Cru-

cially, studies had to include an in-study ‘comparator’ that

compared changes from swidden to other land uses. This

aspect of the systematic review methodology necessarily

limited the number of otherwise relevant studies included for

critical appraisal, data extraction, and final analysis.

The titles identified during the initial search phase were

divided among three reviewers and screened using a bespoke

screening tool (DateX). A Fleiss’ Kappa (k) Test (Fleiss

1971) was applied at title and abstract levels on 500 and 200

randomly selected articles, respectively. The Kappa test was

repeated, with discrepancies discussed among four review

team members until a minimum score of 0.6 was reached.3

2 Mendeley and Endnote.
3 To ensure that all reviewers applied the inclusion and exclusion

criteria consistently, 500 titles were randomly selected to conduct an

‘inter-rater’ agreement Fleiss’ Kappa (k) Test (Fleiss, 1971). Three

reviewers screened 200 articles at the title level in the first kappa test,

yielding a k score of 0.54, below the required threshold of 0.6. After

discussing discrepancies and application of the inclusion/exclusion

criteria among reviewers, a second kappa test was run, resulting in a k

score of 0.61, permitting progress to full title screening. A similar

process, including two rounds of kappa testing, was done at abstract

level screening, resulting in a kappa score of 0.6.
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After title and abstract screening, 795 studies were

remained for full review. However, given the high number

(and limited resources), the reviewers reapplied the

screening criteria more strictly than before, further reduc-

ing the total number of articles for full text review to 391.

Critical appraisal and data extraction

Four reviewers followed a standardised critical appraisal

process as described in detail in the review protocol (see

Dressler et al. 2015). Specifically, studies included in the

final analysis and synthesis met a minimum quality stan-

dard as established in the critical appraisal process. Given

this review has considered two sets of outcomes (liveli-

hoods and ecosystem services), and the studies included a

range of designs and methodological approaches, from

quantitative studies with experimental designs through to

observational studies and ethnographic work. In order to

accommodate this diversity, we adopted a principle-based

approach to critically appraise and assess the quality of

studies, organised under different quality domains, such as

study directness, conceptual framing, transparency, valid-

ity, and cogency among others (see Table S3). This

approach allowed us to accommodate qualitative studies

and methods (including non-randomised, ethnographic, and

observational studies), which may not normally have been

considered in more conventional systematic reviews.

Whether qualitative or quantitative, each study was

initially assessed using the critical appraisal framework

with a score allocated for each of the 12 questions or

principles. The scores then assigned ratings of very low-to-

high quality for each study (see Table S3). This was the

final assessment for qualitative studies, but an additional

Risk of Bias (RoB) tool (Table S4) was applied to quan-

titative studies (see Bilotta et al. 2014). This tool builds on

the best practices examples offered by the Cochrane Col-

laboration and is adapted for use in environmental and

natural resources reviews.

Studies deemed to have a final quality rating of low or

very low were excluded from the analysis phase and

archived. Studies with a quality rating of high or moderate

were included in the final analysis. All components of the

quality assessment were conducted for each study by at

least two reviewers to minimise reviewer subjectivity. Any

discrepancies were then discussed among the reviewers,

and agreement was reached on the final quality assessment.

During the data extraction process, the same reviewers

recorded the basic study details, and more detailed out-

come data with a random sample of studies used to check

the consistency of data recording. In cases where a paper

reported results from more than one study site, these were

considered as separate studies and assigned a unique ref-

erence number (UNID).

Data synthesis

Data synthesis deviates the most from the approach

described in the protocol (Dressler et al. 2015), and so is

described in detail here. Initially, the sustainable liveli-

hoods framework was proposed as a means of under-

standing any reported change in outcomes by assigning a

value of between 0 and 2 to each study depending on

whether the results suggested a move towards livelihood

vulnerability (0) or security (2) (see Dressler et al. 2015).

However, this approach was unfeasible because many

studies did not include the sufficient range of livelihood

capitals. Instead, individual studies were examined in terms

of the described outcomes and organised into a matrix

further explained in ‘‘Qualitative data analysis’’ section.

Quantitative ecosystem services data were synthesised

using a more formal statistical meta-analysis approach. The

major deviation from the protocol was that not all the

anticipated ecosystem service groups or associated

parameters (e.g. erosion rates and runoff) were sufficiently

reported on a comparative basis in the studies to permit

inclusion. Instead, the most robust comparative data

reported on soil and carbon properties and their specific

state or stock variables [e.g. cation-exchange capacity

(CEC), bulk density (BD), soil organic carbon (SOC), and

above ground carbon (AGC), respectively] were used

rather than the flow or provision of ecosystem services.

Qualitative data analysis

Driver-outcome matrix

Textual, qualitative evidence was assigned to categories in

a matrix clustered into three main groups: underlying dri-

vers, proximate drivers, and outcomes (Table S5). A binary

score was assigned for each study under each category,

where ‘1’ indicates the presence of drivers or outcomes and

‘0’ indicates its absence. Each study was also assigned to

one of four transition typologies:

• Long-fallow swidden (LFS) to short-fallow swidden

(SFS)4;

• LFS to perennial cash crop;

• LFS to annual cash crop;

• LFS to forest.

The specific type of transition was also captured under

each typology, for example, LFS to oil palm, LFS to maize,

or LFS to SFS (e.g. 15-Year Fallow to 5-Year Fallow).

Given the large number of categories, the summary data

presented here only represent results for those categories

4 LFS is greater than or equal to 5 years fallow, while SFS is less than

5 years fallow.
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with total frequencies greater than the calculated median

value.

Qualitative comparative analysis

Using data from the driver-outcome matrix and frequency

data, the categories with a total score greater than the

median value were examined using qualitative comparative

analysis (QCA).5 QCA uses Boolean logic to statistically

conduct cross-study comparisons in a Truth Table (Legewie

2013), which determines whether certain factors (conditions

or drivers) or combinations thereof produce a given outcome

and in how many cases. The QCA was only applied to the

textual, qualitative data of the livelihoods analysis; the

quantitative data were examined separately in a formal

meta-analysis (‘‘Qualitative comparative analysis’’ section).

We used QCA to analyse each of the three most com-

mon underlying and proximate drivers and the full list of

outcomes under all land-use transitions. This process was

then repeated for each transition individually, using the

results for those studies reporting a transition to annual

cash crops, perennial cash crops, or shorter fallows.

Quantitative data: Meta-analysis

The majority of quantitative data were extracted from studies

reporting soil properties and aboveground carbon stocks. As

such, statistical meta-analysis was only possible for these

studies. For parameters reporting results using different units,

the standardised mean difference (SMD) or ‘Hedge’s g’ was

selected to permit comparison (Higgins and Green 2011). In

cases where the units were the same or could be easily and

accurately converted, the continuous mean difference was

applied instead. It was assumed that because a range of data

collection methods were used in the studies and that the subject

groups (agricultural systems in a variety of contexts) would

vary; there would be real differences in reported results or

effect sizes. For this reason, all meta-analyses were run as

random effect models as opposed to fixed effect models, which

assume a single ‘true’ effect size (Higgins and Green 2011).

Data relating to a variety of ecosystem service domains

and associated parameters were compiled in a matrix and

organised by transition with values for LFS compared with

those for alternative land use. Soil properties for which there

was sufficient data to permit meta-analysis included SOC,

BD, and CEC. The only ecosystem property with sufficient

data for meta-analysis was aboveground carbon stock

(AGC). Studies included for analysis had to report mean,

standard deviation, and sample size for a given parameter.

Scholars were contacted to request any missing data or to

estimate standard deviation from the standard error and

sample size if available. In some instances, data were

extracted from published figures using an online application,

Web Plot Digitizer.6 When this information was irretriev-

able, the study was excluded from analysis. Each of the

parameters was then treated using Open Meta Analyst.7

Meta-analysis was conducted on all data points for a given

parameter regardless of transition type to assess the overall

effect of a shift from LFS to any alternative land use. This was

performed separately for soils data in the upper horizon (up to a

depth of 10 cm) and for data in the lower horizons (20–40 cm).

Subsequently, individual meta-analyses were conducted for

each transition type for each parameter, again at two different

soil depths. The results were presented numerically and

graphically as a forest plot8 (see Figs. 3, 4, 5, 6). Tests for

heterogeneity includedv2, degrees of freedom,pvalues, and I2,

and were reported for all analyses. Results were considered

significant at the 90 % level and I2 values of 75 % or below

were considered acceptable (Higgins et al. 2003).

Effect modifiers

Where reported in the studies, potential effect modifiers or

confounding variables were recorded. These are variables

that have the potential to influence the outcomes reported

and which may limit the ability to generalise findings. They

included topography, forest ecosystem type, elevation,

pedological factors (e.g. soil type and texture), application

of inorganic inputs (e.g. fertiliser, herbicide, and pesticide),

climate (e.g. rainfall and temperature), and slope.

RESULTS

Search, screening, and critical appraisal results

Online searches returned a total of 17 198 articles supple-

mented by 11 articles from organisational websites, 62

5 fsQCA 2.5 software uses the Quine-McCluskey algorithm to arrive

at a ‘solution’ or combination of drivers which are likely to produce a

given outcome (Ragin 2008). In order to judge the performance of

each analysis and whether results are meaningful and acceptable, two

important indicators were used: coverage and consistency. Coverage

indicates what percentage of cases (studies) are covered by the given

solution and consistency indicates the level of consistency with which

that solution explains the outcome (i.e. the significance). If consis-

tency scores are\1 then some studies deviate from the general

pattern identified and therefore scores over 0.7 are considered

acceptable.

6 http://arohatgi.info/WebPlotDigitizer/app/?.
7 http://www.cebm.brown.edu/open_meta.
8 Forest plots are a widely recognised, standard way of illustrating

graphically the results of a meta-analysis, see http://www.cebi.ox.ac.

uk/for-practitioners/what-is-good-evidence/how-to-read-a-forest-plot.

html.
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articles from direct searches in libraries, and 45 articles

suggested by experts in the field. A grand total of 17 208

unique journal articles, book chapters, project reports, the-

ses, and conference proceedings were found and stored after

the removal of duplicates. Table 1 summarises the results of

various stages of screening and critical appraisal. In total,

data were extracted from 93 different study sites across 82

different papers (a complete list can be found in Table S2).

Description of included studies

The majority of studies came from peer-reviewed journals,

published between 1993 and 2015 (Fig. 1).

Of the 93 different studies, the majority (60) were

focused on livelihood outcomes, most of which (39) used

qualitative methods. There were 33 studies presenting

results for ecosystem services, with most using quantitative

methods. Only three used mixed methods and one was

qualitatively oriented.

The studies covered a wide geographical distribution.

Most studies were located in Laos (n = 26), possibly

reflecting the persistence (and recent rise in study) of

swidden and associated transitions there compared to

elsewhere. The majority of the remaining studies were

distributed between Thailand, Vietnam, Malaysia, and

Indonesia with 5 studies from the Philippines, 2 in Papua

New Guinea, and 1 in Myanmar (Fig. 2). The authors also

defined the distribution of studies into four transition types

drawn from grouping the study comparators from the

selected literature (see also Fig. 2). These include a clear

trend for transition from LFS to shorter fallows or annual

crops in mainland Southeast Asia (Vietnam, Laos, Thai-

land and Myanmar); a transition to perennial crops in

northern Laos and Vietnam (in most cases to rubber, see

Ziegler et al. 2009b; Fox et al. 2012); and a transition to

perennial crops, including, but not limited to, oil palm and

rubber plantations in insular Southeast Asia (Malaysia and

Indonesia). At the regional level, 33 studies (36 %)

describe transitions to perennial crops, 31 studies (33 %)

transitions to shorter fallow systems, 28 (30 %) transitions

to annual crops, and just one study (*1 %) investigates a

transition to permanent forest cover.

Table 1 Summary of screening, critical appraisal, and data extraction process with remaining studies at each stage

Review Stage Action

Full title search n = 17 208 titles returned

Title screening n = 3051 relevant titles retained

Abstract screening n = 391 relevant abstracts retained

Critical appraisal n = 110 retrievable studies of sufficient quality (177 Excluded, 10 duplicates removed, 82 missing texts,

2 very low quality, 22 low quality, 80 moderate quality and 18 high quality studies)

Data extraction n = 110 articles reduced to 93 separate studies
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Drivers of land-use transitions and livelihood

outcomes in Southeast Asia

This section describes the results for underlying and

proximate drivers of swidden transitions and their liveli-

hood outcomes.9 These results are based on qualitative

livelihoods data and disaggregated by transition type.

Underlying drivers

The major underlying drivers of the transition from LFS to

alternative land uses documented in the included studies

were land-use policies, population pressure, and market

influences. We characterise land-use policies as purposive

(state, bilateral, and NGO) policies determining and influ-

encing the governance, access to, and use of land (for

example, forest and land allocation, conservation reserves,

and agricultural zones). Population pressure in upland areas

refers to any association of endogenous, demographic

growth and increases due to in-migration or (re)settlement

within swidden and non-swidden communities. These

population-increase dynamics can be driven by lowlander

and uplander responses to perceived economic opportuni-

ties and/or enforced through compulsory government

resettlement schemes. Market influence broadly refers to

the increased economic exchange of commodities (typi-

cally from forests and agriculture) based on monetary

values. Our definition also includes sub-themes such as

access to markets via intermediaries, increased prices for

products, and incentive schemes from national govern-

ments or other actors to increase the production of certain

crops.

Of these major drivers, land-use policies arose most

frequently in the review (59 times) as the most important

driver of change overall. This was also disaggregated

across each transition type from LFS to annual crops (23),

perennial crops (19), and short fallow systems (16). Market

influence was the most important driver in terms of the

shift from LFS to perennial crops. This indicates the

influence that existing and newly emerging markets have in

inducing farmers to plant perennial crops (e.g. rubber, oil

Fig. 2 Number of studies reported by country and transition type. The pie charts indicate the proportion of studies for each transition type with

the total number of studies (n) shown in parentheses. The size of each pie chart is relative to the number of studies i.e. larger pie = more studies

9 Detailed descriptions of drivers and outcomes including sample and

exemplary text from specific studies can be found in Table S5.
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palm, coffee, and timber) within swidden systems for sale

through rural traders, direct buyers, or transportation to

markets or processors, as well as the land-use policies that

support these market transitions. After land-use policies,

population increase was the next most important factor

inducing the shift from long-fallow to short-fallow systems

(15) (Table 2).

Proximate drivers

The most significant proximate drivers of the transition

from LFS to a range of other land uses included (from

greater to lesser importance) intensification, restricted

access to land and individualised tenure. Land-use inten-

sification generally referred to the process by which upland

swidden farmers increased production from a fixed or

reduced area of land. In these studies, LFS or the alterna-

tive land uses were intensified primarily as a result of

policies which restricted, altered, or influenced the type or

extent of swidden practice. Restricted access to land

referred to the process of physically restricting access to

land via enforced allocation, enclosure, or imposed tenure

arrangements. Individualisation of tenure referred to

instances where customary land rights gave way to private

(de facto or de jure) ownership of land (by either an indi-

vidual or family), which drove transitions away from (more

extensive) traditional uses and often towards activities

increasing household income and benefits. Some studies,

however, described circumstances in which this could be as

much an outcome as a driver (e.g., smallholders planting

cacao on shared fallow lands to remove it from the com-

mons and individualise tenure: see Belsky and Siebert

2003; Feintrenie et al. 2010).

The process of intensification was a significant direct

driver (cited in 61 studies) of the transition from LFS to

other land uses, particularly permanent perennial crops

(24)—a transition that was indicative of producing more

(cash) crops on fixed or smaller plots of land. Restricted

access to land and individualised tenure were frequently

cited direct drivers of shifts from LFS to permanent annual

crops (14) and permanent perennial crops (13), respec-

tively. Restricted access to land and individualised tenure

both facilitated transitions to shorter fallow periods (10 and

8 studies, respectively). No significant land access restric-

tions existed in cases where LFS returned to mature forest

cover.

Livelihood outcomes

The overall influences of underlying and proximate drivers

of the main transitions are linked to a range of mainly

negative outcomes for the livelihoods of uplanders in

Southeast Asia. The most widely reported, illustrative

livelihood outcomes included reduced access to swidden

fallow (41) and a decline in staple yield (33) due to (a

perceived decline in soil fertility from) shifts to permanent

annual and perennial crops, and a rise in short fallow

systems (Table 3). These outcomes are clearly related and

cannot be treated in isolation, as shown in the quotations

below.

These two main outcomes contributed to food insecurity

through changes in access and productivity of land. The

following text evidence exemplifies the role of land-use

policies in influencing access to fallow land. Several

studies, including Castella et al. (2013) and Jakobsen

(2006), show how land-use policy influences access to

fallow lands and induces transitions. Castella et al. (2013)

write, for example, that in the Lao PDR, the ‘‘LUPLA

[Land Use Planning and Land Allocation Policy] also

aimed at substituting individual land certificates for cus-

tomary land tenure arrangements (i.e. right of clearance or

‘axe rights’). Each household was allocated three upland

plots, which meant that the maximum fallow period pos-

sible was limited to two years’’ (Castella et al. 2013).

Jakobsen (2006) notes for Vietnam how ‘‘following the

restrictions on shifting cultivation, the total area of fallow

land also began decreasing, while the area of secondary

forest began increasing’’ (p. 107).

In terms of declines in staple yield, Lestrelin et al.

(2012) show how reduced fallow systems have produced

Table 2 Summary table showing the number of studies citing major underlying and proximate drivers, organised by the type of transition from

Long-Fallow Swidden (LFS) in Southeast Asia

Transition Underlying drivers Proximate drivers

Land-use

policies

Population

increase

Market

influence

Individualised

tenure

Intensification Restricted

land access

LFS to forest 1 0 1 1 0 1

LFS to annual crops 23 9 15 10 19 14

LFS to perennial crops 19 7 30 13 24 12

LFS to shorter fallow 16 15 8 8 18 10

Grand total 59 31 54 32 61 37
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‘‘decreasing yields due to impoverished soil and land lost

to gullies’’ (p. 69). Similarly, Ducourtieux (2006) finds that

‘‘Land allocation has had a direct impact on swidden

cultivation in Yapong. The forest reserves are taken out of

rotation, then the surface area of fallow land available for

swidden cultivation regressed. The age of the fallow upon

slashing dropped from 10 to 3 years. Yield is limited to

600 kg/ha of paddy rice on the plot cleared in the year,

compared to 1300 kg/ha for the village of Samlang, in a

forest zone, i.e. a 54 % reduction’’ (p. 17).

Typically associated with these outcomes was a range of

adverse impacts, including a narrowing of livelihood

options (27) and the deprioritization of upland rice (27),

which tend to reduce socio-economic ‘buffers’ to food

insecurity. These were often associated with reduced socio-

cultural well being (22) and reduced customary practices

(ritual, etc.) (20). While some studies indicated an increase

in overall income from the shift from swidden to perma-

nent perennial crops (12), which stands to benefit house-

hold finances and may offset a decline in staple yield, there

was broader indication of constraints being placed on the

foundations of household livelihoods. This includes, for

example, an increase in labour input (26) and income (20)

from investing in perennial crops and annuals that come at

the expense of overall social and cultural wellbeing

(Table 3). In time, however, many farmers’ socio-eco-

nomic standing may rise as they consciously invest more

capital into cash cropping for greater financial return.

Qualitative comparative analysis results

In terms of underlying drivers, the combination of land-use

policies and markets influenced a third of the cases

involving a transition to annual crops and decline in staple

yields (Table 4). This same combination of factors was also

present in 76 % of cases in which access to fallow land was

reduced under a transition to perennial cash crops. In

almost half of the cases, land-use policies alone (without

the influence of markets and population increase)

contributed to a reduction in staple yield (44 %) and

reduced access to fallow land (45 %) under short-fallow

transitions. In most cases, then, land-use policies worked

somewhat independently to strongly influence a range of

outcomes.

Across all transition types, 80 % of cases documenting

reduced access to fallow land involved a combination of

land-use intensification and restricted access to land. Under

transitions to annual cash crops, the combination of indi-

vidualisation of tenure and land-use intensification was the

most influential mix of proximate drivers. In combination,

they affected more than half of the cases (between 50 and

63 %, with statistical significance) across 4 of 9 outcome

areas including an increase in labour input, narrowed

livelihood options, reduction in customary practices, and

reduced socio-cultural wellbeing.

As combined proximate drivers, the individualisation of

tenure and restricted access to land were present in 46 % of

cases observing a reduction in staple crop yield; 53 % of

cases in which upland rice was deprioritised; 60 % of cases

in which livelihood options were narrowed; and 71 % of

cases in which access to fallow land was restricted. Simi-

larly, this combination of proximate drivers also explained

73 % of cases involving a reduction in access to fallow

land under a transition to shorter fallow systems.

Land-use transition impacts on ecosystem services:

Soil properties and aboveground carbon stocks

Land-use transitions were also examined in terms of their

impact on soil properties and aboveground carbon (AGC)

stocks in swidden fields themselves; these serve as key

components of soil fertility and carbon sequestration, two

important ecosystem services. We broadly characterise

‘ecosystem services’ as the beneficial biophysical compo-

nents of nature that are used to support peoples’ wellbeing

and livelihoods, and the overall resilience of forest land-

scapes (Boyd and Banzhaf 2007).

Table 3 Summary of studies citing major livelihood outcomes as a result of transitions away from long-fallow swidden (LFS) in Southeast Asia

Transition Outcomes

Reduced

access to

fallow

Decline in

staple yield

Reduced

socio-cult.

wellbeing

Narrowed

LH option

Deprioritisation

upland rice

Increase

labour input

Reduced

customary

practice

Increased

income

LFS to forest 1 0 1 1 0 0 1 0

LFS to annual crops 12 11 8 10 9 10 10 8

LFS to perennial crops 17 13 10 12 15 11 7 12

LFS to short fallow 11 9 3 4 3 5 2 0

Grand total 41 33 22 27 27 26 20 20

Ambio 2017, 46:291–310 299

� The Author(s) 2016. This article is published with open access at Springerlink.com

www.kva.se/en 123



T
a

b
le

4
S

u
m

m
ar

y
re

su
lt

s
o

f
q

u
al

it
at

iv
e

co
m

p
ar

at
iv

e
an

al
y

si
s

(Q
C

A
).

P
er

ce
n

ta
g

e
fi

g
u

re
s

re
p

re
se

n
t

th
e

p
ro

p
o

rt
io

n
o

f
st

u
d

ie
s

w
h

o
se

re
p

o
rt

ed
o

u
tc

o
m

e
ca

n
b

e
ex

p
la

in
ed

b
y

th
at

co
m

b
in

at
io

n
o

f

d
ri

v
er

s
w

it
h

ab
so

lu
te

n
u

m
b

er
o

f
ca

se
s

in
p

ar
en

th
es

es
.

N
o

te
th

at
o

n
ly

st
at

is
ti

ca
ll

y
si

g
n

ifi
ca

n
t

re
su

lt
s

(i
.e

.
th

o
se

w
it

h
a

co
n

si
st

en
cy

sc
o

re
o

f
C

0
.7

an
d

co
v

er
ag

e
sc

o
re

s
o

f
C

2
5

%
)

ar
e

in
cl

u
d

ed
h

er
e.

B
la

n
k

s
in

th
e

ta
b

le
in

d
ic

at
e

re
su

lt
s

fo
r

th
e

co
m

b
in

at
io

n
o

f
d

ri
v

er
s

fo
r

th
at

o
u

tc
o

m
e

w
er

e
n

o
t

st
at

is
ti

ca
ll

y
si

g
n

ifi
ca

n
t

an
d

th
er

ef
o

re
n

o
t

in
cl

u
d

ed

C
o

m
b

in
at

io
n

o
f

d
ri

v
er

s
b

y
tr

an
si

ti
o

n
ty

p
e

O
u

tc
o

m
es

D
ec

li
n

e
in

st
ap

le
y

ie
ld

D
ep

ri
o

ri
ti

sa
ti

o
n

o
f

u
p

la
n

d
ri

ce

In
cr

ea
se

in

la
b

o
u

r
in

p
u

t

In
cr

ea
se

d

in
co

m
e

N
ar

ro
w

ed

li
v

el
ih

o
o

d

o
p

ti
o

n
s

R
ed

u
ce

d

ac
ce

ss
to

fa
ll

o
w

la
n

d

R
ed

u
ct

io
n

in

cu
st

o
m

ar
y

p
ra

ct
ic

es

R
ed

u
ce

d

S
o

ci
o

-c
u

lt
u

ra
l

w
el

lb
ei

n
g

A
ll

tr
an

si
ti

o
n

s

In
d

iv
id

u
al

is
at

io
n

o
f

te
n

u
re

?
re

st
ri

ct
ed

ac
ce

ss
to

la
n

d
5

2
%

(1
9

)

In
te

n
si

fi
ca

ti
o

n
?

re
st

ri
ct

ed
ac

ce
ss

to
la

n
d

8
0

%
(2

0
)

L
F

S
to

an
n

u
al

ca
sh

cr
o

p
s

A
b

se
n

ce
o

f
in

d
iv

id
u

al
is

at
io

n
o

f
te

n
u

re
?

re
st

ri
ct

ed
ac

ce
ss

to
la

n
d

4
5

%
(6

)

In
d

iv
id

u
al

is
at

io
n

o
f

te
n

u
re

?
in

te
n

si
fi

ca
ti

o
n

6
0

%
(7

)
6

0
%

(7
)

5
0

%

(7
)

6
3

%
(8

)

In
d

iv
id

u
al

is
at

io
n

o
f

te
n

u
re

?
re

st
ri

ct
ed

ac
ce

ss
to

la
n

d
5

8
%

(8
)

In
te

n
si

fi
ca

ti
o

n
?

ab
se

n
ce

o
f

re
st

ri
ct

ed
ac

ce
ss

to
la

n
d

5
0

%
(8

)

L
an

d
-u

se
p

o
li

ci
es

?
m

ar
k

et
in

fl
u

en
ce

s
3

3
%

(4
)

P
o

p
u

la
ti

o
n

in
cr

ea
se

?
ab

se
n

ce
o

f
m

ar
k

et
in

fl
u

en
ce

2
7

%
(3

)
2

5
%

(3
)

L
F

S
to

p
er

en
n

ia
l

ca
sh

cr
o

p
s

In
d

iv
id

u
al

is
at

io
n

o
f

te
n

u
re

?
in

te
n

si
fi

ca
ti

o
n

6
4

%
(8

)

In
d

iv
id

u
al

is
at

io
n

o
f

te
n

u
re

?
re

st
ri

ct
ed

ac
ce

ss
to

la
n

d
4

6
%

(8
)

5
3

%
(5

)
6

0
%

(8
)

7
1

%
(8

)

L
an

d
-u

se
p

o
li

ci
es

?
p

o
p

u
la

ti
o

n
in

cr
ea

se
2

5
%

(3
)

L
an

d
-u

se
p

o
li

ci
es

?
m

ar
k

et
in

fl
u

en
ce

s
7

6
%

(1
6

)

L
F

S
to

sh
o

rt
er

fa
ll

o
w

A
b

se
n

ce
o

f
la

n
d

-u
se

p
o

li
ci

es
?

p
o

p
u

la
ti

o
n

in
cr

ea
se

In
d

iv
id

u
al

is
at

io
n

o
f

te
n

u
re

?
re

st
ri

ct
ed

ac
ce

ss
to

la
n

d
7

3
%

(9
)

In
d

iv
id

u
al

is
at

io
n

o
f

te
n

u
re

?
ab

se
n

ce
o

f
in

te
n

si
fi

ca
ti

o
n

3
3

%
(2

)

L
an

d
-u

se
p

o
li

ce
s
?

ab
se

n
ce

o
f

m
ar

k
et

in
fl

u
en

ce
4

4
%

(5
)

L
an

d
-u

se
p

o
li

ci
es

?
ab

se
n

ce
o

f
p

o
p

u
la

ti
o

n
in

cr
ea

se
4

5
%

(5
)

300 Ambio 2017, 46:291–310

123
� The Author(s) 2016. This article is published with open access at Springerlink.com

www.kva.se/en



We examined the impact of transitions from swidden to

other land uses on soil properties and AGC by conducting a

quantitative meta-analysis using 29 of the 93 studies

included in the review. These studies used one of three

methodologies to compare impacts: (1) cross-site compar-

isons; (2) substitution of space for time (the chronose-

quence approach); or 3) ‘before and after’ land-use change

studies. Results are presented for those significant at the

Fig. 3 Forest plot showing the effect of transitions from long-fallow swidden to other land uses (mainly changes in fallow length) on

aboveground carbon stock (mixed units)

Fig. 4 Forest plot showing effect sizes and summary effect size for concentration of soil organic carbon (%) across all land-use transitions at a

soil depth of 0–10 cm

Fig. 5 Forest plot showing effect sizes and summary effect size for soil bulk density (inverse values) across all land-use transitions at a soil

depth of 20–40 cm
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95% level and with a low-to-moderate level of hetero-

geneity of B75 % (Higgins et al. 2003).10 The transition

from LFS to short or no fallow (continuously cultivated)

systems revealed an overall substantial negative effect

(-2.439) on AGC (Fig. 3).11 Results show low hetero-

geneity across the reported study results (I2 = 16.56 %),

which suggests that over 80 % of the variability could be

owing to non-random treatments effects. Taken together

these results indicate that there was an overall negative

effect on AGC as land-use transitions from longer to

shorter fallows.

SOC showed an overall negative effect (-0.56) with the

shift from LFS to alternative land uses resulting in reduced

overall levels of soil carbon (Fig. 4). These results are

significant (p\0.01) and have a moderate level of

heterogeneity (I2 = 69.18 %). As an important determinant

of soil health and productive capacity, even a small

reduction in SOC in the upper soil horizon can negatively

affect crop productivity and overall agricultural yields (Lal

2006; Söderström et al. 2014).

The only significant results meeting the heterogeneity

threshold (\75 %) were those from soil depths of

20–40 cm, and there was no overall effect detected in the

reported results from these 3 studies (Fig. 5).12 A large

amount of variability can be observed in these results

(-0.423 to 0.454) with a moderate level of heterogeneity

(I2 = 52.55 %) and effects just outside the 95 % signifi-

cance level. This suggests that effect modifiers may have a

substantial influence on BD, which may not have been

captured or adjusted for in the study results. These results

may also reflect the fact that soil BD is an extremely

variable parameter, which tends to be under sampled given

the labour intensity involved (Don et al. 2011).

There are substantial and statistically significant

reductions in CEC for both the upper (0–10 cm) and

lower (20–40 cm) soil horizons associated with transitions

from LFS to more intensive land uses, each with very low

heterogeneity (Fig. 6a, b). In the upper soil horizon

(Fig. 6a), effects are negative across all studies, with

transitions to alternative land uses from LFS resulting in

reduced CEC. In the deeper soil horizons (Fig. 6b), effects

are more variable with a smaller overall effect size

compared to that in upper horizons. This could be

attributed to the influence of soil type and underlying

geology which may influence CEC at lower depths,

whereas in the upper 10 cm, management practice and

land-use type tend to have more of an effect. As the

studies are from areas with low activity clay soils (mainly

Ultisols dominated by kaolinite with a very low CEC

value of 2–10 cmol kg-1), the CEC value may be affected

by the content of soil organic matter, which is also neg-

atively affected in studies reporting both of these

parameters. In general, then, land-use transitions out of

swidden fallow into more intensified reduced fallow sys-

tems result in a decline in soil fertility.13

DISCUSSION

This systematic review began with the question: How do

the drivers of transitions—and the transitions them-

selves—from LFS systems to alternative land-uses impact

upon livelihoods and ecosystem services in the uplands of

Southeast Asia? In answering this question, we examined

the drivers, impacts, and outcomes of these transitions and

the linkages interconnecting them. The question has long

been part of forest governance policy debates concerning

the relative impact of swidden systems on the forest

resources and ecosystem services of economic importance

to nation-states across Southeast Asia. In most cases, long-

standing negative assumptions about swidden agriculture

have led to its vilification and criminalisation (Conklin

1954; Kunstadter et al. 1978; Fox 1982; Dove 1983; Mertz

and Bruun 2016), giving rise to punitive policies that have

significantly impacted upon livelihoods and landscapes in

the uplands (Fox et al. 2014)—–something Dove (1983)

called the ‘political economy of ignorance’. These national

policies remain remarkably resilient despite numerous

studies showing that the potential remains for swidden to

support poor upland peoples’ livelihoods and ecosystem

services, and that swidden farmers are best placed to

10 Figures used to present results are forest plots which summarise

the effect sizes when comparing data from long-fallow swidden

systems and alternative land uses. Each plot shows results for each

study (including author, date, transition type, and unique ID

reference) with full details of the study provided in Table S6. The

forest plot shows an effect size estimate and overall summary effects.

The boxes on the plot range in size depending on their weight, allo-

cated based on sample size and the horizontal lines represent the 95 %

confidence interval. The dotted line through the diamond shows the

summary effect across all studies which is used in interpreting the

entire dataset. Details of overall heterogeneity across study results and

p-values are also included in parentheses.
11 For AGC, individual study results were presented in a variety of

units for both biomass and carbon. These were converted to a standard

AGC estimate and compared using a standardised mean difference

(SMD) treatment based on 12 data points across 3 studies.
12 Results for the upper soil horizon were highly heterogeneous (and

thus not presented here) but did show a small net increase in bulk

density under alternative land uses. In particular, when the effects of

transition to perennial cash crops (pepper, oil palm and rubber) were

isolated, there was a statistically significant and moderate increase in

bulk density with a level of heterogeneity just outside our defined

threshold of 75 %.

13 This is corroborated to some extent by the QCA results which

showed that for transitions from LFS to shorter fallow systems, in

almost 80 % of cases where intensification was cited as a major

driver, a decline in soil fertility was reported.
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manage their systems at an intensity and scale appropriate

to their needs (Conklin 1954; Brookfield and Padoch 1994;

Zimmerer 1996; Fox et al. 2000, 2014; Cramb et al. 2009;

Dressler 2009).

Swidden policies are perhaps more nuanced today than

in the past, as some state and NGO policies support the

livelihoods and land rights of swidden famers (Dressler and

Pulhin 2010). Nevertheless, polemical policy debates

concerning the impacts of swidden continue among inter-

national agencies, governments, civil society groups, and

upland farmers themselves (Astuti 2015). While the decline

of swidden fallow in Southeast Asia is clearly due to the

above-mentioned policy interventions and other drivers,

our analysis (and those of authors we have cited) demon-

strates that LFS still contributes to livelihood security and

ecosystem services for many poor uplanders today. In

many parts of Southeast Asia, swidden farmers continue to

manage their land, livelihoods, and social relations as the

process of agrarian change intensifies to encompass

increasing commodity production (e.g. palm oil, rubber,

and teak); expanding infrastructure development (dams,

mines, roads, bridges and ports); rising populations and in-

migration; outmigration to engage in paid labour; and

various restrictions over land access and use.

In many ways, then, the debate over the relative impact

of LFS remains unresolved, contested, and ambiguous in

policy arenas and development interventions (Fox et al.

2014). This review identified the key drivers affecting

swidden transitions, the main transitions, and their associ-

ated impacts on livelihoods and (selected) ecosystem ser-

vices in the region in order to better inform this policy

debate. By focusing explicitly on swidden transitions—

from one state to another—with robust, standardised data,

we offer a definitive statement on the broader value of

swidden practices in supporting ecosystem services and

livelihoods in the uplands of Southeast Asia.

Underlying drivers of land-use change

Confirming the global findings of van Vliet et al. (2012),

our analysis of the aggregated review data found that,

rather than just economic or social factors, land-use

Fig. 6 a Forest plot of effect sizes for cation-exchange capacity (cmol kg-1) at a soil depth of 0–10 cm. b Forest plot of effect sizes for cation-

exchange capacity (cmol kg-1) at a soil depth of 20–40 cm
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policies were the most significant underlying driver of the

transition from LFS to alternative land uses in Southeast

Asia (e.g. Hansen and Mertz 2006; Cramb et al. 2009).

These are mainly state-defined and driven land-use policies

that advocate the intensive planting of annual and perennial

crops with an associated reduction in swidden fallow, or

conservation policies that allocate swidden lands to pro-

tected areas (e.g. Belsky and Siebert 2003; Feintrenie et al.

2010). Fox et al. (2009) contest that land-use policies

reflect a system of classification (thematic types and labels)

and designations (zoning and incentives) that classify

people and agriculture in terms of swidden and permanent

agriculture in designated zoning schemes. In some cases,

such land-use zoning tends to associate swidden with

particular ethnic categories and facilitates relocation to

zones wherein cash cropping is adopted and supported

(Castella et al. 2013); in others, smallholders may join cash

cropping schemes largely under their own volition in des-

ignated land-use zones (Fox et al. 2014).

Land-use policies and market influences often work

together in affecting the extent to which swidden land-

scapes are converted to produce forest and or agricultural

commodities for domestic consumption or trade. We

showed that market influences strongly affect perennial

cash crop production, particularly rubber and oil palm, in

former swidden landscapes. Moreover, the QCA shows that

the combination of land-use policies and markets played a

significant role in influencing the transition of swidden to

perennial cash crops (e.g. Evans et al. 2011). As part of

this, increasing commodity prices were frequently cited

signals for governments, corporations, and farmers to

undertake or promote the transition from swidden fallow to

monocropped plantations of oil palm, rubber, and teak,

among others (Dendi et al. 2004; McCarthy 2010). Coupled

with population pressure, these underlying drivers pro-

duced the ideal ‘enabling’ conditions for the conversion of

swidden landscapes to short-fallow systems and permanent

tree-crop or annual crop agriculture (Wadley and Mertz

2009).

Integrated proximate drivers of land-use change

The range of proximate drivers involved a general trend

toward the intensification of land uses, individualised

tenure, and restricted access to land in transitions out of

swidden. While some proximate drivers of LFS transitions

can have an impact separately from others (including, for

example, restricted access to land driving the shift to

shorter fallows), the QCA showed that this is seldom the

case and that drivers in combination elicit many of the

outcomes. For example, broader constraints of access to

land and patterns of intensification were most commonly

associated with reduced access to fallow land in upland

areas. Similarly, in cases where tenure is increasingly pri-

vatised (involving a shift from common access to indi-

vidual property rights), there is greater likelihood of

intensification and investment in annual crops. Once sep-

arated from the forest commons typically in the uplands,

the rise in individualised tenure renders former swidden

lands alienable to others through formal or informal market

transactions. In contrast, in cases where swidden fallows

regrow into mature forest (as usufruct rights attenuate over

time and space), fewer access restrictions prevail (Dressler

et al. 2012).

The livelihood and biophysical outcomes for upland

farmers experiencing transitions from LFS to other land

uses were overwhelmingly negative. The shift from swid-

den systems to permanent annual and perennial crops and

the rise in short-fallow cultivation led to declines in staple

yield and reduced soil fertility over time, together rein-

forcing household food insecurity. This was particularly

the case where swidden farmers experienced a narrowing

of livelihood options as they increased labour input to

specialised production of one or more annual cash crops—

a trend well established in certain literature (Cramb et al.

2009). While those swidden farmers who shift to cash

crops experience an overall increase in household income,

they also tend to deprioritise upland rice production,

resulting in declining supplies in staple food crops, and

experience a reduction in customary practices and socio-

cultural wellbeing. As the QCA showed, those farmers

working individual holdings with annual or perennial cash

crops tended to do so more intensively for commodity

markets, rather than produce crops for local consumption

and redistribution. While such livelihood trajectories were

rapidly intensifying, with market engagements often sig-

nificantly increasing overall income, there was an associ-

ated loss of diverse economic activities; this outcome can

increase household risk and taking time away from activ-

ities related to ‘domestic reproduction’ and socio-cultural

investments. In cases where more family labour was

devoted to producing commodities for sale than for

domestic needs (often involving greater debt), households

may experience a commodity ‘reproduction squeeze’

(Bernstein 1986). With an increase in labour input and

sustained intensification, the fields supporting perennial

and annual crops also suffered a decline in soil fertility

related to shorter or zero fallowing.

The QCA showed, moreover, that land-use policies—

even in the absence of other factors, namely markets and

population increases—directly contributed to reduced

access to fallow lands and declining staple yields. Impor-

tantly, LFS farmers whose staple production declined due

to zoning restrictions and had limited access to markets for

cash crops faced fewer livelihood opportunities and so

suffered both income and food insecurity. The absence of

304 Ambio 2017, 46:291–310

123
� The Author(s) 2016. This article is published with open access at Springerlink.com

www.kva.se/en



state livelihood support, in such instances, increased

livelihood risk, particularly when access to forest-fallow

products (e.g. non-timber forest products) was limited and

no longer provided an income buffer (Koczberski et al.

2012).

Ecosystem properties: Soil and carbon

Our meta-analysis of quantitative data revealed trends in

the effects of transitions on soil properties and carbon

stocks that were consistent with those observed in the

livelihoods data. Across most parameters for which there

were sufficient data, significant results, and low hetero-

geneity, the indicators of soil fertility (i.e. SOC and CEC)

and carbon stocks in LFS were negatively affected by

transitions to alterative land uses. These effects were

consistent across all transition types. The only exception

was for BD where there was no discernible effect. Results

varied with soil depth, with major impacts being observed

in upper layers (in particular CEC and SOC), that are the

most active in terms of nutrient cycling. However, at soil

depths of 20–40 cm, roughly half of the meta-analysis

results showed a negative effect on key soil properties with

the remaining half showing no net effect.14

Thus, land-use changes from LFS to perennial or annual

cash crops or short-fallow systems have net negative

impacts on overall soil fertility. Over time, this decline in

soil fertility negatively impacts on the growth and yield of

cash crops and monoculture plantations and potentially

reduces surplus production and annual income, unless

production is maintained or increased by applying chemi-

cal fertilisers. However, the application of inorganic fer-

tilisers may not support production indefinitely and could,

in extreme cases, lead to an exhaustion of soils that could,

in turn, limit farmers’ options to return to more labour-

intensive, less capital-intensive practices. The requirement

for sustained inputs to maintain productivity in intensified

monocropped systems can also increase capital outlays and

indebtedness among former swidden farmers with limited

savings (Nguyen et al. 2004; Valentin et al. 2008).

AGC was higher in LFS than in alternative land uses,

indicating the significantly reduced carbon storage capac-

ities in more intensified, monocropped systems at the plot

or field level. With the expansion of intensive perennial

and annual cash cropping systems replacing swidden sys-

tems in the uplands, there will be broader negative impacts

on aboveground carbon storage at the landscape scale. This

supports findings from other reviews of carbon dynamics

from various land uses in Southeast Asia (Bruun et al.

2009; Ziegler et al. 2012). While swidden has ‘conspicu-

ous’ sources of CO2 emissions when fallow forests are

cleared and burnt, much of the landscape under LFS

sequesters carbon during the regenerative fallow stage.

Intensifying the fallow cycles or replacing forest with

annual or short rotation crops results in lower average

carbon stocks over time across the landscape (see Ziegler

et al. 2012). Consequently, increased CO2 emissions are

likely to result from all of the land-use transitions identified

in the study.15

At the landscape scale, the reduction in AGC involving

transitions from LFS to more intensified land uses therefore

has important implications for climate change policy.

Indeed, the corollary of this is that positive carbon out-

comes can be achieved with policy interventions that

increase the areal extent of trees outside forests by

extending fallow rotations or incorporating a forest-fallow

period in crop production systems. Depending on the

overall carbon dynamics at the landscape scale and the

design of government subsidies and or other payment

systems, mechanisms like REDD? may provide financial

benefits for local communities while allowing them to

continue local food production under traditional fallow

systems (van der Ploeg 2014). The prospect of managing

for broader multi-functionality across upland forest—

farming landscapes (see Wiggering et al. 2003) already

aligns with COP 21, wherein those countries party to the

agreement ought to promote integrated, sustainable forest

management in support of upland farmers’ right to land,

livelihood, and climate change adaptation.

In summary, the evidence from this review points

towards consistently negative impacts arising from transi-

tions from LFS to other land uses across a range of

livelihood and ecosystem service indicators. Such transi-

tion impacts are primarily driven through various inte-

grated factors (land-use policies, infrastructure and market

expansion, and population growth/in-migration, among

others) that constrain and or eradicate LFS in the uplands

(see Fig. 7). Our analysis shows a connection between

underlying drivers resulting in transitions from LFS to

alternative land uses and associated impacts and outcomes

on livelihoods and ecosystem services. Underlying Drivers,

including governance and institutions, markets, and popu-

lation and land access issues, contribute to Proximate

Drivers that strongly influence the type of transition in the

medium term and livelihood and landscape level outcomes

in the longer term. Transitions from LFS generally resulted

14 This variation by soil depth is not surprising as we would

anticipate the effects of land use to be greater in the upper soil

horizons whereas at greater depths, other factors such as underlying

geology, leaching, and soil formation processes might be a greater

influence than the effect of land management and crop type.

15 The exception is when all agriculture (including swidden) is

removed completely to allow for full forest regeneration, but the net

effect will depend on where the swidden farmers are relocate and

what they do there.
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in four groups of alternative land uses, including:

(i) shortened fallows (intensification); (ii) LFS being

replaced wholly or partially by perennial crops such as oil

palm; (iii) LFS giving way to annual monocrops such as

maize; and (iv) territorial enclosure of former swidden

areas (for conservation, plantations, agriculture, etc.). The

Outcomes indicate that those farmers who were once

dependent on LFS-based livelihoods may have increased

vulnerability, and reduced food security, or may not be

affected by the transition in any significant way (no

change).16 These results challenge current policies and

practices that aim to tackle upland poverty, deforestation,

and climate change by replacing LFS with more intensive

and or restrictive land-use systems.

Our findings suggest that if such negative outcomes on

swidden farmers and ecosystem services are to be avoided,

policies and programme interventions must support inte-

grated, ‘land sharing’ approaches that enhance fallow

management. In more expansive upland areas, enhancing

integrated fallow management would involve working with

upland farmers to support variegated swidden fallows that

are agroecologically productive in ways that support crops

yields (for subsistence and market sales) and the co-pro-

duced ecosystem services. As such, broader land-sharing

approaches that formally demarcate spaces wherein

enhanced long fallow can coexist with other land uses

would give government, NGOs and farmers the opportu-

nity to realise the productive potential of long-fallow sys-

tems over time. Our evidence suggests that, rather than

being seen as anathema to productivity and sustainability,

LFS must be reframed as a legitimate source of livelihood,

agroecological renewal, and sustainable upland agriculture

(Dove 1983; Fox et al. 2000). As van der Ploeg (2014)

notes, upland farmers must play a greater role in defining

the trajectory of their agriculture with a higher degree of

autonomy over land and food production relative to other

more coercive approaches.

National policies and practices must consider where

swidden can continue in broader landscape mosaics. Pol-

icy-based zoning schemes can provide the appropriate

spaces and incentives that allow for more extensive land

uses to flank but not be encroached upon by other spaces

wherein farmers adopt perennial and annual cash cropping.

In the right upland conditions, the prospect of sharing lands

in this way makes it possible to maintain residual swidden

forest cover in the varied ‘in-between’ spaces of medium-

sized plantations and smallholder farms—a dynamic that

has long existed as part of ‘composite’ swidden systems

(Rambo 1998) in Southeast Asia. However, such spatial

(re)arrangement will only succeed if it is legislated in

spatially explicit policies—that is, policy advocating

tenurial security in specific swidden fallow zones. The

potential for long-fallow swidden to support

Fig. 7 A model of the drivers and outcomes associated with transitions from long-fallow systems to alternative land uses in terms of livelihoods

and ecosystem services

16 The list of indicators is not exhaustive but rather suggestive of the

types of information and data extracted from studies.
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agroecologically diverse landscapes is thus most feasible

when supported by formal state policies that advocate land-

sharing approaches.

While the prospect of promoting or creating space for

long-fallow swidden remains challenging in the context of

agrarian change, it has considerable potential to maintain

and enhance livelihood security and ecosystem services.

The results of this study indicate an urgent need to amend

forest governance and agricultural policies that advocate

the full incorporation and/or displacement of upland

swidden peoples into intensified production schemes.

Rather than maintain policies that seek to prohibit and

often criminalise swidden, broader landscape approaches to

forest governance would keep farmers on their land,

working with fallowing systems that enhance rather than

deplete ecosystem services and livelihood security. Such an

approach stands the greatest chance of sustainable upland

agriculture and climate change mitigation for the future.

Acknowledgments The authors wish to acknowledge the support of

the Centre for International Forestry Research (CIFOR) via the award

of an Evidence-Based Forestry grant administered on behalf of the

UK Government’s Department for International Development (DfID)

under the KNOW-FOR programme. We also wish to recognise the

helpful comments and inputs provided by Dr Carol Colfer which have

greatly improved this paper.

Open Access This article is distributed under the terms of the

Creative Commons Attribution 4.0 International License (http://

creativecommons.org/licenses/by/4.0/), which permits unrestricted

use, distribution, and reproduction in any medium, provided you give

appropriate credit to the original author(s) and the source, provide a

link to the Creative Commons license, and indicate if changes were

made.

REFERENCES

Astuti, R. 2015. REDD? Governmentality: Governing Forest, Land

and Forest Peoples in Indonesia. PhD Thesis, Department of

Geography, Environment and Earth Sciences, Victoria Univer-

sity of Wellington.

Belsky, J.M., and S.F. Siebert. 2003. Cultivating cacao: Implications

of sun-grown cacao on local food security and environmental

sustainability. Agriculture and Human Values 20: 277–285.

Bernstein, H. 1986. Capitalism and petty commodity production.

Social Analysis: The International Journal of Social and

Cultural Practice 20: 11–28.

Bilotta, G.S., A.M. Milner, and I.L. Boyd. 2014. Quality assessment

tools for evidence from environmental science. Environmental

Evidence 3: 14.

Boyd, J., and S. Banzhaf. 2007. What are ecosystem services? The

need for standardised environmental accounting units. Ecolog-

ical Economics 63: 616–626.

Brookfield, H., and C. Padoch. 1994. Appreciating agrodiversity—A

look at the dynamism and diversity of indigenous farming

practices. Environment 36: 37–45.

Brookfield, H., and M. Stocking. 1999. Agrodiversity: Definition,

description and design. Global Environmental Change 9: 77–80.

Bruijnzeel, L.A. 2004. Hydrological functions of tropical forests: Not

seeing the soil for the trees? Agriculture, Ecosystems &

Environment 104: 185–228.

Bruun, T.B., O. Mertz, and B. Elberling. 2006. Linking yields of

upland rice in shifting cultivation to fallow length and soil

properties. Agriculture, Ecosystems & Environment 113:

139–149.

Bruun, T.B., A. de Neergaard, D. Lawrence, and A.D. Ziegler. 2009.

Environmental consequences of the demise in swidden cultiva-

tion in Southeast Asia: Carbon storage and soil quality. Human

Ecology 37: 375–388.

Bryceson, D. 1996. Deagrarianization and rural employment in sub-

Saharan Africa: A sectoral perspective. World Development 24:

97–111.

Byerlee, D. 2014. The fall and rise again of plantations in tropical

Asia: History repeated? Land 3: 574–597.

Cairns, M., ed. 2007. Voices from the forest. Integrating indigenous

knowledge into sustainable upland farming. Washington, DC:

Resources for the Future.

Castella, J.C., G. Lestrelin, C. Hett, J. Bourgoin, Y.R. Fitriana, A.

Heinimann, and J.L. Pfund. 2013. Effects of landscape segrega-

tion on livelihood vulnerability: Moving from extensive shifting

cultivation to rotational agriculture and natural forests in

Northern Laos. Human Ecology 41: 63–76.

Conklin, H.C. 1954. Section of anthropology: An ethnological

approach to shifting agriculture. Transactions of the New York

Academy of Sciences 17: 133–142.

Conklin, H.C. 1961. The study of shifting cultivation. Current

Anthropology 2: 27–61.

Cramb, R.A. 1993. Shifting cultivation and sustainable agriculture in

East Malaysia: A longitudinal case study. Agricultural Systems

42: 209–226.

Cramb, R.A. 2007. Land and longhouse. Agrarian transformations in

the uplands of Sarawak. Denmark: NIAS Press.

Cramb, R.A., C.J.P. Colfer, W. Dressler, et al. 2009. Swidden

transformations and rural livelihoods in Southeast Asia. Human

Ecology 37: 323–346.

de Koninck, R., and R. Ahmat. 2012. A state-orchestrated agrarian

transition on the Kedah Plain of Peninsular Malaysia,

1972–2009. In Revisiting rural places: Pathways to poverty

and prosperity in Southeast Asia, ed. J. Rigg, and P. Van-

dergeest, 52–67. Singapore: NUS Press.

de Neergaard, A., J. Magid, and O. Mertz. 2008. Soil erosion from

shifting cultivation and other smallholder land use in Sarawak,

Malaysia. Agriculture Ecosystems & Environment 125: 182–190.

Dendi, A., G.P. Shivakoti, R. Dale, and S.L. Ranamukhaarachch.

2004. Evolution of the Minangkabau’s shifting cultivation in the

West Sumatra highland of Indonesia and its strategic implica-

tions for dynamic farming systems. Land Degradation and

Development 16: 12–36.

Don, A., J. Schumacher, and A. Freibauer. 2011. Impact of tropical

land-use change on soil organic carbon stocks—A meta-analysis.

Global Change Biology 17: 1658–1670.

Dove, M.R. 1983. Theories of swidden agriculture, and the political

economy of ignorance. Agroforestry Systems 1: 85–99.

Dressler, W. 2009. Reinforcing local inequity and resistance through

community-based conservation on Palawan Island, the Philip-

pines. In Agrarian Angst and rural resistance in contemporary

Southeast Asia, ed. S. Turner, and D. Caouette, 82–104.

Abingdon: Routledge Press.

Dressler, W., and J. Pulhin. 2010. The shifting ground of swidden

agriculture on Palawan Island, The Philippines. Agriculture and

Human Values 27: 445–459.

Ambio 2017, 46:291–310 307

� The Author(s) 2016. This article is published with open access at Springerlink.com

www.kva.se/en 123

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Dressler, W., M. McDermott, W. Smith, and J. Pulhin. 2012. REDD

policy impacts on indigenous property rights regimes on

Palawan Island, The Philippines. Human Ecology. 40: 679–691.

Dressler, W., D. Wilson, J. Clendenning, et al. 2015. Examining how

long fallow swidden systems impact upon livelihood and

ecosystem services outcomes compared with alternative land-

uses in the uplands of Southeast Asia. Journal of Development

Effectiveness 7: 210–229.

Ducourtieux, O. 2006. Is the diversity of shifting cultivation held in

high enough esteem in Lao PDR? Moussons 9–10: 61–86.

Evans, P., K. Phanvilay, J. Fox, and J. Vogler. 2011. An agent-based

model of agricultural innovation, land-cover change and house-

hold inequality: The transition from swidden cultivation to

rubber plantations in Laos PDR. Journal of Land Use Science 6:

151–173.

Feintrenie, L., S. Schwarze, and P. Levang. 2010. Are local people

conservationists? Analysis of transition dynamics from agro-

forests to monoculture plantations in Indonesia. Ecology and

Society 15: 37.

Fleiss, J.L. 1971. Measuring nominal scale agreement among many

raters. Psychological Bulletin 76: 378–382.

Fox, R.B. 1982. Religion and society among the Tagbanuwa of

Palawan Island. Manila: National Museum.

Fox, J., M.T. Dao, A.T. Rambo, P.T. Nghiem, T.C. Le, and S. Leisz.

2000. Shifting cultivation: A new old paradigm for managing

tropical forests. BioScience 50: 521–528.

Fox, J., Y. Fujita, D. Ngidang, N. Peluso, L. Potter, N. Sakuntaladewi,

J. Sturgeon and D. Thomas. 2009. Policies, political-economy,

and swidden in Southeast Asia. Human Ecology 37(3): 305–322.

Fox, J., J.B. Vogler, O.L. Sen, T.W. Giambelluca, and A.D. Ziegler.

2012. Simulating land-cover change in Montane Mainland

Southeast Asia. Environmental Management 49: 968–979.

Fox, J., et al., 2013. Swidden, rubber and CARBON. Can REDD?

work for the people and the environment in Montane Mainland

Southeast Asia. Working Paper No. 9. CGIAR Research

Program on Climate Change, Agriculture and Food Security

(CCAFS).

Fox, J., J.C. Castella, and A.D. Ziegler. 2014. Swidden, rubber and

carbon: Can REDD? work for people and the environment in

Montane Mainland Southeast Asia? Global Environmental

Change 29: 318–326.

Hall, D., P. Hirsch, and T. Li. 2011. Powers of exclusion: Land

dilemmas in Southeast Asia. Singapore: NUS Press.

Hansen, P., and O. Mertz. 2006. Extinction or adaptation? Three

decades of change in shifting cultivation in Sarawak, Malaysia.

Land Degradation & Development 17: 135–148.

Higgins, J.P.T., and S. Green, eds. 2011. Cochrane handbook for

systematic reviews of interventions, version 5.1.0. The Cochrane

Collaboration.

Higgins, J.P., S.G. Thompson, J.J. Deeks, and D.G. Altman. 2003.

Measuring inconsistency in meta-analyses. BMJ: British Med-

ical Journal 327: 557–560.

Jakobsen, J. 2006. The role of NTFPs in a shifting cultivation system

in transition: A village case study from the uplands of North

Central Vietnam. Geografisk Tidsskrift-Danish Journal of

Geography 106(2): 103–114.

Koczberski, G., G.N. Curry, and V. Bue. 2012. Oil palm, food

security and adaptation among smallholder households in Papua

New Guinea. Asia Pacific Viewpoint 53: 288–299.

Kunstadter, P., E.C. Chapman, and S. Sabhasri. 1978. Farmers in the

forest. Economic development and marginal agriculture in

Northern Thailand. Honolulu: East-West Center.

Lal, R. 2006. Enhancing crop yields in the developing countries

through restoration of the soil organic carbon pool in agricultural

lands. Land Degradation and Development 17: 197–209.

Legewie, N. 2013. An introduction to applied data analysis with

qualitative comparative analysis (QCA). Forum: Qualitative

Social Research 14: Art. 15.

Lestrelin, G., J. Castella, and J. Bourgoin. 2012. Territorialising

sustainable development: The politics of land-use planning in

Laos. Journal of Contemporary Asia 42: 581–602.

Lund, C. 2011. Fragmented sovereignty: Land reform and disposses-

sion in Laos. Journal of Peasant Studies 38: 885–905.

Macours, K., and J.F.M. Swinnen. 2002. Patterns of agrarian

transition. Economic Development and Cultural Change 50:

265–294.

McCarthy, J.F. 2010. Processes of inclusion and adverse incorpora-

tion: Oil palm and agrarian change in Sumatra, Indonesia.

Journal of Peasant Studies 37: 821–850.

Mertz, O., and T.B. Bruun. 2016. Shifting cultivation policies in

Southeast Asia—Does criminalizing traditional farming prac-

tices make them go away? In Shifting cultivation policy: Trying

to get it right, ed. M. Cairns, Oxon: Earthscan Routledge Press.

Mertz, O., C. Padoch, J. Fox, R.A. Cramb, S.J. Leisz, N.T. Lam, and

T.D. Vien. 2009a. Swidden change in Southeast Asia: Under-

standing causes and consequences. Human Ecology 37: 259–264.

Mertz, O., S. Leisz, A. Heinimann, et al. 2009b. Who counts?

Demography of swidden cultivators in Southeast Asia. Human

Ecology 37: 281–289.

Mertz, O., D. Mueller, T. Sikor, et al. 2012. The Forgotten D:

Challenges of addressing forest degradation in complex mosaic

landscapes under REDD?. Geografisk Tidsskrift—Danish Jour-

nal of Geography 112: 63–76.

Mertz, O., K. Egay, T.B. Bruun, and T.S. Colding. 2013. The last

swiddens of Sarawak, Malaysia. Human Ecology 41: 109–118.

Nguyen, T.A., A. Patanothai, and A.T. Rambo. 2004. Recent changes

in the composite swidden farming system of a Da Bac Tay ethnic

minority community in Vietnam’s northern mountain region.

Southeast Asian Studies. 42: 273–293.

Padoch, C., and T. Sunderland. 2013. Managing landscapes for

greater food security and improved livelihoods. Unasylva 64:

3–13.

Phalan, B.M., O.A. Balmford, and R.E. Green. 2011. Reconciling

Food production and biodiversity conservation: Land sharing

and land sparing compared. Science 333: 1289–1291.

Ragin, C.C. 2008. User’s guide to fuzzy-set/qualitative comparative

analysis, p. 87. Tucson: University of Arizona.

Rambo, A.T. 1998. The composite swiddening agroecosystem of the

Tay Ethnic Minority of the Northwestern Mountains of Vietnam.

In Land degradation and agricultural sustainability: Case

studies from Southeast and East Asia, ed. A. Patanothai,

43–64. Khon Kaen: Regional Secretariat, the Southeast Asian

Universities Agroecosystem Network (SUAN), Khon Kaen

University.

Rigg, J. 2013. From rural to urban: A geography of boundary crossing

in Southeast Asia. TRaNS. 1: 5–26.

Schmidt-Vogt, D., S.J. Leisz, O. Mertz, et al. 2009. An assessment of

trends in the extent of swidden in Southeast Asia. Human

Ecology 37: 269–280.

Sidle, R.C., A.D. Ziegler, J.N. Negishi, A.R. Nik, R. Siew, and F.

Turkelboom. 2006. Erosion processes in steep terrain—Truths,

myths, and uncertainties related to forest management in

Southeast Asia. Forest Ecology and Management 224: 199–225.
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