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Foreword

The world has entered a period of unprecedented change, as conveyed by the Great 
Acceleration. Our planetary life support system has the potential to be overwhelmed 
by the combined forces of climate change, declining biodiversity, pollution and 
social unrest or more positively to chart a course to a sustainable future that pacifies 
these forces for coming generations. Equally positively, in 2015, the world came 
together to endorse Agenda 2030 with its set of Sustainable Development Goals 
(SDGs), a remarkable agreement among all nations of the world as to the form of 
the future we want.

Nowhere are the challenges and opportunities more evident than in the drylands 
of the world. Drylands are the ‘canary in the mine’ for human disruption due to 
global change. The dependence of a billion of their inhabitants’ livelihoods on eco-
system services means that dryland peoples are among the first to be affected by 
widespread changes such as land degradation, climate change and undermined 
water cycles. Not surprisingly, many of the world’s refugee movements can be 
linked to resource pressures in drylands. Yet in the past, their challenging environ-
ments also made them a source of many social and technical innovations; and this 
continues today, with persisting traditional linguistic and cultural diversity. Thus, 
there is hope.

But this hope will only be realized through systematic efforts to entrain research 
and local knowledge towards an understanding of how to support the drylands better, 
as well as the implementation of this understanding. This book is a first major prod-
uct of a relatively new network, RISZA, focused on collective learning about the 
sustainability of the drylands of the Global South. It builds on advances in drylands 
thinking over the past two decades, including the evolving Drylands Development 
Paradigm, but is the first to frame this effort in conjunction with the SDGs.

The contributors to the book frame the challenges of drylands as guiding com-
plex adaptive social-ecological systems, looking through various sectoral lenses but 
with the whole framework of the SDGs in view. Parts of the book emphasize the 
potential for alliances at all scales from local transdisciplinary engagement to 
regional alliances, like the Agadir Platform, and global networks, like RISZA itself, 
as well as alliances across disciplines and technologies and even in to the arts and 
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humanities that are so important for framing the cultural norms and messaging 
through which the world views drylands.

I look forward to see the fruits of the discussions and partnerships which have 
taken root through the development of this book and which are so important for the 
future of the drylands and their inhabitants.

CSIRO Land and Water, Canberra, Australia�   Mark Stafford Smith
May 2019

Foreword
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Introduction

Current global risks emerging from socio-environmental changes are clearly linked 
to inappropriate and misleading models adopted for natural and socio-economic 
development (Sena et al. 2016). Among them, the destruction of ecosystems, loss of 
biodiversity and ecosystem function, land use, occupation, land use change and 
deforestation and the increasing expansion of drylands, together with misgover-
nance and other socio-political factors, constitute clear threats to the provision of 
natural resources, especially at the local level. These processes affect the environ-
ment and its interrelationship with society by modifying local populations’ condi-
tions of life, health, education and future development perspectives, among others. 
At the same time, the recent adoption of the Sustainable Development Goals (SDGs) 
adopted in 2015 paves the way for a new global framework under which nations 
worldwide must increase their efforts to stop poverty and improve life conditions of 
millions of people while conserving nature as life support systems by 2030 (UN 
2015). The SDGs are firmly rooted in the sustainable development paradigm, which 
renders them conceptually appealing.

Ever since the conception of ‘sustainability’ as a guiding paradigm, it has become 
evident how difficult it is to integrate social, political, ecological and economic 
aspects—because of their complex interrelations and trade-offs (Berg 2015). In the 
specific case of drylands, challenges multiply due to the complex management of 
the so-called fragile ecosystems, like deserts which are constantly under pressure by 
climatic variations and human-induced activities. Desertification affects as much as 
one-sixth of the world’s population, 70% of all drylands and one-quarter of the total 
land area of the world (WAD 2018). It results in the widespread poverty as well as 
in the degradation of billion hectares of rangeland and cropland (UNCED 2015). 
Understanding the drylands socioecological systems, integrated with stewardship 
(i.e. planning, management and governance), must be set out in order to fulfill the 
ambitious agenda of the SDGs.

Cross-sectoral aspects of decision-making for the sustainable use and develop-
ment of natural and cultural resources as well as a transdisciplinary approach to the 
study of drylands are essential for the implementation of a robust and integral 2030 
agenda.
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This collective book is meant to explore cutting-edge views from different schol-
ars about drylands and their interactions with a socio-ecosystemic environment and 
its projections towards the compliance of the SDGs agenda. The authors will explore 
from different angles the issue of drylands and will analyse the trade-offs as well as 
the link of social and economic development with environmental protection and 
enhancement for reaching the goals set by the 2030 agenda.

Introduction
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Chapter 1
Introduction: International Network 
for the Sustainability of Drylands—
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Research for Dryland Stewardship 
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Abstract  Drylands are the largest biome complex on Planet Earth and home to 
over 40% of the human population. Their extraordinary high biotic and cultural 
richness is endangered by global climate change, land use pressures including 
coastal/marine systems, and environmental degradation. Understanding and main-
taining the functional integrity of dryland socio-ecological systems (DSES) is fun-
damental for sustainable development. It requires resilience-based dryland 
stewardship, where land users, managers and decision-makers incorporate change, 
as understood from the multiple actors’ perspective of a SES, into their planning 
and governance. The linkage of America’s drylands with west Africa and Southern 
Europe is often overseen, however increasing economic activities in these DSES 
have enormous impacts on their functional integrity. In response to this daunting 
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task, academic and government institutions founded the Agadir Platform as a coor-
dinating instrument for cooperation in the Global South. As focal node of this plat-
form, Mexico established the first international network to co-generate knowledge 
through transdisciplinary research partnerships. We present the conceptual frame-
work of this network highlighting 1) the socio-ecological system’s approach, 2) the 
transdisciplinary scope of participatory research, 3) the intercultural action scheme, 
and 4) the repercussions of this integrated approach on polycentric governance. This 
book includes diverse examples of the application of this framework in DSES rang-
ing from co-designing socio-ecological development projects, to adaptive manage-
ment, and policy development.

Keywords  RISZA · Transdisciplinary networks · Co-designed projects · Arid lands 
· Participative research · South-South and triangular cooperation

Drylands are the largest biome complex on Planet Earth and home to over 40% of the 
human population. Their extraordinary high biotic and cultural richness is endan-
gered by global climate change, land use pressures including coastal/marine systems, 
and environmental degradation. Understanding and maintaining the functional integ-
rity of dryland socio-ecological systems (DSES) is fundamental for sustainable 
development. It requires resilience-based dryland stewardship, where land users, 
managers and decision-makers incorporate change, as understood from the multiple 
actors’ perspective of a SES, into their planning and governance. The linkage of 
America’s drylands with west Africa and Southern Europe is often overseen, how-
ever increasing economic activities in these DSES have enormous impacts on their 
functional integrity. In response to this daunting task, academic and government 
institutions founded the Agadir Platform as a coordinating instrument for coopera-
tion in the Global South. As focal node of this platform, Mexico established the first 
international network to co-generate knowledge through transdisciplinary research 
partnerships. We present the conceptual framework of this network highlighting 1) 
the socio-ecological system’s approach, 2) the transdisciplinary scope of participa-
tory research, 3) the intercultural action scheme, and 4) the repercussions of this 
integrated approach on polycentric governance. This book includes diverse examples 
of the application of this framework in DSES ranging from co-designing socio-eco-
logical development projects, to adaptive management, and policy development.

Aridity is often characterized by an aridity index (AI) (Thomas and Middleton 
1992), calculated as annual precipitation divided by annual potential evapotranspira-
tion, and ranges from a minimum of 0.05 to a maximum of 0.65 (Hulme 1996; Safriel 
et al. 2005). Based on the AI drylands can be classified as hyperarid, arid, semi-arid, 
and dry sub-humid (UNCCD 1994). In comparison to other biomes, life in the drylands 
has evolved under highly variable precipitation, extreme water scarcity, pronounced 
fluctuations in diurnal temperatures, and extended exposure to high levels of solar 
radiation (Noy-Meir 1973). These factors continuously exert strong selection pressures 
on specialized life forms (Whitford 2002). However, there is an exceptionally high spe-
cies diversity across all categories of biota that contributes to varied ecosystems that 
span from coastal drylands to intracontinental basins and highland plateaus.
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Dryland ecosystems offer a wealth of ecosystem goods and services for human 
well-being (Safriel et al. 2005; Stafford Smith et al. 2009). Large populations of 
agriculturalists, pastoralists, and coastal fishermen have enormous cultural wealth 
and ecological knowledge. Over millennia, humans have adapted to the scarcity and 
abundance cycles of natural resources, shaping their livelihoods accordingly 
(Stafford Smith and Cribb 2009; Davis 2016a). The long history of fine-tuning 
socio-economic and political life among drylands peoples reflects some of the old-
est legacies of socio-ecological system (SES) development, and today are character-
ized by both their ecological significance in sustaining the supply of ecosystem 
services and their capacity to support millions of people (Safriel et al. 2005; Cherlet 
et al. 2018). Variability is an inherent structural property of drylands (Stafford Smith 
et al. 2009) to which local communities have adapted and evolved under, thereby 
lowering their vulnerability to unpredictable environmental changes (Krätli 2015; 
Davis 2016b). These adaptive social–ecological interdependencies of human activi-
ties and ecosystem services require collective knowledge-based actions supporting 
dryland stewardship (Chapin III et al. 2009a, b, c).

However, over recent decades, drylands have suffered substantial losses of pro-
ductivity and biodiversity, increasing the severity and frequency of droughts, food 
insecurity, poverty, violence, emigration, and social disintegration (Reed and 
Stringer 2016; Cherlet et al. 2018; Middleton 2018). In addition, some areas have 
been converted to irrigated lands to expand high-input agriculture and to pastures 
for intensive livestock production (Jia et al. 2004; Squires 2010) triggering irre-
versible systemic changes. The processes underlying all these changes are often 
termed desertification (UNCCD 1994; Reynolds et al. 2007) undermining the sus-
tainable regional development and threatening the global dryland SES (UNCCD 
1994; Cherlet et al. 2018), which are mainly situated in the Global South. According 
to the sustainable development goals, the objectives include thriving lives and 
livelihoods, sustainable food security, sustainable water security, universal clean 
energy, healthy and productive ecosystems, and governance for sustainable societ-
ies (Griggs et al. 2013).

The scope of this chapter is to elucidate the challenges of understanding current 
human and environmental conditions in the drylands and identify emerging research 
needs that can help forge pathways towards improved stewardship and sustainable 
development in future drylands in a world that will also be buffeted by climate 
change. Many issues related to transforming and governing drylands have been 
developed theoretically at the global scale [e.g., sustainable development goals and 
land degradation neutrality (Orr et al. 2017; Cowie et al. 2018)]. Some plans have 
been implemented at a national scale (INEGI 2019; UNCCD 2019), but scaling 
down sustainable development to dryland local communities is still lacking. 
Furthermore, suitable SES research methods that fully respond to such theoretical 
developments are required and need to be better defined and promoted.

Therefore, we present the International Network for Dryland Sustainability (“Red 
Internacional para la Sostenibilidad de Zonas Áridas, RISZA”) that tackles the current 
dryland challenges at the local and regional scale, and supports several activities and 
goals. These include: (1) Creation of multisectoral partnerships associated with local 
SESs; (2) facilitation of intercultural exchange and dialogue; (3) weaving of different 
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knowledge systems (Johnson et al. 2016; Tengö et al. 2017); (4) encouragement of 
transdisciplinary and participatory research (Schuttenberg and Guth 2015; Hickey 
2018, Hickey et  al. 2018; Willyard et  al. 2018) for the co-production of relevant 
knowledge for action research (Clark et al. 2016; Durose et al. 2018); (5) generation of 
place-based learning communities (Davidson-Hunt and O’Flaherty 2007); (6) stimula-
tion of the co-design of novel management, assessment, and governance schemes 
(Whitfield and Reed 2012; Schoon et al. 2015; Bautista et al. 2017; Bodin 2017; de 
Vente et al. 2017, (7) providing information for sustainable policy and socio-economic 
development standards in accordance with the United Nations Sustainable 
Development Goals (Agenda 2030). This network is the first national/international 
node of a recently founded international platform (see Chap. 13) to coordinate novel 
research, management, and assessment models in the drylands of Latin America, North 
Africa, and Europe in response to global environmental change in the Anthropocene.

The RISZA initiative also contributes to the wide range of activities related to the 
so-called Global South to foster the global scientific and research-development 
agenda on drylands. As a matter of context, the concept “Global South” refers 
broadly to the regions of Latin America, Asia, Africa, and Oceania. It is a term that 
has emerged as an alternative to the misconceived and former colonial ideas of “The 
Third World” and “Periphery” adopted in Europe and North America pointing to 
low-income and often politically or culturally marginalized countries of the planet 
(Dados and Conell 2012). The use of the “Global South” idea marks a shift from a 
central focus on underdevelopment or cultural differences in world countries, 
towards an emphasis on geopolitical relations of power among more equal nations. 
This is possible through the economic, political, cultural, and environmental 
changes that many developing nations in different continents have undergone over 
the past three decades. The Global South is rather an international political and 
economic concept that focuses on how world cultures, particularly those from Latin 
America Africa and Asia, respond to globalization and global processes linked to 
the environment, poverty, immigration, gender, etc., together with transformation, 
colonialism and post-colonialism, and modernity.

In the specific case of this book, we address the vision of drylands stewardship 
through the lens of a group of countries in Latin America (mostly Mexico) and Africa, 
through the nexus with the Agadir Platform, a transdisciplinary initiative, where coun-
tries from the two regions and Southern Europe collaborate on a common scientific 
agenda on sustainable development in drylands in the light of climate change.

�Drylands Vulnerability in the Twenty-First Century

Over millennia the drylands have undergone innumerable transformations in cli-
mate, biotic interactions, and human conditions. Pressing current challenges in 
global drylands include a broad spectrum of issues as shown in Table 1.1.

Hence, these challenges explain why drylands currently cover over 35% of the 
global biodiversity hotspot area (Davies et al. 2012) and 28% of the total area of 
World Heritage Sites (Gudka et  al. 2014). Past climate warming has been most 
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pronounced in drylands, with an average increase of 1.7 °C between the years 1948 
and 2008 (Huang et al. 2012); this warming trend is about 2.1 and 1.5 times greater 
than any increase observed in humid regions and globally, respectively (Huang et al. 
2015, 2017a, b). Over a sixty-year period (1948–2008), drylands have expanded to 
their current extension (Feng and Fu 2013). Drylands are one of the most vulnerable 
biomes to climate warming, likely unable to tolerate the 2 °C warming threshold of 
the 2015 Paris agreement (Huang et al. 2017a). When considering high CO2 emission 
scenarios (RCP 8.5), global drylands are predicted to expand at an even faster rate in 
that they will cover up to 56% of the terrestrial surface by 2071–2100 (Huang et al. 
2015, 2017b). When considering only the CO2 fertilization effect, drylands are pre-
dicted to increase their productivity. It has been shown that within 28 years (1982–
2010) leaf cover has increased by 11% likely attributable to a 14% increase in 
atmospheric CO2 concentration (Donohue et  al. 2013). Finally, recent simulation 
models suggest that temperate drylands will shrink by a third and convert to subtropi-
cal drylands, and that drought may reduce water availability primarily at deep soil 
layers during the growing season with obvious implications on vegetation shifts, 
declines in ecosystem services supply and livelihood options (Schlaepfer et al. 2017).

Table 1.1  Pressing current challenges in global drylands

Challenges Some references

Human population growth Wang et al. (2012), Reid et al. 2014), Cherlet et al. 
2018)

Conversion of key rangeland resources to 
agricultural uses and groundwater 
exploitation

Chapter 3; Peters et al. (2015)

Sedentarization of pastoralists and other 
changes in traditional livelihoods

Chapter 2; Marlowe (2005), Reid et al. (2014)

Migration Coppock et al. (2017)
Privatization of communal land Reid et al. (2014)
Expanding urbanization Reid et al. (2014), Peters et al. (2015)
Expansion of infrastructure for renewable 
energy generation and intensive agriculture

Chapter 5; Matson (2012), Reid et al. (2014), 
Cherlet et al. (2018)

Extraction of fossil fuels Reid et al. (2014)
Expansion of mining Reid et al. (2014)
Overgrazing by domestic livestock Peters et al. (2015), Cherlet et al. (2018), 

Middleton (2018)
Invasive species Reid et al. (2014)
Proliferation of water development Chapter 3; Wilcox et al. (2011)
Aquifer overexploitation Chapter 3; Aeschbach and Gleeson (2012)
Imposed or inadequate conservation 
management plans

Dudley (2008), Dressler et al. (2010) but see 
Gudka et al. (2014)

Inappropriate restoration and/or 
afforestation projects to enhance carbon 
capture

Wilcox et al. (2011), Veldman et al. (2015), Nolan 
et al. (2018)

Loss of local and indigenous knowledge Figueroa (2011), Johnson et al. (2016) but see 
Gómez-Baggethun and Reyes-García (2013) for 
interpretation

Increased frequency of droughts Chapter 15; Huang et al. (2017b)
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Such accelerated changes in dryland use can introduce new dynamics in SES and in 
the transitions between stable and unstable SES states (Huber-Sannwald et al. 2012; 
Bestelmeyer et al. 2015). A state is characterized by certain vegetation and soil types 
and ecosystem processes (Bestelmeyer et al. 2015), which supplies a set of ecosystem 
goods and services in accordance to human demand (Yahdjian et al. 2015). Inherent 
and new sources of disturbances may cause changes of SES states; these changes can 
be abrupt, gradual, reversible, or persistent. Hence, unpredictable trends of change will 
be accompanied by new challenges related to understanding the combined and interact-
ing effects of historic land use change, climate variability, alterations in the functioning 
of dryland SES, and their resilience and ability to deliver future ecosystem services 
(Folke et al. 2009, 2010). While extended droughts and increased variability in precipi-
tation directly exacerbate socio-environmental degradation in drylands (Puigdefábregas 
1998; Stott 2016), indirect policy-induced desertification also occurs (Geist and 
Lambin 2004; Adams 2009; Davis 2016b; Huaico Malhue et al. 2018).

Scholars have long debated on how to better manage the inherent variability of 
drylands to improve human living conditions. Such engineering approaches are 
grounded on the premise that one can reduce the inherent variability of drylands by 
adopting agricultural practices that have been successful where water availability is 
more predictable. A prominent example is crop irrigation, for instance, in the Yaqui 
valley in Mexico; this desert area has been the cradle of the Green revolution and the 
worldwide leader in wheat producer (Matson 2012). Environmental uniformity and 
stability, and the removal of redundancy may guarantee short-term high crop yields 
and temporarily increase food security, yet at the cost of irreversible loss of biotic and 
cultural diversity (Holling and Meffe 1996; Safriel et al. 2005; Walker and Salt 2006) 
along with trade-offs on sustaining ecosystem services (Papanastasis et al. 2017).

Human interventions intended to achieve sustainable development, as defined in 
the UN Sustainable Development Goals (https://www.un.org/sustainabledevelop-
ment/sustainable-development-goals/), no longer require investment in maximizing 
commodity production, but rather in diversifying protections afforded to the biota, 
cultures, and knowledge systems in order to increase the response and adaptation 
spectra to regional or global socio-environmental change (Chapin III et al. 2009a). 
This increases the system buffering capacity against unpredictable change (Huber-
Sannwald et al. 2012). The role of traditional ecological knowledge in understand-
ing SES is crucial to understand how some local communities have sustained 
resilient landscapes, but also for the successful stewardship of diverse SES where 
the division between nature and society is bridged and true ethical multisectoral 
collaborations are accomplished (Johnson et al. 2016).

�Desertification and Land Degradation Versus Drylands 
Resilience

According to the United Nations Convention to Combat Desertification (UNCCD 
1994) desertification refers to land degradation in drylands due to various factors, 
including climatic variations and/or human activities (Article 1 of the UNCCD). The 
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