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ABSTRACT
Transformation of social-ecological systems due to climate change requires, transformative
adaptation responses. We propose the concept of nature’s contribution to adaptation (NCA;
previously called adaptation services), to reveal properties of ecosystems that provide options
for future livelihoods and adaptation to transformative change. Knowledge about the capa-
city of ecosystems to supply NCA can inform decisions by revealing options for adaptation.
We analysed eight historical and contemporary case studies of transformative adaptation and
found that the five cases with medium-high degree of adaptation and use of NCA showed
evidence of participative learning and co-production of adaptation options, low values
contestation, low power imbalances and well-developed governance arrangements. These
variables indicated that communities engaged in adaptation had ownership and agency to
change how they thought and acted to implement transformative adaptation. We found the
use of NCAs enabled transformative adaptation by helping people overcome current decision
constraints imposed by societal values, institutional rules, or knowledge deficits to create
novel options and re-frame decision contexts. The NCA concept can be applied to (1) help
resolve uncertainties about nature’s contributions to people under environmental change; (2)
reveal ecosystem properties of value for adaptation, but which are marginalised in current,
dominant knowledge frameworks and decision-making; (3) act as a ‘boundary object’ for
participative learning and co-production of adaptation options. Thus, the NCA concept
represents a pragmatic, optimistic approach for societal adaptation to ecosystem transforma-
tion, countering feelings of despair that accompany the acceptance of irreversible, unavoid-
able loss of current ecosystem states and associated nature’s contributions to people.
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1. Introduction

Rapid transformation of social-ecological systems due
to climate change and other anthropogenic drivers is
happening with increasing rates and magnitude
(Steffen et al. 2018; Díaz et al. 2019). Such transfor-
mation involves biophysical changes to biota and
ecological processes as well as adaptation responses
by society to those changes. As ecosystems transform,
so do the quality and quantity of ecosystem services
on which humankind depends for livelihoods and
wellbeing, as well as human-nature relations and
thus people’s perceptions of nature’s contributions,
and the ability to co-produce them. The impact of
climate change on most types of ecosystem services is
predominantly negative (Runting et al. 2017). Under
ecosystem transformation, currently valued ecosys-
tem services are replaced by new ones specific to
transformed ecosystems, hence the need for transfor-
mative adaptation.

We define transformative adaptation as systemic
changes to societal paradigms, visions, goals, rules
and knowledge in response to actual or anticipated
changes in driver variables that fundamentally change
the properties of a social-ecological system (Díaz
et al. 2019). In 2017 we published a framework to
operationalise transformative adaptation that inte-
grates the NCA concept (then called the adaptation
services concept), the values-rules-knowledge per-
spective (cf. Section 5 below) and the adaptation
pathways approach (Colloff et al. 2017).

At the scale of a landscape or region, climate change
may have differential effects, with some ecosystems
persisting (though with some changes in biophysical
structure and processes) and even expanding, and
others transforming (Chaplin-Kramer et al. 2019).
Ecosystem transformation induced by climate change
can be extensive, of relatively rapid onset (two to three
decades), and is influenced by other drivers of global
change such as human pressures on natural resources
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(Figure 1; Ostberg et al. 2015). For example, Lake
Faguibine in Mali (ca. 600 km2) supported diverse
livelihoods based on fishing, cropping and grazing,
but has dried almost permanently since the 1970 s and
‘80 s due to climatic drought and irrigation water diver-
sions and been replaced by open forest (Djoudi et al.
2013; Brockhaus et al. 2013). In the Canadian Arctic,
where ice formed an extension of the land for transport
and hunting in the 1990 s, large areas are now ice-free
for extended periods (Fawcett et al. 2018).

We may be approaching planetary thresholds for dri-
ver variables (Steffen et al. 2018), but discussions tend to
focus on how to prevent transformation of social-
ecological systems to undesirable states rather than what
to do once thresholds are crossed. Consequently, adapta-
tion has been mostly incremental rather than transfor-
mative (Wise et al. 2014). In a typology of climate change
impacts and responses (Figure 2), assumptions of mar-
ginal change generate incremental options or favour per-
spectives based on resisting change in order to maintain
the status quo. But the prospect of a + 2°C warmer world
means such decision contexts become increasingly mala-
daptive as ecosystems undergo transformation (Stafford

Smith et al. 2011), requiring transformative responses.
The effects of ecosystem transformationmay be seriously
detrimental to human wellbeing, limiting options for the
future.Under such circumstances, communities are faced
with the stark choice of moving away or staying and
trying to adapt and eke out a livelihood.

The ecosystem services concept was originally
intended to highlight the consequences of environmen-
tal damage caused by unconstrained economic devel-
opment. However, its dominant interpretation, based
on an economic stock-and-flow framing with assump-
tions of marginal environmental change, is at odds
with transformative changes that are occurring under
climate change (Colloff et al. 2016a) and conceals the
complexity of societal responses to these changes,
which may constrain future options (Norgaard 2010).
The ecosystem services concept has been a powerful
metaphor of how humans depend on nature, but its
application by policymakers and managers has tended
to take a narrow instrumental framing of human-
nature interactions and privileged a Western scientific-
rationalist perspective that can exclude other systems of
values, rules and knowledge (Muradian and Pascual

Figure 1. Ecosystem transformations (see case studies in Table 1): (a) Lake faguibine, mali, with aquatic grasses and supporting fishing,
lakeshore grazing and cropping and (b) after climatic drought and irrigationwater diversions: dry lake bedwith open forest of introduced
mesquite Prosopis juliflora; (c) Hay plain, southern riverina, Australia, weeping myall Acacia pendula woodland and (d) chenopod
shrubland after land clearing, to dryland salinity and repeated, severe droughts; (e) Arctic ice forms an extension of the land for transport
and hunting and (f) water and land free of ice for extended periods due to global warming. Image credits: (a) Amadui kieta/IFAD; (b)
Houria djoudi; (c, d) Murray fagg, Australian national botanic gardens; (e, f) Rorry macKinnon.
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2018; Ellis et al. 2019). In response to these perceived
limitations, the Intergovernmental Science-Policy
Platform on Biodiversity and Ecosystem Services
(IPBES) proposed a framing based on ‘nature’s contri-
butions to people’ (Pascual et al. 2017; Díaz et al. 2018),
which includes a plurality of human-nature relation-
ships, allowing expression of different value and knowl-
edge systems and ontological and epistemological
framings, not found within the ecosystem services con-
cept (Kadykalo et al. 2019). Such plurality is needed to
integrate ecosystem transformation into adaptation
thinking and action while engaging a diversity of actors
with differing world views.

Under climate change, there is an important
choice to be made. Researchers can refine the ecosys-
tem services concept in the hope decision makers will
embrace new ideas within the dominant neoliberal
policy context, aligned with commodification of nat-
ure and economic rationalist decision-making
(Pascual et al. 2017; Muradian and Pascual 2020).
Alternatively, people can work with new and evolving
ideas and framings that can enable inclusive under-
standings of human-nature relationships. We con-
sider the latter is more useful and is the basis for
this paper. Our rationale is centred on the principle
that institutions (and their concepts) that were devel-
oped during times of stasis, or based on assumptions
of marginal change, are likely to prove maladaptive
under conditions of transformative change (Dryzek
and Pickering 2019).

Accordingly, we frame the capacity of ecosystems
under climate change to enable future human needs
under the IPBES framework of nature’s contribu-
tions to people (NCP) (Díaz et al. 2015, 2018;
Pascual et al. 2017). We introduce the concept of
Nature’s Contribution to Adaptation (NCA) as
a means to operationalise transformative adaptation,
emphasising the need to create options for society to
transform under ecosystem transformation. More
specifically, the NCA concept is contained within
the IPBES Conceptual Framework as NCP 18 (Díaz
et al. 2018, supplementary material therein), which
includes the maintenance of current and future
options, i.e. nature’s capacity to support ecosystem
persistence and resilience and the ability of ecosys-
tems to transform to novel states with new NCPs.

How can the NCA concept be applied by people
engaged in adaptation activities, particularly where
ecosystems have already transformed or are in the
process of doing so, and livelihoods are under threat
or no longer viable? To address this question we use
historical and contemporary case studies of ecosystem
transformation, examine how NCP have changed, the
direct impacts of these changes on livelihoods and
what people and communities have done to adapt to
those changes. Our objectives in this paper are as
follows: 1) to examine whether NCA had been used
in case studies of transformative adaptation to ecosys-
tem transformation; 2) to undertake a qualitative tex-
tual analysis of the major adaptation outcomes of the
case studies and how these outcomes were achieved, or
were being achieved, and 3) to clarify the processes
used by people engaged in the transformative adapta-
tion of their social-ecological systems, particularly in
relation to re-framing and changing practices and
livelihoods, participative learning and co-production
of knowledge used in adaptation, as well as co-
producing shared visions for the future and developing
new governance arrangements for adaptation.

Below, we define the NCA concept and propose
a typology of five NCA types. Next, we examine how
the NCA concept can be applied to foster adaptation
based on what we have learned from an analysis of the
characteristics of the case studies. Then, we consider
how the NCA concept can be made operational by
changing the decision context for adaptation. Finally,
we discuss the main implications of the NCA concept
for environmental management and governance in the
context of the impacts of climate change on ecosystems.

2. A typology of nature’s contributions to
adaptation

The idea of NCA was first conceived of as adaptation
services: NCP that help protect society against the nega-
tive effects of climate change (Jones et al. 2012; Williams

Figure 2. A typology of environmental change and adapta-
tion responses based on rate and magnitude of change.
Shocks are short-term extreme events of rapid onset and
duration (e.g. bushfires), whereas stresses are longer-term
continuous events (e.g. reduced rainfall). Shocks co-occur
with stresses, but their risk and frequency increase with
greater rate and magnitude of change.

ECOSYSTEMS AND PEOPLE 139



et al. 2012) and provide options as ecosystems undergo
transformation (Williams et al. 2012). Lavorel et al.
(2015) gave a broader definition of adaptation services
as, ‘the benefits to people from increased ability to
respond to change, provided by the properties of ecosys-
tems to moderate and adapt to climate change and
variability.’ This definition is consistent with the ecosys-
tem services concept but the NCA concept emphasises
developing options for adaptation, their evaluation and
implementation, and involves more inclusive treatment
of people’s held values, relationships with nature, world
views and knowledge than hitherto. Furthermore, the
NCA concept goes further than the ecosystem services
concept by including ecological mechanisms that sup-
port ecosystem persistence or transformation and how
these outcomes can be managed for by society (Colloff
et al. 2016a, Figure 5 therein). In an example of NCA
thinking, Pramova et al. (2012) identified how forest-
based NCAs support social adaptation to climate change
and new governance arrangements by protecting and
buffering coasts againstmore frequent and severe storms.
Fedele et al. ((2017), (2018)) found communities in
Indonesia responded to climate change-related rainfall
variability and drought via adaptation strategies invol-
ving innovative uses of forest products and forming
community associations to manage these.

Based on our previous research (Colloff et al. 2016a,
2016b; Lavorel et al. 2019), we identify five types of
NCA (Figure 3b). When ecosystems persist under cli-
mate change there are: (1) NCAs in the form of ecolo-
gical mechanisms that support ecosystem persistence
and supply of current NCAs; for example, high
response diversity of floodplain trees against extremes
of flood and drought ensuring persistence of forests and
livelihoods under a drying climate (Colloff et al. 2016a);
and (2) regulating NCAs that are currently under-used
or latent but could provide future benefits, such as
coastal protection by mangroves or littoral forest from
storm surges (Ahammad et al. 2013, Lavorel et al. 2015),
or the insurance value of multiple benefits from high
biodiversity (Baumgärtner 2007).

When ecosystems are transformed under climate
change there are: (3) NCAs in the form of ecological
mechanisms that support ecosystem transformation;
for example, development of a mosaic of fire-tolerant
vegetation communities in forest landscapes caused
by altered fire regimes (Colloff et al. 2016b; Doherty
et al. 2017); (4) novel NCAs from transformed eco-
systems, such as fodder from grassland that trans-
formed from forest (Colloff et al. 2016b); and (5)
current NCAs for which supply is enhanced by eco-
system transformation, such as micro-climate regula-
tion from more shade due to increased tree
colonisation (Lavorel et al. 2019, cf. Table 1 for
examples).

3. How are NCAs used? Evidence from eight
case studies

3.1 Methodological approach

We identified eight case studies for analysis. Selection
criteria were: 1) ecosystem transformation had
occurred or was occurring (Figure 1, 3a); 2) ecosystem
transformation resulted in transformative adaptation
responses by the people directly affected; 3) use of any
of the five types of NCAs could be identified as part of
the transformative adaptation process; 4) examples of
the use of NCAs included a range of different adapta-
tion approaches and associated outcomes; 5) examples
were drawn from a diversity of social, cultural, eco-
nomic and environmental contexts; 6) case studies had
been worked on by one or more of the authors (#1-3,
7, 8) or were well-documented (#4-6). Use of NCA
was identified, mostly in retrospect, as part of trans-
formative adaptation responses, mainly for new liveli-
hoods when previous ones were no longer viable or in
decline during and after ecosystem transformation
(Table 1). In our retrospective identification of
NCAs, it is important to note that the case studies
(except #8) pre-dated both the NCA and adaptation
services concepts.

Case studies were from the northern and southern
hemisphere, temperate and tropical zones, coastal, arid
inland andmountain regions (Table 1). Ecosystem trans-
formations were: drought andwater diversions leading to
a drying lake and transformation from lake bed to open
forest (#1); tree-clearing, increased rainfall variability and
drought leading to dryland salinity and transformation
from floodplain woodland to chenopod shrubland (#2);
increased rainfall variability and drought leading to
transformed land use from cropping systems to perma-
culture and forestry (#3); sea level rise and storm surges
leading to salinity and large-scale erosion of coastal river
deltas (#4); coastal fishery collapse caused by overhar-
vesting of a keystone species (#5); increased temperatures
reducing arctic snowfall and ice cover leading to open
water and snow-free land for extended periods (#6); sea
level rise leading to flooding and salinisation of soil and
water of a coral atoll (#7) and increased temperatures and
more variable precipitation causing glacier melt,
droughts, heatwaves, shifts in alpine plant communities,
landslides and erosion (#8).

We analysed the characteristics of each case study
and the use of NCAs by local participants engaged in
adaptation, as per the typology described above, based
on textual analysis of the available literature on each
case study, supplemented by our knowledge of and
experience with the case studies (Table 2, Table S1;
Supplementary Material S3). We summarised each
case study according to: (1) the characteristics of eco-
system transformation; (2) the adaptation framework
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and strategies applied; (3) types of NCAs realised in
adaptation; (4) characteristics of participative learning
and knowledge co-production; (5) governance issue
and arrangements; (6) power dynamics among partici-
pants and stakeholders and (7) interactions of held
human values (V), societal rules (R) and scientific,
experiential and local knowledge (K) that constrain or
enable adaptation decision-making (cf. Section 5 below
for more detail), by identifying pairwise interactions
(VR, VK, RK), as described previously (Colloff et al.
2016b; Prober et al. 2017).

From the textual analysis, we identified four variables
each for adaptation outcomes and for participative learn-
ing and knowledge co-production. Adaptation variables
were: (1) degree of adaptation achieved, relative to the
other case studies and/or stated objectives in the case
study documentation (including shared visions for adap-
tation outcomes); (2) number and types of NCAs used;
(3)whetherVRK interactions enabled adaptation and use
of NCAs; (4) adaptivity: the extent to which adaptation
achieved is likely to sustain livelihoods and wellbeing

under a changing climate into the future. Variables for
knowledge co-production were: (5) whether means were
developed and put in place for inclusive participation and
reflexive learning; (6) whether a diversity of held values
was recognised and processes existed to deliberate and
negotiate contested values to develop a shared vision for
the potential adaptation outcomes; (7) whether power
imbalances between groups of participants or between
decision-making bodies were explicitly recognised and
attempts made to minimise these and (8) whether there
were governance structures and processes in place to
facilitate co-ordination, co-operation and communica-
tion among the different participants.

Each of the variables was ranked on a three-point
interval scale (1–3 for low-medium-high), giving
amaximum total score of 12 for each set of four variables
(Table S2). Ranking was done initially by the lead author
and then discussed and modified by co-authors and
colleagues with experience of particular case studies.
Criteria for ranking were as follows: for adaptation vari-
ables, ‘low’ (=1) indicated implementation of coping

Table 1. Examples of case studies where anthropogenic changes in ecosystem drivers have led to ecosystem transformation and
transformative adaptation responses in which use of nature’s contributions to adaptation (NCA) could be identified retro-
spectively (numbered in column 4 as per Figure 4). Case studies (except #8) pre-date the NCA concept. Examples are not
restricted solely to effects of climate change, but include ecosystem transformation caused by other anthropogenic drivers
(#2, 5), though for #2, extended climatic drought and rainfall variability are defining features of the social-ecological system (see
supplementary material S3 for case study details).

# Ecosystem transformation Changes to livelihoods Use of NCA References

1 Declining river inflows due to climatic
drought and irrigation water use caused
drying of Lake Faguibine, Mali, and
transformation of the lake bed to
mesquite and acacia forest (Figure 1a,b)

Fishing, lakeshore cropping and
floodplain grazing ceased

Charcoal and other products from new lake
bed forests; shifts from sedentary to
transhumant grazing (3,5)

Djoudi et al. 2013;
Brockhaus et al.
2013

2 Land clearing caused dryland salinity &
combined with rainfall variability &
drought resulting in replacement of
floodplain woodland with chenopod
shrubland, Southern Riverina, Murray-
Darling Basin, Australia (Figure 1c,d)

Existing grazing & cropping
systems became non-viable;
land was abandoned or
barely used

Development of new drought-resistant
grazing systems for saltbush lamb and
wool production (2,3,5)

Wagg et al. 2007;
Pearce et al.
2010; Colloff
et al. 2016a

3 Increased variability of rainfall leading to soil
water deficits during rice growing season,
Central Java & Kalimantan, Indonesia

Agricultural production system
based on dryland rice
production on terraces
increasingly unsustainable

Replacement of dryland rice system with
agroforestry; harvesting of teak & rubber;
greater use of existing forests; improved
water quality, reduced erosion (1,2,3,5)

Fedele et al. 2017;
2018

4 Sea level rise, extreme weather & storm
surges in the Ganges-Brahmaputra-
Meghna Delta of Bangladesh have caused
saline incursions of surface and
groundwater and large-scale erosion

Cropping & livestock production
declining; farming
communities displaced

Mangrove restoration; new ecosystem-based
livelihoods based on permaculture (1,3,5)

Rawlani and
Sovacool 2011;
Ahammad
et al. 2013

5 Transformation of sub-littoral ecosystems
due to over-harvesting of keystone
shellfish species; collapse in fisheries
resource stocks, Coastal Chile

Commercial harvesting of
Chilean abalone ceased until
stocks recovered

NCA of ecosystem recovery and persistence,
supported by new law and fisheries
governance rules (1,2,5)

Gelcich et al.
2010; 2017

6 Rise in surface temperatures causing ice to
thaw in the Canadian Arctic, creating
open water and snow-free land for
extended periods of the year (Figure 1e,f)

Hunting large mammals for food
and skins across open sea ice
is in decline

Revival and re-invention of traditional arts &
crafts; hunting adapted to open water;
fishing & tourism (2,3,5)

Pearce et al. 2015
Fawcett et al.
2018

7 Sea level rise causing loss of land, flooding
and salinisation of soil and water supply,
Ontong Java Atoll, Solomon Islands

Decline in fishing and harvesting
of bêche-de-mer. Migration to
other islands has commenced

Adaptation to new livelihoods (e.g.
permaculture) and use of novel NCA on
other islands (3,5)

Bonie 2012;
Marita and
Manuari 2014;
Bayliss-Smith
et al. 2010

8 Higher temperatures causing reduced
snowfall, shorter snow season, glacier
melt, shifts in plant communities, drought,
landslides, erosion, heatwaves, upper
Romanche Valley, French Alps

Reduction in winter tourism
activities; fodder production
affected by increased climate
variability & drought

NCA of drought-resistant fodder production;
diversified summer tourism; new
agricultural production systems (2,3,4,5)

Lavorel et al.
(2919)
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strategies with some transformative adaptation, low
diversity of types of NCAs, VRK interactions that mostly
constrained options (e.g. were limited by restrictive rules
and lack of systems knowledge), and high uncertainty
whether actions would be adaptive to future climate
change; ‘medium’ (=2) indicated implementation of
some transformative adaptation involving fundamental
changes to production systems and livelihoods based on
participants changing their paradigms, visions and objec-
tives, moderate numbers and diversity of NCAs, VRK
interactions both enabling and constraining of options,
and amoderate likelihood that actions would be adaptive
to future climate change; ‘high’ (=3) indicated transfor-
mative adaptation with fundamental changes in human-
nature interactions (e.g. a shift from exploitation to stew-
ardship; Muradian and Pascual 2018), high numbers and
diversity of NCAs used, VRK interactions that mostly
enabled adaptation options and a high likelihood of
actions being strongly adaptive to future climate change.

For participative learning and co-production vari-
ables, ‘low’(=1) indicated the existence of informal

arrangements but no deliberate organisation, low unity
of purpose, large power inequalities among stakeholders
and lack of co-ordinating governance; ‘medium’ (=2)
indicated some use of participative processes and co-
ordination, typically in partnership with NGOs,
researchers or government agencies and with indica-
tions of systems learning, as well as some degree of
unity of purpose, plus some efforts to re-balance
unequal power relations; ‘high’(=3) indicated
a relatively strong focus on learning-by-doing, reflexive
systems learning and co-ordinated knowledge exchange
linked to broader adaptation programmes and strong
community ownership of ideas and objectives, a clear
shared vision for the future and relatively high recogni-
tion and minimisation of power imbalances.

We then used a composite score of participative
learning plus co-production of adaptation options as
the independent variable and the composite score of
adaptation and use of NCA, achieved to date and in
progress, as the dependent variable, using linear
regression to examine the relationship.

Figure 3. Ecosystem services change as ecosystems transform under climate change. (a) A conceptual time sequence shows
transformative effects, including ecosystem fragmentation, invasive species and encroachment of managed land uses on natural
ecosystems within a mixed-use landscape. (b) Typology of nature’s contributions to adaptation (NCA; numbered). Ecosystems
that persist provide ecosystem services currently used and valued (e.g. from woodlands in 3a), also latent services, not currently
used but which may be important for adaptation (e.g. from expanded area of grassland in 3a); (ii) ecosystems that transform
provide novel NCA (e.g. from invasive shrubland in 3a), plus NCA in the form of current ecosystem services which are enhanced
by ecosystem transformation (e.g. from grassland or shrubland in 3a).
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3.2 Findings from the case studies

We found evidence for the use of NCAs in all case
studies. NCAs included examples of all five types
shown in Figure 3b. A common assumption is that
under climate change there will be fewer NCP avail-
able, especially material NCP (Dunford et al. 2015;
Runting et al. 2017). However, in all case studies, we
found the number of NCAs used or available for new
livelihoods was equal to or greater than the number
of provisioning services prior to ecosystem transfor-
mation (Table S2, Supplementary Material S3).

There was a statistically significant positive corre-
lation between scores for transformative adaptation
and participative learning and knowledge co-
production (F = 33.3; 1,6 df; p = 0.0012; Figure 4).
Case studies that had effective, co-ordinated partner-
ships between communities, NGOs and government
agencies were associated with a medium-to-high
degree of adaptation and use of NCAs, though one
case study (#3) scored high for adaptation and was
based on community-driven knowledge co-
production. The two case studies that scored lowest
for adaptation outcomes (# 1 and 7) lacked a shared
vision for the future, processes and partnerships for
participative learning and co-production, governance
arrangements to co-ordinate adaptation and a lack of
processes to address power imbalances. These vari-
ables scored medium-high for the other case studies.

The relative positions of case studies in Figure 4
may change over time as adaptation activities
develop: implementation for #7 and #8 are in pro-
gress; others may move into new phases with increas-
ing changes to social-ecological systems. Despite our

analysis being based on only eight case studies, this
number has proved sufficient to clarify the main
elements that need to be considered in assessing
transformative adaptation to ecosystem change and
the application of the NCA concept.

In summary, our analysis indicates that participa-
tive learning and knowledge co-production are
strongly associated with successful transformative
adaptation outcomes and the realised or potential
use of NCAs. Realising the use of NCAs for adapta-
tion involved a strong focus on changing held values
(#1, 5, 7) and societal rules and norms (#2, 3, 5)
using the local and experiential knowledge base (#1,
2, 4, 7, 8) and creating novel production systems
through learning by doing (# 2–4). Once revived,
traditional knowledge and decision-making systems
were important factors (#3, 6 and 8). The common
feature of case studies with a medium-to-high degree
of adaptation achieved was that the processes out-
lined above empowered communities and gave them
agency by providing options, opportunities for inno-
vation and changing the ways people conceptualised
and acted on adaptation to ecosystem transformation.
Our findings highlight the importance of participa-
tive learning and knowledge co-production of across
different knowledge systems and transdisciplinary
approaches as a means of achieving change through
action and practice (Collins and Ison 2009; West
et al. 2019).

In the following sections, we use examples from
the case studies to illustrate how the NCA concept
can contribute to adaptation science and practice;
how the use of NCA can be enabled by changing
the decision context for adaptation and the implica-
tions of the NCA concept for environmental manage-
ment and governance.

4. Contributions of the NCA concept to
adaptation science and practice

4.1 Revealing the importance of ecosystem
properties for adaptation

The analysis of the case studies reveals the impor-
tance of ecosystem properties and the use of NCAs
for adaptation to climate change, a central tenet of
ecosystem-based adaptation (EbA; Jones et al. 2012;
Pramova et al. 2012). Use of NCAs occurred in the
case studies when participants identified new or pre-
viously unrecognised benefits and options from eco-
systems that allowed modification of existing
livelihoods through substitution of natural resources
or development of new livelihoods. For example, in
Lake Faguibine, Prosopis forests provided a new
source of fodder from foliage, previously provided
by lakeshore grasses, as well as new livelihoods from
charcoal production (case study #1). In the Riverina,

Figure 4. Relationship between composite scores for co-
production of adaptation options and composite scores for
adaptation achieved and in progress from eight case studies,
with line of best fit (cf. text and Table S2 for details of scores
and variables).

144 M. J. COLLOFF ET AL.



chenopod shrubland provided a fodder substitute for
grassy myall woodland (#2). In the French Alps,
Patzkea paniculata grasslands were previously con-
sidered undesirable for grazing but are proving to be
a valuable drought-resistant fodder source (#8). On
Ontong Java Atoll, where adaptation options are rela-
tively few, new NCAs have begun to be realised via
construction of novel permaculture systems to
improve food security, using local materials such as
coconut fibre and other plant residues to create
organic substrates in which to grow crops (#7).

4.2 Creating options

Options are especially important during times of
increasing variability and high uncertainty when
costs and benefits of alternative actions are unclear
(Mezey and Conrad 2010) and may include diversify-
ing livelihoods by using a range of NCPs or NCAs
(Baumgärtner 2007). Options provide a means for
mitigating future risks by focussing on what ecosys-
tems can provide and communities can use. For
example, in Central Java co-production of rules for
community-based forest conservation to provide for
future NCA presented an alternative to clear-felling,
even though the present value of timber is known and
the future benefits of the forest for adaptation are
uncertain (#3). The NCA concept thus highlights
the options that ecosystems can keep open and the
value this flexibility affords to people under transfor-
mative environmental change.

Realising benefits of NCAs through joint produc-
tion with other forms of assets can create options and
reduce risk (Palomo et al. 2016; Lavorel et al. 2020).
For example, wood from forests at Lake Faguibine
represents an NCA, but charcoal manufacture and its
sale in urban markets require infrastructural, human,
social and financial capital, and the use of this NCA is
linked to a complex of adaptation actions (#1).

4.3 Reducing risks of maladaptation

Use of NCAs can be a means to avoid maladaptation.
Provision of alternative resources can help avoid
maladaptive risks that arise from trying to maintain
a declining resource under ecosystem transformation.
For example, in Central Java, establishing agrofores-
try gardens on rain-fed croplands with declining
yields due to drought helped mitigate costs of addi-
tional water and labour that would be required to
maintain crop production (#3). Avoiding maladaptive
costs of soil erosion and landslides provides the
impetus for maintaining terraces in the French Alps
which then provide fodder and can be used to pro-
duce novel crops (#8).

However, NCAs can be maladaptive if used for
short-term coping strategies that become locked in.

For example, the urgent need to increase export earn-
ings, driven by government policy, led to over-
harvesting of abalone and collapse of Chilean coastal
fisheries. Fish stocks only recovered after
a transformation of governance regimes and establish-
ment of rules for a sustainable coastal fishery (#5). As
natural gas becomes more widely available, charcoal
manufacture at Lake Faguibine may become maladap-
tive for communities that rely on charcoal as their main
income source (#1).

Integration of new adaptation options with tradi-
tional knowledge can counter risks of maladaptation.
For example, in the Canadian Arctic, production and
international sale of arts and crafts, using traditional
media of stone, skins, bone and walrus ivory, is a latent
cultural NCA reprised and re-invented. It provides an
alternative to adapting hunting methods in response to
increasing scarcity of target animals. Art co-operatives
aided skills exchange, learning about environmental
change, creation of hybrid knowledge and maintaining
cultural continuity (#6; Rathwell and Armitage 2016).

Finally, NCAs can synergise over space and time,
potentially reducing the risk of maladaptation (Lavorel
et al. 2020). For example, multiple benefits were realised
from creating agroforestry systems on former farmland
in central Java and Kalimantan to adapt to increased
rainfall variability and drought (#3).

4.4 Facilitating participative learning and
co-production of adaptation approaches

The NCA concept can be used as a boundary object
for co-production of knowledge for adaptation.
Boundary objects can be concepts, physical objects or
tools that enable shared learning and collaboration on
tasks such as adaptation planning by agents with very
different knowledge and world views (Wallis et al.
2017). For example, development of a shared vision
for the future (‘Seeds of Hope’) in the French Alps, has
led to reflexive learning and co-production of knowl-
edge that is helping actors reframe aims and interests
and is revealing novel options for livelihoods (#8).

Political realist views of adaptation propose radical
re-distribution of power and resources to create agency
for social change (Gillard et al. 2016). We consider
participative learning and knowledge co-production
for adaptation is an important way to re-balance
power relations and engender agency (Collins and
Ison 2009). For example, learning-by-doing to develop
new grazing systems on saline land placed graziers in
positions of power and ownership in creating new
knowledge (#2; Wagg et al. 2007). Conversely, in the
Ganges-Brahmaputra-Meghna Delta, emphasis on
capacity building and income generation risks creating
winners and losers if power imbalances and inequities
are not addressed through improved co-production
processes (#4; Rawlani and Sovacool 2011): there is no
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automatic connection between capacity building and
poverty reduction.

The application of the NCA concept is consistent
with the idea that pluralistic approaches and the co-
construction of shared conceptual frameworks (Newell
2012) can produce more ambitious visions of social
change and ‘encourage us to see social and ecological
tensions as opportunities for thinking and acting dif-
ferently rather than as mere technical problems to be
solved’ (Gillard et al. 2016). For example, after the
Chilean coastal fisheries collapse, the co-production
of a new governance regime based on territorial use
rights has provided multiple benefits, including incen-
tives for innovation and stewardship, conservation
outcomes, territorial empowerment and the develop-
ment of a sustainable fishery (#5; Gelcich et al. 2017)

5. Changing the decision context to enable
transformative adaptation

Adaptation based on incremental change within exist-
ing institutional structures and arrangements involves
path dependencies that can constrain options for adap-
tation to ecosystem transformation (Figure 2; Wise
et al. 2014;). Institutional path dependency is caused
by failure of governments, markets and organisations
to adapt objectives and practices and change priorities
in response to major changes to social-ecological sys-
tems (Dryzek and Pickering 2019, p. 27). These
authors (2019, p. 35) proposed a cycle of what they
call ecological reflexivity to counter path dependency
and generate change by doing and being something
different, rather than just doing something better. In
this cycle, recognition of changes to social-ecological
systems leads to reflection: the re-thinking of core
practices and visioning possible futures, and response:
the re-articulation of aims, values and discourses and
reconfiguration of functions and practices.

We consider ecological reflexivity is a potentially
powerful way of mobilising the NCA concept through
processes of participative learning and knowledge co-
production. In the case studies, transformative adapta-
tion occurred in response to ecological transformation:
actors had no choice but to respond by doing something
different because they could not continue with existing
practices and livelihoods. How to adapt, what options
were available and what processes and resources were
required then set the decision context for actors to
organise and co-produce solutions.

But the scaling up of transformative adaptation
requires anticipatory approaches to ecosystem trans-
formation and use of NCAs, not just reactive ones.
Here, the decision context is complicated because
existing practices and livelihoods are still viable,
even though there is recognition that the social-
ecological system is transforming and will continue
to do so. The tension between the need for

transformative adaptation and the reluctance of
actors to change then sets the decision context. The
question then arises of how to change the decision
context to enable anticipatory adaptation?

Decision contexts are set by the interacting sys-
tems of held human values (Schwartz 2012) and how
values are expressed as preferences, as well as societal
rules and norms and systems of scientific, local and
experiential knowledge that decision makers deem
credible, legitimate and important (Gorddard et al.
2016; Colloff et al. 2018). Power is exercised over
which and whose values, rules and knowledge are
included in decision-making. Introducing new adap-
tation options may be difficult if they conflict with
dominant systems of values, rules and knowledge.
Thus, changing the decision context for adaptation
involves changing the VRK used by decision makers.

Changes to systems of VRK may typically involve
contestation and power struggles. For example, in the
case of Ontong Java Atoll, over whether to migrate or
stay and adapt to sea level rise and try and address
governance failures over use of resources (#7; Bayliss-
Smith et al. 2010). Contestation can be addressed
effectively through engagement of actors in reflexive
practices such as collaborative conceptual modelling
(Newell and Proust 2017), hence the positive associa-
tion in case studies between transformative adapta-
tion achieved and knowledge co-production.

Major changes in systems of VRK that enabled
transformative adaptation could be identified in all
case studies. For example, changes in values and rules
to enable control by graziers over production of
knowledge for sustainable grazing systems on saline
land (#2; Wagg et al. 2007); development of new rules
and knowledge for management of community for-
ests (case study #3; Fedele et al. 2018) and governance
systems for coastal fisheries (#5; Gelcich et al. 2010);
changes in values and knowledge to adopt new food
production systems (#4; Rawlani and Sovacool 2011;
#7; Bonie 2012); shifts in values, rules and knowledge
to produce, market and sell charcoal (#1; Djoudi et al.
2013), form co-operatives for sale of local arts and
crafts into the international market (#6; Rathwell and
Armitage 2016) and develop a shared community
vision for the future (#8; Lavorel et al. 2019).

Changing the decision context and systems of VRK
to enable adaptation is thus clearly possible. But in each
case study, we do not know the specific details of which
processes and practices worked well and which did not.
Clarifying these issues is an important future task for
case study research on transformative adaptation.

6. Implications of the NCA concept for
environmental management and governance

The NCA concept is based on the prospect of both
ecosystem persistence and transformation and can
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help overcome the tension between the need for
transformative adaptation and the reluctance of
actors to change. Understanding rates and extent of
changes to ecosystems and their drivers and identify-
ing alternative ecosystem states are vital to effective
adaptation decision-making and options for manage-
ment of NCAs (Lavorel et al. 2015; Colloff et al.
2016a, 2016b).

Responding to uncertain changes requires plan-
ning for a range of scenarios, participative learning,
and ‘no regrets’ decision-making to avoid maladapta-
tion (Stafford Smith et al. 2011). These requirements
can be met by operationalising NCA using adaptation
pathways (Colloff et al. 2017). An adaptation path-
ways approach can help decision makers identify and
sequence options over time, based on continual mon-
itoring and learning (Wise et al. 2014). Examples of
adaptation pathways involving NCAs (then referred
to as adaptation services) and changes in governance
processes include the development of adaptation
options for new forest-based livelihoods (Pramova
et al. 2012), forest management and use (Colloff
et al. 2016b; Doherty et al. 2017), multi-use woodland
landscapes (Prober et al. 2017) agricultural systems
(Panda 2018) and reconfiguration of the relationships
between agriculture and tourism (Lavorel et al. 2019).
Transformational changes in governance to address
declining fisheries in Chile represent a compelling
case of how generalised pathways for sustainable
resource use can be developed and used (Gelcich
et al. 2010).

Management for NCAs as part of transformative
adaptation requires a fundamental re-think of gov-
ernance for environmental management and sus-
tained, legitimate opportunities for discourse to
address differences and conflicts and engender
change. Addressing conflict can be approached by
framing management for transformative adaptation
and NCAs not as a technical-political problem to be
solved but as a ‘mobilising idea’ around which people
can generate agency (Hulme 2009). To overcome
contestation and the limits of the ‘problem-solution’
approach, we can use the concept and reality of
ecosystem transformation imaginatively and deploy
a diversity of innovative projects that address our
cultural, material and spiritual needs and values.

7. Conclusions

Novel, uncertain environmental change can limit
options for decision makers if their knowledge, rules
and values about their social-ecological system are
based on assumptions of low risks, marginal changes
and negligible cross-scale effects. Incremental adapta-
tion will not be enough where social-ecological sys-
tems are transforming. To address these issues we

propose the NCA concept can support transformative
adaptation, as applied to: (1) a re-framing of the
ecosystem services concept that raises awareness and
creates options for adaptation under ecosystem trans-
formation; (2) a powerful metaphor to reveal ecosys-
tem properties for adaptation, but which are not
apparent in simple stock-and-flow framings of nat-
ure’s contributions to people; (3) reducing the risks of
maladaptation and (4) as a boundary object to facil-
itate learning and co-production of transdisciplinary
knowledge for adaptation (Abson et al. 2014).

From the case studies of transformative adapta-
tion, we found a significant positive relationship
between co-production of adaptation options and
the level of adaptation achieved. A medium-high
degree of adaptation was associated with participa-
tive processes involving systems thinking and co-
production of adaptation approaches, low levels of
contestation over values and interests, low power
imbalances and existence of co-ordinating govern-
ance arrangements. These variables indicated that
communities were empowered to engage and had
ownership and agency to change the ways they
thought and acted to implement adaptation.

Reframing adaptation decision contexts to enable
the use of NCAs aligns with the approach of IPBES,
whereby relational and intrinsic values of human-
nature interactions can be included along with instru-
mental values (Pascual et al. 2017). The interaction of
different forms of values with similar pluralistic
approaches to systems of knowledge and rules
extends the possibilities for deliberation and decision-
making on adaptation options (Colloff et al. 2017).

By creating novel options for the future, the NCA
concept can help actors re-frame decision contexts for
implementing transformative adaptation. We consider
the NCA concept represents a pragmatic and optimistic
approach to adaptation and ecosystem transformation
that helps counter feelings of despair that accompany
the acceptance of irreversible, unavoidable change and
loss of current ecosystem states (Oakes et al. 2016).
Furthermore, it helps reveals the importance of ecosys-
tem properties for adaptation and the societal change
processes in values, rules and knowledge that are
required to enable transformative adaptation.
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