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ABSTRACT

Increasing dryland degradation and expansion shows that attempts to strengthen dryland
resilience in the face of land degradation and climate change have not been successful. If
current development pathways do not change, future prospects for the drylands are
worrisome: potential large-scale migration, increasing water scarcity and land degradation,
growing poverty, along with significant losses of key ecosystem services that support dryland
social-ecological functioning. Based on our empirical research and the wider literature, we
identify an important barrier to achieving resilience: poor integration of institutional and
other human factors in shaping adaptive capacity, into ecosystem management. By exposing
the need for a better understanding of the institutional setting, system stressors, and the
human potential to face uncertainty, this paper integrates resilience and vulnerability

approaches with adaptive governance, elucidating three principles that must be considered
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when moving towards more adaptive water governance. Use of these principles could
represent a way forward to mitigate dryland degradation and the problems related to
conflicts, marginalisation, and migration, increasing dryland resilience through water
governance. The next steps should be the implementation of these principles in drylands or
any ecosystem with undesirable states of water governance, to better integrate societal

factors in efforts to strengthen dryland resilience.

Keywords Social-ecological resilience - Vulnerability - Dryland expansion - Societal

stressors - Institutions

1. Introduction

Drylands are water-scarce regions that cover around 46.2% (£0.8%) of the Earth’s surface
(Mirzabaev et al., 2019). Approximately 72% of drylands are located in developing countries,
and based on the aridity index, they are classified into hyper-arid (6.9%) arid (12.4%) semi-
arid (17.5%) and dry sub-humid (10%) (FAO, 2016; Safriel et al., 2005). Hyper-arid and arid
areas are mostly composed of desert, while semi-arid areas are mainly composed of
grasslands and dry sub-humid areas by forest (FAO, 2016). Dryland livelihoods mainly
depends on agriculture; therefore, dryland populations decrease with increasing aridity (since
more arid means less rain and more heatwaves and so more marginal conditions for people
to live in) moving from 71 persons per km? in dry sub-humid areas to 10 persons per km? in

hyper-arid areas (Safriel et al., 2005). Nevertheless, estimates indicate that dryland
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populations have reached 3 billion, and it is projected that this number will increase to 4
billion by 2050 (Mirzabaev et al., 2019). Dryland inhabitants are the poorest, least healthy,
hungriest, and most marginalized people in the world, living in highly conflict-prone areas
(Middleton et al., 2011), where water limitations make it difficult to secure water ecosystem
services (WES) and human welfare (Pravalie, 2016). Water regulation is the overarching
dryland ecosystem service which has a cascading effect on all dryland livelihoods (Safriel et
al., 2005). Accordingly, water governance plays a major role in dryland development
pathways. However, traditional water governance has failed to address uncertainty and
changing social-ecological system (SES) conditions, leading to a decline of WES, limiting
dryland development and endangering its livelihoods (Davies et al., 2016; DeCaro et al.,

2017b; Smidt et al., 2016).

Dryland resilience consists of the ability to cope with a diverse range of stressors and shocks,
and to adapt or transform in the face of uncertainty; in order to achieve development, human
well-being, and secure the WES on which livelihoods directly rely (Barrett and Constas, 2014;
Mortimore et al., 2009; Reed and Stringer, 2015). Dryland resilience can be strengthened by
increasing human capacity to cope with stressors (of a social and/or climate nature) and to
adapt or transform in the face of uncertainty, so that people can continue to exist in the
system (Engle, 2011; Folke, 2016). Accordingly, adaptive water governance (AWG) has been
proposed as a governance regime to increase adaptive capacity by operating through the
elements of connectivity, learning, flexibility, collaboration, iteration and subsidiarity,
adjusting access to WES according to SES conditions (Hill Clarvis et al., 2014; Lopez Porras et
al.,, 2019). AWG has the potential to enhance WES conservation and allow ecological
functioning to recover (Akamani, 2016), which is important for reducing dryland degradation

and better supporting natural resource-based livelihoods (Mortimore et al., 2009).
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Nonetheless, there still a lack of critical institutionalism that unravels the societal structures,
power relations, and social norms shaping adaptation. A better appreciation of the meaning
and values underlying social arrangements is needed for enabling AWG (Cleaver and Whaley,

2018).

To address dryland development challenges, SES assessments need to “unpack relationships
and interactions in social-ecological systems, livelihood portfolios and value chains” (p. 1956),
by setting boundaries and identifying relevant stakeholders (Stringer et al., 2017). Considering
the above, more information is needed regarding the social influences on dryland resilience,
in order to improve understanding of the attributes and properties that increase dryland
adaptive capacity. This paper emphasises the societal aspects of SES and their potential to
address the challenging context of drylands by increasing their adaptive capacity through
AWG, by presenting three principles for moving towards AWG. In doing so, we focus our
considerations on the main dryland challenges when strengthening resilience: the

institutional setting, and the societal and climate stressors to which drylands may be exposed.

2. Dryland challenges

The current increase in hydro-climatic intensity, characterised by less precipitation and more
dry spells, is overall, leading to dryland expansion in many parts of the world (Huang et al.,
2015). This climatic aridity, mixed with intensive land degradation and water overexploitation,
can lead to desertification, exacerbating social crises associated with poverty, famine,
conflicts, marginalisation, migration, and political instability (Huang et al., 2017; Pravalie,
2016). Estimates suggest that 143 million people would be forced to migrate by 2050 if the

current problems of desertification and climate change are not addressed, and the
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consequences of this are unpredictable (Mirzabaev et al., 2019). One important strategy to
mitigate and even reduce dryland expansion is to increase SES resilience. Resilience literature
provides various concepts that can be used to facilitate our understanding of dryland
resilience. For instance, ‘Panarchy’ (Cosens et al., 2018) can be used to illustrate how the
interaction of slow (e.g. soil fertility) and more fluctuating (e.g. precipitation) variables can
undermine dryland resilience and lead to a regime shift. However, the relationship between
resilience and vulnerability is complex. As an illustration, it is common practice for dryland
farmers to try and strengthen specified resilience of crop production to droughts, by
increasing groundwater use for irrigation (Garrick, 2018; Lopez Porras et al., 2019). However,
maintaining agricultural coping strategies for certain persistent social or economic conditions,
can increase vulnerability to climate change and reinforce poverty, by hindering innovation
and social learning (Miller et al., 2010; Osbahr et al., 2008). Moreover, when strategies are
adopted at a farm or rural household level they can negatively impact general resilience at a
wider scale, which may generate other conflicts at local, regional, national or even
international scale (Garrick, 2018). As such, adaptive strategies must be complemented with
a vulnerability approach, that properly identifies who is vulnerable to what, when and why,

so we can properly capture and address SES threats and stressors (Downing et al., 2006).

Drylands are particularly sensitive to environmental change, and even small changes, like
irregular precipitation, can have large impacts at SES scale (Huang et al., 2017). Keeping SES
away from the thresholds that will change their structure (e.g. from a grass-dominated to a
shrub-dominated regime) is more challenging in a dryland context, but is key to avoid dryland
degradation and sustain natural resource-based livelihoods. Furthermore, drylands are also
prone to the occurrence of violent conflicts (IPBES, 2018) and exposed to other stressors with

a social origin that undermine human well-being and adaptive capacity (Lopez Porras et al.,
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2018). Learning, iteration, and collaboration are important principles of AWG for increasing
adaptive capacity and mitigating SES sensitivity (Hill Clarvis et al., 2014). Nonetheless moving
towards AWG requires a deep understanding of the societal and ecological stressors, as they
define SES exposure and the threats that must be addressed (Lopez Porras et al., 2019).
Accordingly, the lack of recognition of the societal stressors undermines the coping or
adaptive strategies needed to face them, increasing SES vulnerability (Miller et al., 2010).
While this paper uses examples from drylands, the necessity for enhancing WES conservation
and allowing ecological functioning to recover, for which AWG has been proposed, is not
exclusive to dryland systems. Enabling AWG in other SES is also paramount if they are
valuable, and yet, damaged and degraded natural systems, vulnerable to multiple stressors
(Capon et al., 2015; Zhang et al., 2018). AWG fits for any SES where water governance has
failed to effectively manage WES, given exposure and sensitivity to societal and

environmental stressors.

3. Adapting to societal and environmental stressors

Dryland stressors are not exclusively climatic or environmental (IPCC, 2014). The social
dimensions of SES have only been discussed in terms of livelihoods or economic vulnerability,
with focus often being placed on poverty (Downing et al., 2006). Accordingly, exposure to
harm has not been captured in terms of security, good social relations, peace of mind and
spiritual experience, — all of which are basic elements of human well-being (Diaz et al., 2015).
Research has shown that adapting legal frameworks to focus only on economic development

generates societal stressors that increase vulnerability to the loss of ethnicity, culture, and
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lifestyle, and may lead to violent conflicts and rebellions (Alfie Cohen, 2015; Pichler and Brad,

2016; Stoltenborg and Boelens, 2016).

Among societal stressors, we find corruption, illegal practices, unequal distributions of costs
and benefits, and systematic human rights violations. These can be as dangerous as natural
hazards, since they may lead to social clashes, as well as crop and dam destruction (Lopez
Porras et al.,, 2018; Pichler and Brad, 2016). They fragment and limit water governance
(Chaffin et al., 2016; Lopez Porras et al., 2019) increasing water crises in drylands since water-
related problems are connected to or influenced by governance failures (Loé and Patterson,
2017; Pahl-Wostl, 2017). The greater the integration of these elements when conducting a
SES assessment, the greater the potential understanding of the relationship between
resilience and vulnerability, and how climate and/or societal stressors can exacerbate each

other (IPCC, 2014).

4. Principles for moving towards adaptive water governance

Enabling AWG requires an adjustment of the institutional setting, according to, and by
understanding, stakeholder perceptions, SES attributes, and the properties that maintain the
system’s functioning (De Vente et al., 2016; Huitema et al., 2009; Pahl-Wostl and Knieper,
2014; Schliter et al., 2017). Given the need for better integration of society’s role in increasing
dryland adaptation to climate change and uncertainty, along with its influence over resilience,
we developed three principles (Table 1) that aim to increase the practical value of resilience

theory and AWG literature in drylands.
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Table 1 Principles for moving towards adaptive water governance.

Principle1 | Water governance must consider informal institutions when aiming to

support adaptation

Principle 2 | Compliance with and enforcement of rules are the means through which a

system’s functioning can continue

Principle 3 | Context shapes the guidelines for a transition towards adaptation

4.1 Water governance must consider informal institutions when aiming to support

adaptation

It is currently understood that informal authorities and institutions play a major role in water
governance, for which increasing public-private coordination and participation has been
sought for the benefit of all stakeholders (Rogers et al., 2003). Informal institutions refer to
norms of behaviour that are ruled by culture, such as traditions, religious beliefs, perceptions,
and moral values (Pejovich, 1999). Accordingly, informal institutions guide decision-making
processes (Kaufmann et al., 2018; North, 1990). They affect the way societies interact with
their environment (e.g. in obtaining benefits from nature), and the experience resulting from
this shapes their perspectives on the relationship between nature and good quality of life

(Diaz et al., 2015).

WES are valuable in terms of how they are perceived, which in turn, shapes how they are
accessed. But when stakeholders with opposing perceptions share common pool resources
like water, and formal institutions do not foresee this situation, water access can give rise to

overexploitation and social conflicts (Lopez Porras et al., 2018). Putting this in a dryland
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context, where extreme drought is associated with an increase of 45 percent in violent
conflicts (IPBES, 2018), the challenge is not only how to deal with water shortages, but also
the rivalries and behaviours underlying this conflictive context. WES management objectives
set by formal institutions will not succeed if they do not consider the complexities around

informal institutions (Pahl-Wostl and Knieper, 2014).

Another example of an informal institution is corruption (Kaufmann et al., 2018), consisting
of the abuse or misuse of power (Sgreide and Truex, 2013). Corruption undermines SES
resilience and can worsen institutional deficiencies caused by conflicting perspectives by
boosting system exposure to other stressors (Leitao, 2016). Even though addressing
corruption is complex as it is shaped by economic, historical, social, political, and cultural
factors (Iza and Stein, 2009; Leitao, 2016), it must be reduced at least to a point where it does
not increase SES vulnerability (e.g. via water depletion or social clashes). For instance,
enabling local water management embedded with transparency, legitimacy, and

accountability can mitigate corruption (lza and Stein, 2009; Sgreide and Truex, 2013).

Huitema et al.,, (2009) say that informal institutions comprise “the power relations and
practices that have developed and the rules that are followed in practice” (p. 2), influenced
by social, environmental and political factors that increase institutional complexity when
aiming for adaptation (Cortez Lara, 2010; Huitema et al., 2009). Public participation and
actions of local stakeholders are fundamental for driving institutional change and dealing with
societal complexities, even in large-scale SES (Cortez Lara, 2010). Although this raises a
concern about the assignment of governance responsibilities, the AWG principle of

subsidiarity emerges as a suitable solution by allowing institutional design and
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implementation at the lowest or most suitable scale for addressing local needs (Garrick, 2018;

Hill Clarvis et al., 2014).

Water governance systems whose formal institutions are centralised and alien to SES
dynamics or local context, are weakly enforced and have a poor and undermined rule of law,
which facilitates corruption (Leitao, 2016; Rogers et al., 2003). Conversely, multi-scale
governance systems with sufficient independence and autonomy to create their own rules
embedded with local knowledge and customs, have better monitoring, collaboration and rule
compliance (Ostrom, 2010). Strong and suitable institutions mean strong rule of law
supported by civil society, with clear rules of conduct; where values and norms of behaviour
play a major role in the compliance with and enforcement of rules (Leitao, 2016; Pejovich,

1999; Rogers et al., 2003).

4.2 Compliance with and enforcement of rules are the means through which a system’s

functioning can continue

Rules facilitate SES goals: they give structure and order, avoiding the chaos that could emerge
from crossing system thresholds (Peterson, 2018); rules must shape human behaviour so SES
functioning can continue. If rules consider informal institutions, they should aim for mutual
betterment, and therefore, stakeholders should be willing to meet their obligations;
nonetheless, when someone fails to comply, enforcement is necessary to provide security for
other stakeholders (Iza and Stein, 2009). Rules, to be effective, not only must adequately
punish corruption, overexploitation, or breach of law, but also need to contemplate
incentives for WES conservation, for instance, by establishing a compensation system for

compliance with water conservation standards. This is based on the assumption that to
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influence human behaviour, rules must 1) foresee positive (rewards) and negative (penalties)
consequences (Doménech Pascual, 2015), 2) be developed in relation to people’s needs, and

3) be designed in context with the SES reality (DeCaro et al., 2017a).

Rules need to match the appropriate scale, fostering local creativity and innovation because
problems are scale-dependent, and rules can be better enforced if they are designed using
local knowledge, which also increases their legitimacy and acceptance (Cosens et al., 2017;
Garmestani and Benson, 2013). High costs and complexities in law enforcement make for a
failed rule of law (Rogers et al., 2003), negatively impacting the SES. Rules should be limited
to those strictly necessary, as this will require fewer resources for law enforcement, besides,

bad and unnecessary rules diminish respect for good rules (Peterson, 2018).

As water governance must consider informal institutions when aiming to support adaptation
(principle 1), rules must be developed with similar levels of awareness about SES conditions.
Inequalities in awareness (e.g. the benefits of WES conservation) lead to breaches of law as
there are few disincentives to reduce overexploitation (Lopez Porras et al., 2019). Unequal
awareness brings a lack of understanding of why the regulations are established, and of
uncertainty about the achievement of the objectives (e.g. increasing adaptive capacity or WES
conservation). It is common for societies threatened by uncertainty to feel conflict over rule
adherence, ("strict rules and laws are a good thing if others, not myself, follow them"(p.399))
when they are not conscious of the consequences of not fulfilling their obligations (Kaufmann
et al. 2018). Uncertainty and unequal awareness of the negative outcomes of our actions,

lead to decreased pro-social behaviour and promote selfishness (Kappes et al., 2018).

If, for instance, dryland farmers are uncertain about whether their agricultural practices are

causing water depletion or not, they are more likely to keep overexploiting water resources.
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However, perceptions of social norms establish that if comparable levels of awareness and
values are developed and uncertainty is reduced, negative outcomes can be identified,
agreed, and so avoided (Kappes et al., 2018). In the case of dryland farmers, more certainty
about the negative effects of agriculture on WES conservation will clarify the rules’ functional
aims, and so, the importance of respecting them. Suitable rules require common goals so as
to establish priorities and thus a hierarchy of values. This then has the potential to reconcile
opposing perceptions, create a shared value system, and create a cultural alignment that

stabilises interactions between stakeholders, enhancing their collaboration (Peterson, 2018).

4.3 Context shapes the guidelines for a transition towards adaptation

The transition towards adaptation refers to the trajectory of a governance regime designed
to increase adaptive capacity. Increasing adaptation through governance regimes requires a
deep understanding of the social influence over SES, in order to adjust rules according to
system identity and create sustainable resource management (Kerner et al., 2014). Ways to
enable AWG vary according to each context (De Vente et al., 2016). In a dryland context, this
means managing resource scarcities and addressing the weaknesses that undermine adaptive
capacity (Balbo et al., 2016). For instance, in Mexico (where approximately 60% of the country
is dryland (Mirzabaev et al., 2019)) water overexploitation and conflicts over access are
increasing (Athie, 2016; Lopez Porras et al., 2019). Accordingly, adaptive strategies need to
also consider the conflictive context that can undermine adaptive capacity. Even though
adaptation has a nuanced association with climate change (Folke, 2016; Garrick, 2018), it

should not be limited to the capacity to respond (by adjusting or transforming) to climate, but
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also to societal impacts on the SES. Movement towards AWG can only be achieved under that

premise.

This takes on greater relevance given the increasingly conflictive context in drylands, where
increasing poverty, lack of food, migration, land degradation, water scarcity and its
“weaponization”? generate an enormous social toll and negatively impact SES; and effects
transcend national borders (IPBES, 2018; Werrell and Femia, 2017). Equal consideration of
dryland exposure to climate and societal stressors appreciates that adaptation is not a

blueprint, while failed adaptation means failed understanding of SES stressors.

Context shapes the guidelines for a transition towards adaptation, means that besides the
options for adapting to climate change, for instance, those that were presented by the IPCC
(2014), the inherent complexity of SES requires consideration of non-environmental factors
that influence vulnerability, and to which it also has to be adaptive. As found in Australia
(where approximately 8% of global drylands are located (Mirzabaev et al., 2019)) increasing
water scarcity, bureaucratic obstacles, and inability to overcome conflicting interests have
undermined water governance and transitions to AWG in the Murray Darling Basin
(Alexandra, 2018). Knowing what to do and how to do it when aiming to increase adaptation,
requires unpacking the co-adapting SES processes, components, and dynamics that are
shaping its development pathway, looking across multiple sectors and scales (Rammel et al.,

2007; Stringer et al., 2017).

Successful transitions and transformations are based on accurate interpretations of the roles
of societal factors in shaping SES resilience, including all the voices and values that will allow

and reinforce AWG (Chaffin et al., 2014). To define suitable AWG for a system context that

2 When in water-scarce contexts, water access is used to exercise and impose power (King, 2015).
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will potentially increase SES resilience, we need to understand the system dynamics,
resilience attributes, and vulnerabilities (Downing et al., 2005; Engle, 2011). That is,
unravelling context-specific components shaping SES pathways facilitates a transition to AWG
(Engle, 2011), by identifying how governance regimes should match local geographic and
social conditions (e.g., location, physical assets, and procedures) for increasing adaptation

(Garrick, 2018).

5. Conclusion

Strengthening dryland resilience is paramount given its water-scarce context and the
challenging conditions in which its inhabitants live. However, traditional water governance
has failed to achieve resilience, and worse still, has led to a decline in WES, increasing conflicts
over water access, and driving migration to find better opportunities for human development.
AWG has the potential to increase dryland adaptation by adjusting water access according to

SES context, allowing the conservation of WES on which many dryland livelihoods rely.

Enabling AWG for increasing adaptation requires a better recognition of the exposure and
sensitivity to societal as well as climate stressors, the formal and informal institutions that
hinder or boost adaptation, and the ecological and social context (e.g., dryland and
conflictive). The principles for moving towards adaptive water governance aim to integrate
those complexities, so dryland expansion and degradation can be better addressed, by
increasing adaptation and strengthening resilience. The next steps should be the
implementation of these principles in drylands, and in other SES with undesirable states of

water governance.
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