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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



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.

vii



viii Introduction

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.
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Chapter 1

Introduction: International Network
for the Sustainability of Drylands—
Transdisciplinary and Participatory
Research for Dryland Stewardship
and Sustainable Development

E. Huber-Sannwald, N. Martinez-Tagiieia, 1. Espejel, S. Lucatello,
D. L. Coppock, and V. M. Reyes Gomez

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 Al 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
etal. 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 (Kritli 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, ¢).

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 Aridas, 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; Teng6 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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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
Goémez-Baggethun and Reyes-Garcia (2013) for
interpretation

Increased frequency of droughts

Chapter 15; Huang et al. (2017b)

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 CO, 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 CO, 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 CO, 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).



6 E. Huber-Sannwald et al.

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 (Puigdefabregas
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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Millennium Ecosystem Assessment (2005) defines land degradation as a process
that leads to a long-term failure to balance the demand for and the supply of ecosys-
tem goods and services. While there are estimates that about 10-20% of global dry-
lands suffer from desertification (Reynolds et al. 2007; D’Odorico et al. 2013), due
to the complexity of the causes of desertification and the impacts of land degradation,
we have little understanding of both local expressions and the global extent of this
problem (Cherlet et al. 2018). What is the origin of desertification? Where does its
legacy originate, in the (false) sense that deserts are the result of deforestation, over-
grazing, and excessive burning by indigenous nomadic pastoralist populations (Davis
2016a, b)? How can one explain major investments globally and regionally in strate-
gic projects of “re”forestation and greening that promise to convert deserts into “pro-
ductive land” (Davis 2016a, b; Stafford Smith 2016; 8000 km of Great Green Wall in
the Sahel https://www.greatgreenwall.org/about-great-green-wall)?

The Earth’s largest drylands are about 65 million years old, but like other biomes
drylands have undergone dramatic changes over time (Goudie 1986). As noted above,
in the drylands the scarcity, variability, and unpredictability of water over space and
time are unique characteristics that have challenged traditional linear approaches to
understanding ecosystem dynamics (Whitfield and Reed 2012). Seminal works by
Westoby et al. (1989), Walker (1993), and Holling (1988) have stated that after a dis-
turbance event, ecosystems return to a stable state of “equilibrium” or “climax,” with
a new “non-equilibrium” paradigm (Westoby et al. 1989). However, in most dryland
SES most likely we will find both equilibrium and non-equilibrium features due to an
extremely high spatiotemporal heterogeneity in structure, function, and overall sys-
tem resilience (Coppock and Briske personal comment). What is currently labeled
redundant or “noise” may be the source of system stability and resilience in the future
under changing and interacting environmental conditions (Folke et al. 2010).

This concept of “non-equilibrium” is not only reflected in multiple stable bio-
physical states, but necessarily applies also to alternative socio-economic states
(Reynolds and Stafford Smith 2002; Huber-Sannwald et al. 2012). While innate
natural disturbance regimes have been acknowledged in contributing to the natural
dynamics of SES (Pickett and White 1985), these aspects have not been considered
in environmental policy formulation, concepts of dryland development, and anti-
desertification policies (Behnke and Mortimore 2016; Davis 2016b) with poten-
tially detrimental implications as they do not foresee the unpredictable non-linear
nature of SES change (Reynolds et al. 2007; von Wehrden et al. 2012).

Desertification was recognized as one of the first major global change problems
(UNCCD 1994; Thomas and Middleton 1992) and since then, it has been on the
global UN agenda (Stafford Smith 2016). In 1977, the first United Nations Conference
on Desertification (UNCOD) was organized. In parallel, in the second half of the
twentieth century global dryland policy was targeted towards dryland restoration to
enhance productivity in ways aligned with capitalist development goals (Davis
2016a). Ironically, however, some of the regions, most severely affected by desertifi-
cation seem to have been related to those inappropriate policies that arose from
misperceptions on the origin and (falsely promoted lack of) value of drylands and the
supposedly inappropriate traditional uses by local populations (Davis 2016a).
While scholars continue to debate how to best distinguish land degradation from
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desertification and to identify their underlying causes (Reynolds and Stafford Smith
2002; Reed and Stringer 2016; Reed et al. 2011; Behnke and Mortimore 2016; Davis
2016a, b), or measuring how much land loss has occurred (Huaico Malhue et al.
2018), the UN is targeting a land degradation neutral world by 2030 as one of the
sustainable development goals (Chasek et al. 2015; Safriel 2017; Cowie et al. 2018),
highlighting new challenges and opportunities (Stavi and Lal 2015; Akhtar-Schuster
et al. 2017) and ignoring potential pitfalls (Easdale 2016; Okpara et al. 2018).
Undoubtedly however, climate change may have contrasting impacts at the regional
scale and thereby interact with human effects on land degradation, either by causing
mega-droughts reducing vegetation cover and thereby exacerbate land degradation or
by enhanced precipitation leading to some re-greening of drylands (for example, in
the Sahel, Herrmann and Sop 2016; Behnke and Mortimore 2016).

Despite global awareness of and attention to desertification, success stories about
its combating and/or developing the world’s drylands are surprisingly scarce (for
exception, see Reid et al. 2014). Thus, leading us to question why re- and afforesta-
tion projects have failed and have, at times, negatively affected biodiversity, as well
as the hydrological and biogeochemical cycles of drylands (Amdan et al. 2013).
Both irrigated and rain-fed agricultural schemes in drylands have overall rendered
low crop yields and increased soil salinization and land degradation (Southgate
1990; Lambin et al. 2001), while rangeland management programs appear to have
had little or no effects on improving land degradation (Dregne and Chou 1992).
Conversely, regions formerly claimed to be notoriously and presumably irreversibly
degraded by overgrazing have recovered after the end of long drought periods
(Donohue et al. 2013; Dardel et al. 2014). In the wake of an accelerated rate of
global socio-environmental change (Steffen et al. 2015), it is useful to question
whether drylands are doomed to be physically degraded and desertified by humans
(Reynolds and Stafford Smith 2002), or whether they instead present an opportunity
for sustainable development (Reynolds et al. 2007; Mortimore et al. 2009; Kritli
2015; Behnke and Mortimore 2016).

Dryland Socio-Ecological Systems Are Complex Systems

Socio-ecological systems are complex adaptive systems where the relationships
between humans and nature are based on interconnections among system compo-
nents, whose interlinkages and dynamics create emerging properties with synergis-
tic effects (Berkes et al. 2008; Koontz et al. 2015; Biesbroek et al. 2017; Tabara
et al. 2018). All complex systems have their inherent quantitative measures such as
structure, dynamics, evolution, development, and complexity (Bar-Yam 1997;
Garcia 2006). Physical, biological, social, cultural, economic, and political compo-
nents interact and provide feedback at different rates and intensities across different
spatial and temporal scales, thus, they undergo non-linear, unpredictable changes
and self-organize after disturbance events (Liu et al. 2007).

Understanding the connectedness between humans and nature necessarily
requires inter- and transdisciplinary efforts and frameworks, including scholarly



1 Introduction: International Network for the Sustainability... 9

expertise from the natural and social sciences, and platforms of communication,
negotiation, and decision-making that facilitate the formation of learning communi-
ties (similarly to Davidson-Hunt and O’Flaherty 2007; Bautista et al. 2017). The
purpose of such learning communities is the sharing of scientific, local, indigenous,
and technical knowledge, and ethics, wisdom, and worldviews, to ensure equal dia-
logue among all involved stakeholders. Utilizing and simultaneously protecting the
wealth of natural resources and ecosystem goods and services upon which humanity
depends calls for novel, holistic, transboundary designs, analysis, and knowledge
co-production (Daily 1997; MEA 2005; Chapin III et al. 2009b). This integrated
approach is fundamental for co-management, collaborative governance, and adaptive
policy development (Bautista et al. 2017).

With this perspective, in 2002, a global multidisciplinary think tank of dryland
specialists developed the Drylands Development Paradigm (DDP) (Stafford Smith
and Reynolds 2002; Reynolds et al. 2007). The DDP is an integrative framework for
the analysis, restoration, mitigation, and/or prevention of dryland SES as affected by
degradation and/or desertification (Reynolds et al. 2007) and for policy development.
The DDP is based on complex adaptive systems theory (CAS) (Ashby 1962; von
Bertalanffy 1968), in that systems consist of interconnected elements conferring a
particular structure following the underlying rules of the specific purpose or function
of a system (Meadows 2008). Elements and processes may change at different rates,
either “slow” or “fast,” and at and across different spatial and/or temporal scales. The
CAS has three key properties: (1) order is emergent not pre-determined, where the
system adjusts and self-organizes after disturbance events; (2) historic impacts are
irreversible in that current dynamics are linked to and influenced by past events
(legacy effects); (3) based on (1) and (2) the future of CAS is unpredictable and the
past lays the foundation for future changes (Chapin III et al. 2009a; Curtin 2015).

When studying SES, we need to ask the questions what causes overall system
dynamics, internal connectedness, SES contexts and feedbacks of system compo-
nents in response to internal and external long-term drivers (e.g., climate change,
human population growth), stressors (e.g., mega-drought, emigration, fluctuations
in markets or commodity prices, policy change), or pulsed trigger events (e.g.,
extreme weather or natural hazards, sudden access to electricity, communication
technology), and how do system elements (resources, species, social actors) dis-
perse, migrate, or interact across socio-ecological systems (Biggs et al. 2012). Do
the variables and processes change slowly or rapidly and are they connected to the
dynamics of events occurring at other times or places (Folke et al. 2009)?

For relevant research questions, clear understanding is required of the spatial and
temporal dimensions of connectivity in SES. This implies understanding the con-
nections between landscape units, habitats, species, social groupings, generations,
knowledge types, institutions, and policies, among others (Biggs et al. 2015).
Comprehending the functional integrity of SES as CAS is daunting yet crucially
important, as the younger generations’ tolerance to and perception of environmental
degradation is changing such that the threshold of acceptance of environmental con-
dition is declining, a psychological and sociological phenomenon laconically coined
shifting baseline syndrome (SBS) (Pauli 1985). Hence, understanding SES dynam-
ics and the degree of land degradation and potential human’s preventive, reactive,
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proactive, mitigating, and/or adaptive responses requires a multi-criteria assessment
in different contexts (Ocampo-Melgar et al. 2017).

When SES are managed, restored, or protected, necessarily through the lens of
CAS theory, they will not remain or can be maintained at a mature or desirable state,
respectively, but rather undergo adaptive cycles (Gunderson and Holling 2002).
Complex systems may organize around one of several stable states within a desir-
able (from a stakeholder perspective) regime of the system. Thus, rather than focus-
ing on detailed characteristics of one stable state, one may want to understand the
internal and external drivers that cause the transition to alternative states and how
systems elements reorganize without losing the underlying interconnectedness,
structure, function, and feedback responses of the system, thus maintaining its resil-
ience (Westoby et al. 1989; Scheffer and Carpenter 2003).

In Holling’s adaptive cycle, the systems once fully developed are commonly held
in the so-called conservation phase (Walker and Salt 2006). Humans tend to inter-
fere in the adaptive cycle and frequently prolong this phase. For instance, by maxi-
mizing the production of a single ecosystem service, for example, forage production,
water extraction, and so on, thereby eliminating unnecessary system variability and
redundancy. However, this comes at the cost of eradicating high levels of diversity
including biotic (species and functional groups, ecosystem service bundles), cul-
tural (flexibility to adapt and adopt new livelihoods, high adaptive capacity related
to local knowledge), and social diversity (institutional organizations, social net-
works, social memory, adaptive local governance systems). This diversity is needed
as it confers insurance and buffer against unpredictable future changes (e.g., pro-
longed drought, fire, diseases, pests, drop in prices of commodities, new legisla-
tion). Similarly, we may want to ask do high levels of response diversity also provide
systems with a potentially broad adaptive capacity to reorganize once a system has
collapsed and shifted from the conservation to the release phase. How do SES reor-
ganize, after they have lost the internal connectedness and release all resources,
energy, and/or information itself?

Acknowledging and eventually managing the cyclic behavior of SES requires the
incorporation of different sources of knowledge. The trajectory of system develop-
ment follows both the system’s memory and the current social-ecological context
and conditions, thus conferring new ecological and/or social opportunities character-
izing a certain system state within the desired regime (Huber-Sannwald et al. 2012).
Lack of ability to respond to or recover after a system has collapsed may trigger the
crossing of a threshold (biophysical or socio-economic) or tipping point (social, eco-
logical, or socio-ecological (Milkoreit et al. 2017), and the shift into a new (albeit
less desirable) regime. A system’s capacity to build and maintain resilience and to
re(self)-organize after a shock or severe disturbance event is critical, whether exter-
nal, internal, or interacting drivers induce system change. Since the 1950s, in the
time of Great Acceleration (Steffen et al. 2007), this may occur more rapidly, unpre-
dictably, or irreversibly (global population growth, local and regional migration, land
use change, soil erosion), directionally (loss of vegetation cover, change in species
composition, climate warming, exploitation of aquifers, fisheries) (Steffen et al. 2015),
or as an emerging phenomenon (loss of system resilience, landscape dysfunction,
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impoverishment of local traditional knowledge by introduction of information
technology, migration, land degradation, desertification). Therefore, due to the com-
plexity of SES, monitoring, tracing, and evaluating socio-ecological system change
require multiple disciplines, expertise, knowledge systems, concepts, methodolo-
gies, frameworks, novel platforms, newly emerging sciences, thus fundamental
approaches to do dryland system science achieve the stewardship of future drylands
and the sustainable development goals (see Table 1.1).

RISZA and the Conceptual/Operational Model

InMarch 2017, the International Network for Drylands Sustainability/Red Internacional
para la Sostenibilidad de las Zonas Aridas (RISZA) (www.risza.com.mx) was launched
by the Instituto Potosino de Investigacion Cientifica y Tecnolégica (IPICYT) in San
Luis Potosi, Mexico, with financial support from the National Council of Science and
Technology (CONACYT by its Spanish acronym). The aim of RISZA is to generate
and foster research, development, and innovation in partnership at the national level
linked to the tripartite alliance between Latin America, Africa, and Europe (see Chap.
13/Agadir Platform), with a strong regional, inter-sectoral emphasis.

RISZA aims to guide and facilitate transdisciplinary and participatory research
including academics, governmental and non-governmental organizations, civil soci-
eties, local stakeholders, and policy-makers, to foster collective knowledge produc-
tion, iterative system monitoring and (re) evaluation, and capacity building in
dryland stewardship at all levels. The principal research goal is to contribute to
accomplish the SDGs in Mexican drylands in synergistic ways, drawing on exper-
tise from other countries of the Platform of Agadir. As a ratifying country, Mexico
needs to comply with each of the SDGs and their associated targets. Pre-established
global indicators and country-specific indicators serve to monitor each SDG. The
role of Mexico’s and global drylands in meeting the SDGs both as a national and a
global biome is poorly understood (for an exception, see FAO 2018). RISZA as part
of the Agadir Platform will contribute with knowledge, technology, and innovation
to meet these goals, in particular to the SDGs 13, 14, 15, and 17.

As a product of the inaugural RISZA participatory planning meeting in May
2017, a transdisciplinary group consisting of 80 people co-designed a comprehen-
sive framework consisting of four dimensions: philosophies, study objects, actions,
and long-term goals (Fig. 1.1). The framework is also a network, with the four
dimensions representing nodes and the participatory or collective nature of the
network representing the links, the blue line meaning water (a crucial determinant
of drylands) as a transversal main focal point. This framework is flexible and open
for feedback and adjustment; its emphasis lies on establishing the basis for inter-
and transdisciplinary collaborations in national and international drylands with a
current emphasis on Latin America, North Africa, and Southern Europe. It is also
necessary to motivate the dialogue and co-production of knowledge by different
actors (i.e., academia, government, private sector, civil societies, local communities,
indigenous groups).


http://www.risza.com.mx

12 E. Huber-Sannwald et al.

Biocultural practices
Political Ecology

Innovation

", Repercussions

Participative research ;
Complex systems

International and
national coexistence

| Conceptual maps
 (interdisciplinary research
% and teaching)

Actions

RISZA

Fig.1.1 Conceptual and operational framework of the International Network for the Sustainability
of Drylands (RISZA—the Spanish acronym)

Part I: Drylands and Socio-Ecological Systems

Places, territories, landscapes, and/or ecosystems where people live and depend on
natural resources and regulating forces have been described as social-ecological
systems (SES). For this reason, the central study units for RISZA are SES, as people
associate important values to these services, many represented by the 17 sustainable
development goals (SDGs). When land conditions change caused by external or
internal drivers, the quality and quantity of these services change as well.

For example, dryland degradation is advancing rapidly (Safriel et al. 2005;
Safriel 2017) affecting the productivity and the functioning of inland and coastal
ecosystems. Loss of biotic and cultural diversity, and climate change and socio-
economic changes related to globalization enhance the effect of land degradation,
thereby eliminating the inherent buffer characteristics that allow SES to resist, miti-
gate, or adapt to these adverse effects. Biodiversity and cultural diversity are directly
related; cultural diversity includes genetic, linguistic, and cognitive diversity and
thus has tangible and intangible assets. Cultural diversity often originates from the
biotic diversity regularly in places inhabited by indigenous or rural communities
(Toledo and Barrera-Bassols 2008). Furthermore, beyond a direct relationship the
concept of biocultural eliminates the dichotomy and describes objects like animals,
plants, rivers, or mountains as having a corresponding linguistic expression, charged
with identity and individual or collective memory, sacred meaning, or ritual impor-
tance (Boege 2008).

Therefore, the interactions between humans and the environment are highly
complex resulting from various interrelated factors. Research has demonstrated a
broad transcultural variability in the environmental consequences of human behav-
ior (Oviedo et al. 2000). In addition to the employment of SES as a study object and
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framework, political ecology research has analyzed the different actions and
perceptions that social actors have and their relations of dependence and influence
with their environment, together with the understanding of what causes such
interrelationships (Robbins 2012). Thus, the emphasis is placed on the relationship
of environmental, ideological, social, economic, and political aspects on each par-
ticular spatiotemporal context while articulating their local, regional, and global
components (Greenberg and Park 1994). In both approaches, for research to have
real repercussions in the objectives of sustainable development, an emphasis is
placed on the importance of the role of institutions and social organizations in envi-
ronmental contexts, where the individual and social diversity must be considered
and the power relationships understood through governance studies.

Dryland socio-ecological, biocultural systems, and sustainable land management
practices are affected by global socio-environmental change (i.e., land use change,
climate change, diversity loss, livestock grazing, mining, migration, among others).
Understanding specific historical, socio-cultural, socio-economic, and socio-political
contexts will allow interregional, intercultural, and inter-policy comparisons among
similar dryland SES and their divergent responses to global environmental change
drivers. For RISZA we adopt the drylands development paradigm (Reynolds et al.
2007), as it considers the complexity, diversity, and uncertainty as inherent properties
of dryland SES, as well as different system components, slow variables, cross-scale
linkages, and diverse knowledge systems both as scientific and operational frame-
work (Reynolds et al. 2007; Stringer et al. 2017).

Part II: Transdisciplinarity in Drylands

Participatory research originated in the 1970s in Latin America as part of social
movements and processes of policy transformations related to social and education
planning (Freire 1970). New research approaches with active democratic participa-
tion of the population via participatory mechanisms were proposed to plan and
execute new education and development projects (Durston and Miranda 2002), as
well as research efforts for conservation aims (Newing et al. 2011). Participatory
research requires the fulfillment of a series of operational procedures to acquire use-
ful knowledge and to eventually induce change in a situation or system. Many dif-
ferent methods have been efficiently used, the most common being action research
(Whyte 1989), participatory rural appraisal (Chambers 1983), participatory map-
ping (Chapin et al. 2005), and participatory workshops and monitoring (Knapp
etal. 2011). Due to its participatory nature, dialogue development among participat-
ing actors leads to the co-production of knowledge, allows the systematization of
experiences, collective wisdom, and local knowledge (Ander-Egg 1990), and gener-
ates confidence among participants. All of these components are essential in posi-
tive governance (Schuttenberg and Guth 2015).

Problem solving inherently is multi, inter, or transdisciplinarity, requiring neces-
sarily participatory research, because it involves collaboration among different
stakeholders and is based on the generation of knowledge that emerges and extends
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beyond the limits of single scientific disciplines. It starts from the premise that
knowledge is constantly developing by weaving scientific knowledge with empirical
observations, technical know-how, contemporary scientific facts, local and tradi-
tional knowledge, and ancestral wisdom. Bridging and connecting knowledge sys-
tems helps understand socio-ecological system dynamics, opens dialogue between
different cultures, mental models, institutions, actors, and their practices and
influences, and/or informs governance schemes and policies (Tengé et al. 2017;
Challenger et al. 2018). Co-production of knowledge opens new learning and teach-
ing opportunities (Gutiérrez Serrano 2016) and contributes to an ever-growing hori-
zontal learning community. The concept of transdisciplinarity originally stems from
the idea that thinking is a complex process including biological, cerebral, spiritual,
logical, linguistic, cultural, social, and historical processes, with emphasis on the
connections and communication between knowledge systems (Morin 1977; Garcia
2006; Castanares Maddox 2009; Diaz et al. 2015, 2018). Furthermore, it emerges
with the intention to not only systematically solve a problem, but to make research
and thus education more relevant to society (Kockelmans 1979).

Part I11: Interculturality in Drylands

The development of transdisciplinary and participatory research is based on continuous
knowledge development and dialogue as the basis to develop sustainable development
projects with direct participation of local actors. Multiple stakeholder collaborations
are fundamental for the co-production of useful knowledge production as different wis-
doms, disciplines, foci, and positions can be shared (Gutiérrez Serrano 2016). This
transdisciplinary academic context has strongly helped remove unequal power rela-
tions, which is the basis for interculturality (Alsina 2003), and thus generates friendly
intimate relations built on confidence and trust to their legitimacy (Coppock 2016).
Interculturality refers to the process of establishing equitable communication and inter-
action forms between people and groups with specific cultural identities, which stimu-
lates dialogue and integration between different cultures, knowledge, and worldviews
(Alsina 2003; Clark et al. 2016). The process of action through interculturality requires
not only a different type of knowledge, but also a novel process of knowledge creation.
It requires the creation of collective and participatory wisdom based on equal cognitive
and emotional exchanges, providing an emancipatory knowledge that goes beyond
colonialism to accomplish solidarity (Santos 2002).

While intercultural dialogues are not always exempt of conflict, strong emphasis
is given on mutual respect, horizontality in communication channels, equitable
access to information, and joint search for synergies (Alsina 2003). Thus, when
looking for engagement by a diverse group of stakeholders, emphasis needs to be
given on a diverse spectrum of values with potentially conflicting worldviews, and
on different knowledge systems, rules, and norms (Gorddard et al. 2016). This then
will guide management practices, power relations, skills, and preferences, which in
turn may dramatically influence the perception, definition, and stewardship of socio-
ecological systems (Davies et al. 2015). Therefore the diverse values, knowledge,
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and rules of multiple social actors influence the decision-making context and
together with the inherent complexity and interrelatedness of dryland SES compo-
nents, their feedbacks and non-linear responses to management and climate change
across different spatial and temporal scales may trigger uncertainty related to both
the vulnerability to increasing risks associated with climate change and the resil-
ience to the long-term provisioning of ecosystem services and human well-being.
These so-called wicked problems (a type III problem according to Rittel and
Webber 1973 cited in DeFries and Nagendra 2017) that RISZA will be tackling
have no clearly defined solutions, yet require continuous collective learning, inte-
grated collaborative institutional designs, and adaptive, iterative pathways, towards
finding solutions both at the management, policy, and governance level (Curtin
2015; DeFries and Nagendra 2017). Ultimately, to guarantee respectful exchange
among knowledge types and diverse cultures, RISZA commits to follow the estab-
lished ethical codes to protect human rights (see United Nations Rights of Indigenous
Peoples and the regulations of the WIPO “World Intellectual Property Organization™)
and to adopt the scheme of basic agreements on human studies established by the
Institutional Review Boards (IRBs) in the USA. It is important to note that transdis-
ciplinary and intercultural endeavors must require a commitment to true ethical
academic procedures where the individual becomes part of a research team and
considers the participation of all actors involved throughout all the project’s stages:
from the establishment of objectives to the final co-authorship of research results.

Part 1V: The Governance of Drylands

Drylands are the home for a large amalgamation of geological, biological, and cul-
tural diversity (Stafford Smith et al. 2009). For local populations, they consist of
meaningful places representing history, memory, and identity, where accumulated
experiences and knowledge are weaved into objects, songs, rituals, stories, and
other social practices (Martinez-Tagiiefia and Torres Cubillas 2018). The creation of
stable institutions with high institutional capacity implying clearly defined equita-
ble rules, and openness for shared learning as a basis for collective action related to
sustainable resource use is essential for the conservation of the biotic and cultural
diversity (Ostrom 2000). Hence, the study of governance is fundamental in order to
understand the processes of interaction between social actors involved in public
affairs that require decision-making and the formulation of public policies.
Governance is considered an emerging pattern of interaction among social actors,
their objectives, and the instruments used to direct socio-ecological processes within
a particular policy area (Kofinas 2009). The governance of complex systems is pro-
duced at various scales from local to global and by different sectors including civil,
public, and private (Rhodes 1997).

For fisheries, governance proposals have been suggested through the implemen-
tation of SES in order to evaluate their sustainability (Leslie et al. 2015). In defined
SES, like national protected areas or in specific environmental themes, governance
systems have been analyzed to assess their performance and relevance (Martinez
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and Espejel 2015; Martinez et al. 2015, 2016). In the context of SES in order to
maintain certain favorable stable states, it is important to form participatory inter-
and transdisciplinary partnerships, who do not only integrate the natural and social
sciences, but incorporate knowledge, needs, and interests of all stakeholders, which
then allows the co-production of knowledge, diagnostics, monitoring and evaluation
systems, and the development of public policies (Ostrom 2009). In Mexico, inven-
tories on biodiversity operated by CONABIO have generated novel forms of knowl-
edge generation through participatory monitoring (www.biodiversidad.gob.mx/
sistema_monitoreo), while at the Latin American level citizen observatories have
contributed to novel forms of knowledge production (www.desertificacién.gob.ar/).
In both examples, citizen involvement in knowledge production has transformed
attitudes and conferred good governance schemes related to nature, life quality, and
the implementation of good practices.

Governance schemes should be flexible and support innovation and risk-taking
in research. For instance, the creation of a cross-sectional innovation unit can bridge
the gap between public research and private sector initiatives directly engaged in
sustainable management and development of the drylands. Thus, RISZA considers
that alongside good governance, social innovation is crucial to achieve the sustain-
able development goals in drylands. Social innovation refers to novel solutions cre-
ated to solve social problems in a more efficient, effective, sustainable, and fair
manner than previous solutions, where the resulting aggregated value corresponds
to society at large rather than to a few individuals (Philis et al. 2008). Beyond ample
creativity, successful ideas for social innovation have originated from people’s
needs and dislocations, dissatisfactions, and blockages. And furthermore, from the
generation of new knowledge that opens the door to problem solving in innovative
ways (Mulgan 20006).

While certain governments have been reticent to invest in social innovation
because it entails risk of failure, innovation has a better chance of success when
users have choices and contracts for services reward outcomes achieved rather than
outputs or activities, or when there is some competition rather than a state monopoly
(Diaz Foncea et al. 2012). Other challenges for social innovation come from the
typical insights obtained from business innovation. Contrary to following typical
market structures these endeavors align with social organizations that have different
motives going further than material incentives to include political recognition and
support, voluntary labor, compassion, identity, autonomy, and care. According to
the authors’ experiences, social organizations tend to grow slower than private busi-
nesses, but they also tend to be more resilient. However, clearer metrics are needed
to understand social innovation since it is complicated to judge their success. Scale
or market share may matter little for a social innovation concerned with a very
intense but contained need. In some cases, participants’ lives are dramatically
improved by the act of collaboration (Mulgan 2006, also for an example, see http://
www.in-control.org.uk).

In drylands, it is important to document multiple innovation examples that have
been implemented to better manage natural resources like water, minerals, new
technology for pastoralism and ranching and agricultural practices, among others.
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Social technologies are looking to develop novel tools for diagnostic, monitoring,
evaluation, and transfer needed in order to have successful social innovation proj-
ects that provide potentially better management schemes and in particular deal with
water scarcity. It is important to mention the efforts made in the area of technology
for social businesses that promote rural development and in social entrepreneurship
that join a socio-ecological scope with an economic benefit based on local commu-
nities’ self-management (Navarro and Climent 2010).

In this book, a series of chapters retake the key concepts and pillars of the RISZA
conceptual framework explained throughout this introduction chapter. Examples of
innovative dryland policies and case studies in response to climate change and other
global change drivers, and collective thinking gave place to this compendium of
highly diverse experiences representing transdisciplinary efforts coauthored by a
total of over 80 co-authors from different sectors and organizations. It presents
novel ideas to solve the continuously evolving and challenging dryland problems of
the Global South.
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Chapter 2

Sustainable Development Goals
and Drylands: Addressing

the Interconnection

S. Lucatello and E. Huber-Sannwald

Abstract Sustainable dryland practices and drought risk management are the cen-
terpieces for sustainable management systems as well as measures to sustainable
land use, particularly resilience and ecosystem services. On the other hand, sustain-
able development goals (SDGs) and target 15.3 provide a general guidance for envi-
ronmental and socio-ecological dynamics for improving a better-coordinated
approach to land management, particularly in the case of drylands. During the
period 1998-2013, about one-fifth of the Earth’s land surface covered by vegetation
showed persistent and declining trends in productivity, particularly in the case of
Latin American countries. It is therefore key to reverse advanced stages of land
degradation by sustainable land management and improving lives and livelihoods of
millions of people currently under threat in the region. Paragraph 33 of the 2030
Agenda for Sustainable Development focuses on the linkage between sustainable
management of the planet’s natural resources and social and economic development
as well as on strengthening “cooperation on desertification, dust storms, land degra-
dation and drought” and promote resilience and disaster risk reduction.” In this
article, we explore the relation between SDGs and their interconnections with dry-
lands management. SDGs are considered a major instrument to combat desertifica-
tion, drought, and land degradation together with climate change and the loss of
biodiversity by combining and scaling up established socioeconomic principles and
practices to reach SDG target 15.3 and the objectives of UNCCD for land degrada-
tion neutrality (LDN).
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Introduction

International figures and literature on drylands converge on the fact that this
diverse biome complex covers approximately 40% of the world’s land area, and
supports two billion people, 90% of whom live in developing countries (UNCCD
2017; Cherlet et al. 2018). Though drylands are mostly prevalent in Africa and
Asia, Latin America dryland ecosystems also play an important role in providing
essential elements for livelihood development; however, maintaining land quality
is currently the single biggest challenge for long-term provision of dryland sys-
tems’ goods and services for human well-being both in rural and urban dryland
environments. Over the past three decades, urbanization in drylands has been
increasing at a similar rate as in other ecoregions of the world; it is predicted that
by 2025, 58% of the world population will be living in urbanized drylands (Balk
2008). Of the globally 1692 large cities, 35% (586) are situated in drylands
(Cherlet et al. 2018).

As previously mentioned in this book, increasing land degradation in drylands
poses one of the greatest challenges for land owners, producers, land managers,
land use planers, and policy makers, as land quality is at the interface of ecosystem
functioning and human security including access to clean water, air, food, energy as
the basic elements for livelihood development (UNCCD 2017). Hence, land degra-
dation may present serious threats and risks to communities and ecosystems.

Unsustainable practices of land and water use, together with climate change
impacts and climate variability, shape the long-term legacy of continuing drylands
degradation potentially triggering socio-ecological collapse expressed as a deserti-
fication process (UNCCD 1994). This is mostly accompanied by great damages to
the main regional biogeochemical cycles, altering biological diversity and produc-
tivity as well as curbing the ability of ecosystems to produce natural goods and
provide livelihoods to rural and urban communities.

Climate change is an amplifier of such dramatic changes and it is directly
affecting crop yields and agricultural systems among others. According to IPCC
(2015) estimates for the region, this is likely to worsen in the next three decades.
It is likely that climate change will affect grassland productivity by reducing it
between 50 and 80% in semi-arid and arid regions (IPCC 2015); climate sce-
narios forecast that high levels of desertification and soil salinization, and
increasing water stress, will occur in many parts of Latin America. Due to these
likely changes, increasing food prices together with rapidly increasing produc-
tion and transportation costs will have direct impacts on highly vulnerable popu-
lations, especially those who are exposed to extreme weather events, such as
mega-droughts or short-term floodings. Therefore, as drylands ecosystems are
highly diverse and provide all categories of ecosystem services, which benefit
local communities, they require increasingly adaptive management approaches
to deal with unpredictable system change. Besides they must be integrated in the
larger biophysical, socioeconomic, and institutional contexts considering multi-
functional landscapes, resilient local socio-ecological systems, land tenure, and
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the long-term productive potential of land resources including soils, water,
plants, animals, and microorganisms for the production of goods and services to
meet changing human needs without neglecting the long-term land potential
(WOCAT 2010).

Recent efforts have called for the need to scale up local sustainable land use
practices and local initiatives. These may eventually transform into larger scale inte-
grated multi-stakeholder assessments to reorient land degradation towards sustain-
able land management (Reed et al. 2015), with a focus on knowledge exchange and
a learning-centered participatory approach (Bautista et al. 2017) to build resilience
to sustain ecosystem services in dryland socio-ecological systems (Biggs et al.
2015). This approach prepares for adjusting to new rapidly changing environmental,
socioeconomic, and sociopolitical conditions.

However, as we already know, understanding the legacy of land degradation
has proven difficult and challenging as it results from complex interactions and
feedbacks of multiple exogenous and endogenous drivers undergoing change (Liu
et al. 2007; Huber-Sannwald et al. 2012) affecting a large number of ecological
and social properties in an unpredictable fashion (Reynolds et al. 2007). Hence,
identifying the appropriate restoration mechanisms to induce short-, mid-, and
long-term recovery of the biophysical and socioeconomic subsystem is often
hampered by contrasting value systems, world views, knowledge types, and insti-
tutional ruling systems (Berkes et al. 2006; Gorddard et al. 2016). As the empiri-
cal work led by the International Network for Sustainable Drylands (RISZA)
showed through several case studies and during international fora, it becomes
crucial to promote a transformative framework for action. This framework should
include from land degradation to sustainable land management considering mul-
tiple SDGs simultaneously including synergies and trade-offs among them
(Mainali et al. 2018) and the inclusion of multiple sectors, actors, and regions---
countries (Stafford Smith et al. 2017).

The sustainable management of drylands can also increase the potential of local,
regional, and global benefits of drylands that have not been fully utilized due to
weak public policies, market failures, gender inequalities, and mostly the lack of
integrated local policies that involve drylands communities (Stafford Smith et al.
2009). As a matter of fact, there is great concern in the Latin American region that
dryland ecosystems and populations face several risks and costs including land ten-
ure reforms, soil conflicts, variable weather and climate, the drain of “community
human capital,” and the fast speed of erosion of natural areas. Indigenous knowl-
edge and production methods are at risk too, being the regional host of 40% of the
international indigenous world heritage.

The IPCC SR15 (2015) urges for effective climate action through the formation
of novel partnerships of national and state governments and non-government sec-
tors, including academic institutions, civil societies, the private sector, indigenous
groups, and local communities. These types of partnerships have also been advo-
cated for the Sustainable Development Agenda of the United Nations (Sustainable
Development Goal 17, UN Agenda 2030). They aim to implement climate actions
(SDG 13) like combat desertification by achieving land degradation neutrality
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(Safriel 2017, SDG 15) and protect the biosphere’s terrestrial and marine biodi-
versity (SDG 15 and 14, respectively) as fundamental goals to eradicate poverty
(SDG 1). But it advocates also to achieve gender equality (SDG 5), food security
(SDG 2), health (SDG 3), economic prosperity (SDG 8), safe water, sanitation, and
drinking water quality/quantity (SDG 6), among others. Long-term mitigation
efforts to combat desertification and restore degraded drylands have rarely been
successful (Reynolds et al. 2007; Cherlet et al. 2018). Globally, these efforts have
been coordinated by the UNCCD, yet bottom-up governance and management
approaches are needed to achieve adaptive livelihoods that built on social and natu-
ral capital as the essential pillars of sustainable dryland life-supporting systems
(Chapin et al. 2009).

Addressing SDGs and Their Interconnection

The SDGs represent the most ambitious world development agenda in the history of
global environmental governance and global development promoted by the interna-
tional community; it comprises 17 goals and a large set of specific targets that
should be reached by 2030.

The agenda is part of a decade-long process of global development, which finds
its roots in previous attempts to address inequalities and foster social, economic,
and environmental welfare both with the Millennium Development Goals (MDGs)
and the United Nations Development Program (UNDP). In the case of the SDGs,
however, there is certainly a strong component towards environmental protection,
social and economic sustainability which is also part of international efforts dating
back to the Brundtland Report in the 1980s, the Rio Earth Summit and Rio+20 con-
ferences in 1992 and 2012, respectively. Broadly speaking, the SDGs are intended
to be a guideline for all governments (see Table 2.1). The goals reflect the three
pillars of sustainable development that are the environment, economy, and social
aspects. Some goals are in fact mainly socio-economic in character (e.g., goals 1, 4,
5, 8-11, 16, 17), while others focus clearly on the environment and the biophysical
system, where land quality and natural resources play a seminal role (e.g., goals 2,
3, 6, 7, 12-15). All goals include targets with clear interlinkages among SDGs;
however, they are designed to be both mutually inclusive and universal. Therefore,
the goals oriented towards socioeconomic and environmental aspects mutually
depend on each other. For example, environmental sustainability will depend on the
actions of climate change through both mitigation and adaptation at different levels
and including local governments, indigenous communities, cities but also other
actors who are involved in the SDGs fulfillment.

Please refer to the following table for better understanding of SDGs and their
function.
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Table 2.1 The UN Sustainable Development Goals for the period 2015-2030 (http://
sustainabledevelopment.un.org/focussdgs.html) related to ecosystem services and soil function
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Inclusion of the Sustainability Pillars into the SDGs and Their
Interconnection

Since international development agencies, international financial institutions, or
specialized agencies—such as the OECD—and the UN system launched global ini-
tiatives to foster SDGs, they face the dilemma of how to ensure the coherence of
development and development policies within the 2030 agenda.

The issue of political cohesion for development is a persistent problem that
affects the governance of development and the environment as well as its perfor-
mance (OECD 2019). The answer to this dilemma goes through different actions
that international organizations try to carry out together with the creation of institu-
tional mechanisms, accompanied by a battery of political declarations, local com-
mitments, and systems of monitoring, analysis, and reporting of results. All this
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focuses on both national and international political framework, coupled with the
necessary changes to local framework with the intention of doing “no harm” to the
country development and communities. In this sense, the experience of the member
countries of the OECD reminds us that there are no specific and miraculous prac-
tices for a country, but everything depends on the ways in which governments func-
tion and how they adopt public policy measures, institutional, administrative, among
others, to meet their development goals.

In general, as the OECD recalls, the main achievements when establishing these
cohesion mechanisms are limited to modest results such as the increase of sensitiv-
ity and interest to the problems of the global development agenda or to the creation
of institutional commitments by the government in turn (OECD 2019). According
to the global index of development commitments which is meant to track and moni-
tor progresses of the Development Assistance Committee (DAC) member countries,
they are very efficient when establishing solid cohesion policies on issues of secu-
rity, technology, environment, trade, and migration, among others (OECD 2019).
However, such results are not enough to ensure that a complex agenda such as the
SDGs may trigger a robust process of cohesion and comprehensive political cohe-
sion. Systemic and persistent difficulties in many countries to implement SDGs
actions continue to affect the understanding of the concept of sustainability and its
cohesion in different areas and thus its implementation. In the specific case of the
concept of sustainability, the following table shows how the three pillars of the con-
cept (economic, social, and environmental) are distributed in the current SDG
agenda.

Although the SDGs consider a balance of the pillars of sustainability, it is crucial
to undertake an analysis of how sustainability and its interconnections and implica-
tions are reflected in an agenda where diverse stakeholders from different levels
(local, national, international) and inside and outside the government understand
and apply sustainability itself (ICFC 2017). One of the key challenges facing poli-
cymakers is to ensure an integrated approach by implementing the concept of sus-
tainable development. In this sense, a crucial error in this agenda is to think and
recognize that all countries accept and understand the SD as dogmatic and mono-
lithic. Reports such as Brundtland’s (1987) and others that were published later and
promoted by many multilateral institutions constitute the basis of the current inter-
national architecture under which the narrative of sustainability has been built.

As demonstrated in several case studies at the global and local level, there are
countless visions about sustainable development and its understanding (Lucatello
and Vera 2016). Despite having more than three decades of narrative effervescence
about sustainability many public policy makers in the field of sustainable develop-
ment need information and analysis to know what kind of development they are
adopting, their inconsistencies, and how these could result from decisions in differ-
ent sectors to achieve the objectives of national political plans.

Therefore, it is essential to analyze how sustainability turns out to be the element
of cohesion for the SDG agenda. In this sense, some elements to consider for a more
detailed analysis of the “mainstreaming” of sustainability in the agenda include:
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(a) Roles and functions of the different actors that participate in the SDG agenda
at different levels (governments, organizations, private sector, and non-
governmental organizations), as well as the diverse sources of financing, public
and private, national and international, to achieve sustainable development
results.

(b) The policy of interconnections between the economic, social sectors, and envi-
ronmental areas, including identification of synergies, contradictions, and
exchanges, as well as the interactions between national and international poli-
cies (OECD 2019).

(c) Other local and contextual factors that help to understand the enablers (who can
contribute) and the deactivators (who hinder) of sustainable development at its
different levels.

To analyze the interconnections of SD and its relationship with the SDGs, we
recall that the 2030 Agenda and the SDGs represent an extensive and complex
“global development strategy.” SDGs are deeply intertwined with each other, and in
order to carry out such an ambitious agenda, different “multilevel” and multisec-
toral efforts are needed for a comprehensive application of the 17 SDGs. It also
requires guidance on strategic public policies and the identification of practical
tools at the level of governments and at the local level.

The new architecture of development, based on the SDGs, can have profound
implications for governments. The compliance of the 2030 Agenda at the local level
will also require avoiding the fragmentation of purposes and development objec-
tives. So far, the main problem we face is that we are just beginning to understand
how to interrelate the objectives within the SDG agenda. The mapping of intercon-
nections between objectives and goals and the analysis of social networks is a strat-
egy to investigate social structures with theories about networks among others
(Collste et al. 2017). The Department of Economic and Social Affairs (DESA) at the
UN uses this kind of analysis to map the interconnectedness between the 17 SDGs
and their 169 targets as it provides valuable information on the integration and
coherence of policies when applied in the national context.

However, there are no comprehensive studies on the same interrelationships.
Some materials produced by the International Council for Science (ICSU) are an
example of interactions within SDGs, but it is a work in progress and is not yet
available. The quantification of SDG interconnections is limited in the existing lit-
erature, although there are works on how to categorize the different types of inter-
relationships. Most of the existing works are limited to the study of the general
structure of the SDGs, on how they are interwoven through the identification of
interconnections in general, but the identification and quantification of these inter-
connections at the national level are still nil (OECD 2019).

The work of the OECD and the issue of coherence (and cohesion) of the SDGs in
terms of public policies is an important step forward in understanding the relation-
ship of the SDGs and their interrelation. Based on the work of the Institute for Global
Environmental Strategies (IGES, for its acronym in English), a project entitled
“Sustainable Development Goals, Targets and Indicators” was launched to present
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an integrated analytical framework on network analysis of SDG interconnections
between goals that are then applied to the analysis and visualization of inter-links
between objectives and goals. The following map shows an example of the degree of
interconnection between the different SDGs, based on the IGES study. As noted
above, although the SDGs and targets address specific issues related to sustainable
development, many of them are directly or indirectly related to each other.

In Fig. 2.1 each node indicates one sustainable development goal and each direct
link indicates the causal relationships between a pair of goals. The size and color of a
node indicate the number of links that a node has with others, that is, one goal with
another. The thickness of the connection lines indicates the intensity of the relationship
between goals. For example, measures that guarantee inclusive and quality education
(SDG 4, in red) can reinforce progress in many—if not all—SDGs (IGES 2017).

The causality and interrelationship can generate employment and promote eco-
nomic growth (SDG 8), help reduce poverty and increase access to food (SDG 1 and
SDG 2, respectively), contribute to improving health and well-being (SDG 3), and
reduce inequalities (SDG 10), to mention a few cases. On the other hand, measures
to promote access to food (SDG 2), water (SDG 6), and energy (SDG 7), for exam-
ple, if applied in an unsustainable manner, could be counterproductive in carrying
out actions of sustainable consumption and production (SDG 12), aggravating cli-
mate change (SDG 13), and endangering marine life (SDG 14), as well as life on
land (SDG 15).

In this way, the logic of the interconnection between goals allows maintaining a
sustainability mainstreaming exercise and always keeping in mind the degree of inter-
relation and cohesion of the SDGs when applying them. The focus of interconnection

Fig. 2.1 Grade of interconnection between SDGs (IGES 2017)



2 Sustainable Development Goals and Drylands: Addressing the Interconnection 35

analysis of the SDGs therefore emphasizes the interrelationships between the SDGs
and their goals and is a relevant exercise for understanding the complexity of the
development model.

In the case of the interlinkage between areas of importance to drylands develop-
ment, there is a special focus on SDG target 15.3 which states that: “By 2030, com-
bat desertification, restore degraded land and soil, including land affected by
desertification, drought and floods, and strive to achieve a land degradation neutral
world.” As widely acknowledged, SDG target 15.3 sets out a new global ambition
never posed before: to achieve land degradation neutrality (LDN) by the year 2030.
LDN has been defined by the Parties to the Convention as: “A state whereby the
amount and quality of land resources, necessary to support ecosystem functions and
services and enhance food security, remains stable or increases within specified
temporal and spatial scales and ecosystems” (Decision 3/COP.12, UNCCD 2015).
The goal is maintaining or enhancing the conservation of natural capital stocks
associated with land resources and ecosystem services that come from them.

It is worth reminding that the concept of “zero net land degradation™ was pro-
posed at the 2012 UN Conference on Sustainable Development (Rio+20). This was
reformulated as “strive to achieve a land degradation neutral world” in the final
outcome document, The Future We Want, and subsequently adopted by the United
Nations General Assembly as part of the sustainable development goals (SDGs),
specifically SDG target 15.3 (IGES 2017).

The objectives of LDN are defined as:

* Improve the sustainable delivery of ecosystem services;

e Maintain productivity to foster food security;

* Increase resilience of the land and populations;

e Establish synergies with other social, economic, and environmental SDGs
objectives;

* Promote responsible and inclusive land governance.

Thus far, more than 100 countries worldwide have begun to pursue LDN target
programs in different ways. LDN represents therefore a paradigm that may shift
land management policies and practices in favor of reducing loss of productive land
with recovery of degraded areas. However, the implementation of LDN requires
multi-stakeholder engagement and planning across scales and sectors, supported by
national-scale coordination that should work with and incorporate existing local and
regional governance structures (UNDP 2017).

Through LDN, SDG target 15.3 could better link sustainable livelihoods in the
context of SDG 1 (End poverty in all its forms everywhere); and Sustainable land
management policies and practices in the context of SDG 15, on Terrestrial
Ecosystems. Promoting SD in the drylands may also contribute to other SDGs, such
as:

SDG 2: Achieving food security
SDG 5: Gender equality and women empowerment
SDG 6: Sustainable water management
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SDG 10: Reducing inequity among countries
SDG 13: Combating climate change.

Considering that the relationship between sustainable land management, climate
change, water, food security, and other goals is a comprehensive effort to simultane-
ously meet different goals and targets, it remains to be seen what could be the degree
of linkages between drylands and other SDGs’ targets in order to promote a coher-
ent development policy for drylands.

SDGs and Drylands: An Overview

Drylands constitute a significant resource, both cross-cutting and critical for achiev-
ing the 2030 Agenda. The interlinkage between dryland development and the SDGs
is the already mentioned target 15.3 which states that: “By 2030, combat desertifica-
tion, restore degraded land and soil, including land affected by desertification,
drought and floods, and strive to achieve a land degradation neutral world” (Téth
et al. 2018). As widely acknowledged, SDG target 15.3 sets out a new global ambi-
tion never posed before: to achieve land degradation neutrality (LDN) by the year
2030. The goal is maintaining or enhancing the conservation of natural capital
stocks associated with land resources and ecosystem services. It is worth reminding
that the concept of “zero net land degradation” was proposed at the 2012 UN
Conference on Sustainable Development (Rio+20). This was reformulated as “strive
to achieve a land degradation neutral world” in the final outcome document entitled,
The Future We Want, and subsequently adopted by the UN General Assembly as
part of the sustainable development goals (SDGs). At the basis of the LDN concept
is the difference between two alternative phases of land degradation. One is the
ongoing process of degradation through an intense land use that reduces productiv-
ity within certain time, and the second one is at a state that can be already aban-
doned degraded land with a recovery potential (Safriel 2017).

If we take into account that the land degradation process induces a persistent
decline in productivity among other factors, it is crucial to promote and scale up a
sustained land management and monitoring system to reduce degradation and
increase restoration. In the case of drylands, it is therefore necessary to set a frame
with realistic milestones for LDN and SDGs in order to measure the improved condi-
tions for a better land management within different local contexts (Bouma 2019).
When wanting to adapt the sustainable development goals to drylands, this should be
done by considering the dryland syndrome (Reynolds et al. 2007; Stafford Smith
et al. 2009). These are causally linked climatic, edaphic, demographic, geographic
drivers that ultimately lead to a state of marginalization of dryland dwellers. Highly
variable, unpredictable climate and scarcity of soil resources permit only low
vegetation cover and patchy distribution of natural resources, which in turn inhibits
otherwise rapid human population growth and leads to a mobile lifestyle (e.g., pas-
toralism) in remote areas. The remoteness also considers markets, centers of political
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and economic decision-making, and centers of education and mental model develop-
ment (Stafford Smith and Cribb 2009). While the dryland social-ecological context
has contributed to the formation of distinct local/traditional knowledge systems and
world views by distinct social and cultural groups, their geographic isolation often
triggers an extremely high level of social uncertainty, and little possibility for a pros-
perous life, economic growth and/or development (Stafford Smith et al. 2009).
Furthermore, local particularities and differences often generate unstable and dis-
connected governance between the local, regional, national, and international levels.
Based on this syndrome Reynolds et al. (2007) proposed the drylands development
paradigm (DDP) a useful integrative analytical framework for SESs to assess, miti-
gate, and inhibit land degradation and desertification consisting of five principles:

1. Social-ecological systems (SESs) are highly coupled, co-adapted, and intercon-
nected and their dynamics can only be understood in a spatiotemporal context.

2. The underlying dynamics of SESs are controlled by a limited number of key
slow variables.

3. Crossing thresholds of these slow variables may move SES into different states
with similar structures and functions or into new regimes with changed struc-
tures and functions.

4. SESs are hierarchical, nested, and networked across multiple spatial and tempo-
ral scales.

5. Different knowledge systems including local environmental knowledge need to
be considered to allow functional coadaptation of SES.

To operationalize dryland development science in the context of the SDGS,
Stringer et al. (2017) propose to “upgrade” the DDP; they add three principles that
supposedly switch focus from research for development to research in
development:

Unpacking relationships and interactions in dryland systems and livelihood portfo-
lios can help to identify opportunities and risks for socio-technical innovation
and investment to adapt to multiple interacting drivers of change at different
spatial and temporal scales.

Traversing scales and sectors can improve co-creation, availability of and access to
options, shaped and owned by land users and other value chain actors. This
enables more contextual, people-centered focus in assessing risks, trade-offs,
and vulnerabilities, supporting sustainable, resilient, and efficient pro-poor value
chains. A networked approach to value chains can enable context-specific analysis
and facilitate more inclusive, participatory governance reform.

Sharing knowledge, learning, and experience to empower dryland communities,
researchers, policymakers, and other stakeholders is important to reduce trade-
offs and externalities, leverage no-regrets options, and avoid unintended
consequences. This is especially important in drylands where feedbacks, uncer-
tainties, and non-linearities characterize the system. Current knowledge is weak-
est in terms of understanding social processes such as social learning,
decision-making behavior, and power balances within coupled social-ecological



38 S. Lucatello and E. Huber-Sannwald

systems. As the DDP of Reynolds et al. (2007) advocates a robust empirical anal-
ysis of cutting edge dryland science and development, the added principles by
Stringer et al. (2017) can be used to advance sustainable drylands livelihoods in
the context of the 2030 Sustainable Development Goals.

Conclusions

With good policies and adequate support, the drylands can be productive, and the
livelihoods of dryland communities can be greatly improved with gains to the global
development agenda in terms of poverty alleviation, moving towards land degrada-
tion neutrality and mitigating and adapting to the effects of climate change. SDGs
and their interconnections is a trending topic and capitalizing on synergies between
them offers a number of potential advantages to achieve short-and long-term goals
within the broader drylands agenda. Such an interconnecting strategy may allow the
recognition of a variety of possibilities to reach trade-offs among goal 15 and its
targets but also it may allow to better integrate LDN into existing frameworks, such
as the ecosystem ones, the UNCCD, and others. However, there is a huge challenge
in terms of designing appropriate ways to address the interconnection of SDGs with
drylands at local level. A key challenge is to identify a strategy that may work
locally and find a balance that triggers governance mechanisms that can achieve the
SDGs targets as well as fostering the diverse environmental and social outcomes
from different drylands contexts.
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Chapter 3
Pastoralism and Achievement of the 2030

Agenda for Sustainable Development:
A Missing Piece of the Global Puzzle

Check for
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M. Niamir-Fuller and E. Huber-Sannwald

Abstract Integrity and productivity of ecosystem goods and services from range-
lands are critical to the livelihoods of over a billion people worldwide. Pastoralists
play a key role in the conservation and sustainable management of these important
life-support systems. Yet, an increasing number of environmental, socio-economic,
and political threats have jeopardized the integrity of rangelands and the security of
this livelihood type, and hence stewardship of global natural rangeland systems.
Sustainable pastoralism can synergistically link several sustainable development
goals (SDGQG) as they are critical to achieving food security, resilient local and
regional economies, cultural diversity, conservation and sustainable use of biologi-
cal diversity, carbon sequestration, land and water rehabilitation. Pastoralism has a
cross-cutting role for stewardship of drylands and natural rangelands while also
achieving the 2030 Agenda for Sustainable Development. We show how single-
sector economic development approaches of the past have led to loss of livelihoods,
increased inequality and land degradation for many pastoral communities in devel-
oping countries. How can the SDGs help induce more integrated approaches, and
what are the challenges and barriers to doing so? We also highlight recent tools and
approaches that can help, including the benefits of developing integrated indicators
for monitoring and measuring progress towards sustainable pastoralism.
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Introduction: Pastoralism, Natural Rangelands, and Benign
Neglect

Pastoralism has been practiced for millennia in the drylands, tundra, and alpine
regions of the world. As there are many different forms of pastoralism, so are there
many different definitions of it. The people who practice it rarely call themselves
pastoralist—they are herders, graziers, cowboys, shepherds, crianceros, livestock
farmers, and more. Up to now the term “pastoralist” has been used primarily in
francophone countries, but is gaining global recognition as a term to describe the
many varied forms of raising domesticated or semi-domesticated ruminant animals
on natural rangelands (Reid et al. 2008).

The definition of “rangelands” is also variable depending on the language and
culture of different countries. The term is more popular in North America and
Australia, whereas other regions use terms such as natural pasture, grassland,
savanna, veld, pampa, llanos, cerrado, campos, etc. The term is gaining global rec-
ognition to describe those lands on which the indigenous vegetation consists pre-
dominantly of grasses, grass-like plants, forbs, shrubs, or trees that are grazed or
have the potential to be grazed or browsed, and which are used as a natural ecosys-
tem for raising grazing livestock and wildlife (Allen et al. 2011). Rangelands pro-
vide a broad spectrum of ecosystem goods and services (Sala et al. 2017). They are
intricate social-ecological systems with a long history of co-adaptation with rumi-
nant animals. Pastoralist communities and their resource management strategies
have co-evolved with the inherently dynamic rangelands and their high spatial het-
erogeneity, biodiversity, and with climate-related spatial and temporal variability
(Little 1996).

Most researchers agree that the current extent of pastoralism and rangelands
has been globally underestimated. A recent report concluded that there is low
confidence in global statistics of rangelands and pastoralists because of the incom-
parability of different definitions and terminologies, whereas there is usually
higher confidence of such statistics at the local level where only one definition is
used (Johnsen et al. 2019). The population of pastoralists has been reported vary-
ing from 200 million to over 1 billion. The geographic extent of rangelands has
been reported varying from 18% to over 80% of the world’s land surface (Allen
etal. 2011).

The World Atlas of Desertification (WAD), third edition, is the most recent effort
to harmonize terminologies and statistics on rangelands and drylands. It estimates
that global rangeland area is 29 million km?, of which 63% are in drylands. It also
estimates that 18.5% of global rangelands, and 14% of rangelands in drylands are
experiencing a decrease in land productivity (Cherlet et al. 2018). Over the past
50 years, rangelands have been reduced in size and fragmented. This observation
comes from individual research sites rather than any global assessment. Reduction
and fragmentation has been noted especially as a result of expansion of rainfed
agriculture into local wetlands and other fertile spots of rangelands. Other causes
are the widespread use of irrigation and greenhouse technologies expanding
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croplands into drylands less suited to crops, mining exploration, fracking, infra-
structure for generation of renewable energy (wind and photovoltaic farms, large-
scale dams), urbanization, and expansion of state-protected areas. As a result, what
usable rangelands remain are considerably more arid and less productive than in the
past, but are expected to support the same or sometimes higher densities of livestock
with likely implications on the functional integrity and resilience of rangelands as
life-support systems. But the lack of consensus on the definition of “land degrada-
tion” and “desertification” continues to challenge estimates of this important param-
eter (Cherlet et al. 2018).

There are many myths and misunderstandings of pastoralism dating back to
colonial times, leading to deeply entrenched prejudices against them (Davis 2016).
Most developing country government policies in the past decades have promoted
the industrialization of agriculture. In the livestock sector, this usually meant giving
incentives, subsidies, and other support to the development of large-scale commer-
cial feedlots (Niamir-Fuller 2016). For instance, it is estimated that in 2012
Argentina, where grass-feed beef production has dominated for decades, 50% of
cattle production terminated in feedlot-type systems (Deblitz 2012). Smallholder
pastoralism was seen as outmoded and inefficient. Their lands were converted by
fiat to large-scale irrigation systems, national parks and reserves, or to rainfed agri-
culture as population of farmers increased. For example, the establishment of the
Park du W in Niger led to displacement, poverty, conflict, and radicalization among
pastoralists (Ben Hounet et al. 2016). Poverty among pastoralists also led them to
sedentarize. For example, in Kenya, pastoral areas have a poverty index twice the
national average and in Asia infant mortality rates in drylands are 50% above the
mean (McGahey et al. 2014). Between 1900 and 1990 the average livestock holding
per household in Karamoja (Uganda) decreased from 100 to 28 (Niamir-Fuller
1999). Poverty is driving millions of pastoralists out of their land and out of the
livestock sector, leaving many destitute, dependent on food aid, or joining the grow-
ing tide of international migrants. An estimated 30% of pastoralists have migrated
to cities and towns in Tanzania, and transhumance has almost completely disap-
peared in Tunisia (Niamir-Fuller and Turner 1999).

Privatization of rangelands, the blocking of traditional livestock migration routes,
and breakdown of common property systems of natural resources management have
been linked to increased land degradation (Swallow and Bromley 1991). Many coun-
tries do not adequately protect pastoral land tenure, and chronically underinvest in
these areas. What has been described as “benign neglect” (Swift 1993) led to an
unbalanced development scenario, where farmers were favored over pastoralists.
Recently however, there is growing recognition of the value of healthy rangelands
and sustainable pastoralism and their interdependency. Pastoralism has been shown
to produce from two to ten times more output per unit area than some of the alterna-
tive land uses that have been proposed as a replacement (McGahey et al. 2014).
Inherent variability of productivity of rangelands means that these areas have a cost—
benefit ratio that does not favor exclusionary, privatized investments (Dyson-Hudson
and Smith 1978). Variability is expected to increase in an unprecedented fashion due
to the high vulnerability of drylands to predicted climate change (Huang et al. 2017).
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Pastoral mobility (the movement or rotation of livestock over large areas) has been
shown to promote healthier ecosystems (McGahey et al. 2014), and greater wildlife
compatibility (Niamir-Fuller et al. 2012), and is better adjusted to the high levels of
climatic unpredictability in the drylands. Pastoralism is a natural adaptation to cli-
matically uncertain and variable environments, and generally more resilient and
adaptive than sedentary farming in drylands. For example, a study in Morocco pre-
dicts that mobile pastoralists will be barely affected by reduction in precipitation by
2050, while the income of sedentary pastoralists will fall by nearly 19% (Freier et al.
2014). Another study in the Limpopo Basin in South Africa concludes that pastoral-
ists will be more resilient to climate change than households that do not raise live-
stock (Shewmake 2008). Hence these traditional systems may be the best adaptation
pathways towards future climate change.

From Production Maximization to Integrated Development

Development approaches typically followed a command and control approach max-
imizing economic production and efficiency centered around a single ecosystem
good or service. Progress was measured in terms of production output (number of
livestock; kilograms of meat or milk). In theory, production maximization would
lead to higher and more reliable incomes and therefore greater development.
However, decades later we are seeing the adverse effects and socio-ecological costs
of such single-sector approaches.

Research on sedentarization (where pastoralists were forced or encouraged to
settle in villages to receive health and other services) shows livelihood vulnera-
bility and enhanced land degradation from sedentary grazing (Galaty et al. 1981).
For example, sedentarization and concentration of animals in the Ferlo of Senegal
resulted in overgrazing around settlements and waterholes, as well as degrada-
tion of distance pastures due to lower grazing (Niamir-Fuller 1997). The eco-
nomic benefits of conversion of riparian areas of rangelands into irrigation
schemes were often short-lived, and resulted in degradation of adjacent non-
riparian areas given that pastoralists no longer had access to high-quality natural
fodder (Hogg 1987).

Encouragement of confined livestock systems (smallholder or large holder)
through subsidies and technical support has also had negative impacts on the envi-
ronment. Today, 40% of all arable land is being used to produce animal feed for
intensive systems and the figure is rising. The impact of deforestation on the
Amazon and savannas of the world from conversion to the production of feed has
been well documented (Fearnside 2005). UNEP estimates that the cereals used to
produce feed for animals could instead feed 3.5 billion people. Fifty percent of
fertilizer applied to agricultural land, and 70% of herbicide used in agriculture are
attributed to animal feed production. In China, as much as 40% of the chemicals
are in excess and released to the environment, resulting in dead zones and marine
hypoxia (UNEP 2016).
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Tse-tse eradication programs and other veterinarian measures in Sub-Saharan
Africa were primarily aimed at allowing the adoption of non-native “improved”
livestock breeds and increasing the international trade of livestock. Such efforts
have had mixed success in reducing the disease burden or increasing productivity
and offtake (Roeder 1996). The construction of deep wells (known as “boreholes”)
in the Sahel in the 1970s and 1980s led to land degradation because it attracted far
more livestock to the water than the available rangeland fodder could handle, and
also to destruction of common property systems. At the root cause was the fact that
these water developments did not have local institutions in place to maintain and
manage them (Thébaud 1988). Many pastoralist communities are facing social and
cultural breakdown or have already disbanded. For example, there has been increas-
ing concentration of wealth in the hands of a few in Senegal (Sutter 1987) or in
Kenya (Little 1985). Such trends are also seen in the USA and Europe. In Romania
a fall in the number of small-scale family farms (and decrease in farms owned by
younger farmers) as well as a fall in national dairy cow numbers since 2009 was a
result of government policies that provided subsidies only for larger farms (Page
and Popa 2013). Rangeland degradation can occur not just from overgrazing but
also from insufficient grazing because of the grazing dependence of many range-
land ecosystems (Seligman and Perevolotsky 1994).

A single-sector approach to development cannot work in pastoral systems today
because as socio-ecological systems they require a multi-sectoral integrated approach.
It may work with farmers who have been subsidized over decades, and whose villages
and communities are still socially viable and robust, but not pastoralists who have been
neglected and whose governance and social systems have broken down, and who are
almost entirely dependent on naturally healthy rangelands that are degrading (Digard
et al. 1993). In the late 1970s and into the 1980s, there was a movement by donors to
finance “integrated rural development” approaches. This was due to the increasing
recognition that development cannot work in isolation—that projects must involve
more than one ministry, and must coordinate between each other. There was a call to go
away from sectoral approaches to spatially more integrated approaches (Niamir-Fuller
and Turner 1999). However, these early trials with integrated approaches largely failed,
for at least two reasons. Firstly, it proved extremely challenging for sectoral ministries
to coordinate with each other (Kamuzora and Franks 2001). There were no mecha-
nisms to address trade-offs and competition for financing and resources between the
sectors. Information was rarely shared across sectors, perhaps due to the competition,
but also probably due to the lack of effective communication tools. Secondly, such
projects and programs continued to maximize production and economic gain, and a
lack of performance in such indicators automatically meant failure.

In the early years of the twenty-first century, with the renewed attention to sus-
tainable development, different approaches have been proposed, including “com-
munity based natural resource management,” “sustainable livelihood approaches”
(Kamuzora and Franks 2001), “the landscape approach” (Scherr et al. 2013), and
“ecosystem stewardship” (Chapin et al. 2009). These approaches draw from a few
common lessons: to move from sectoral to multi-sectoral and spatial approaches; to
promote not just economic development but also social and cultural progress and
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ecological improvement; to build on local initiatives and solutions by adopting real
participation and to manage social and ecological properties in a system context,
while fostering variability and diversity.

Potential of SDGs to Achieve Sustainable Pastoralism

The most quoted definition of “sustainable development” first appeared in the
Brundtland Report (Brundtland Commission 1987). But it was not until 1992 when
the global community took practical steps towards its achievement. During the UN
Conference on Environment and Development (the Rio Summit) governments com-
mitted to negotiating global environmental goals on climate change, biodiversity
conservation, and combatting desertification. It took another 28 years for the sus-
tainable development goals to be adopted by 198 countries in 2015 as the opera-
tional part of the 2030 Agenda for Sustainable Development (UN 2015). It covers
17 major goals, 169 targets, and 232 indicators. The process of adoption of these
goals was an excellent example of how multi-sectoral dialogue can be promoted.
The package also shows how the complexity of issues today cannot be distilled into
three or four primary goals (as some politicians and pundits had wished for).
Although most of the 17 goals and 169 targets are focusing on one sector, many are
cross-cutting (e.g., inequality, capacity building), and the challenge is to target
synergies among several SDGs (Mainali et al. 2018).

SDG Strategy, Goals, and Targets

The preambular clause of the 2030 Agenda (paragraph 16) calls for integrated solu-
tions, and commits nations to a new approach to sustainable development, recogniz-
ing that eradicating poverty and inequality, preserving the planet, and creating
sustained and inclusive economic growth are linked and interdependent. But the
negotiations that led to the creation of the SDGs also highlighted some of the chal-
lenges, namely the difficulties in reconciling regional priorities and national sover-
eignty with a global consensus; the political sensitivity or skepticism of certain
concepts and issues such as inequality, climate change, ecosystem services, or gov-
ernance; and the aggregation and generalization of issues through diplomatic lan-
guage. The word “pastoralist” is only mentioned once in the SDGs, in connection
with promoting sustainable agriculture (Goal 2, Target 2.3). It took considerable
lobbying by many countries with large populations of pastoralists, and by civil soci-
ety, to succeed in gaining this recognition. The 2030 Agenda preambular clause
(paragraphs 18, 22, 23) especially singles out indigenous peoples, and for some
countries that includes pastoralists. The term “rangeland” is not mentioned explic-
itly but is expected to be included in the term “ecosystems.”

Sustainable pastoralism can potentially help achieve all SDG goals. But also
implementing the SDGs can help transform pastoralism towards sustainability,
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especially if pastoralists are not forgotten or ignored. Below we give examples of
this codependent process, which are elaborated further in Fig. 3.1. An examination
of the innovative solutions shows that with a few exceptions, each can achieve more
than one SDG target.

Sustainable pastoralism can promote healthier rangelands and help achieve
Targets 15.2 (degraded forests), Target 15.3 (degraded lands), Target 15.4 (moun-
tains), Target 15.5 (natural habitats and biodiversity), and Target 15.8 (invasive spe-
cies). After decades of promoting sedentarization and privatization of common lands,
some governments are recognizing the importance of animal mobility for maintain-
ing ecosystem functions, higher biological diversity, lower incidence of invasive
alien species, and stronger compatibility with wildlife. An FAO study reports that
livestock grazing is frequently used to promote ecosystems services in protected
areas (FAO 2014). Socio-cultural rules and regulations for such mobility (e.g., trans-
humance between summer and winter pastures) are being recognized legally in
some countries, for example, the Spanish Cafada (Jefatura del Estado 1995), and
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transhumance routes held in trust for pastoralists in Senegal’s Férlo (Ly and
Niamir-Fuller 2005).

Goal 2 calls for promoting sustainable agriculture. Increasing the sustainability
of livestock production through pastoral mobility, improvement of degraded natural
rangelands, rebalancing of incentives and subsidies to support sustainable livestock
production, and reducing the environmental impacts of confined livestock systems
can substantially reduce the negative footprint of the livestock sector. It can also
make pastoral organic products more competitive in national, regional, and global
markets, thus helping many countries to achieve Target 17.11 (to double the least
developing countries’ share of global exports by 2020).

There are many countries where pastoral production is a major share of the
national GDP. For example, the share of livestock in agricultural GDP is above 50%
in Mauritania, Kenya, and Kazakhstan, and well above 80% in Mongolia.! Livestock
constituted 40% of global agricultural GDP between 2005 and 2014 (ILRI 2018).
Goal 8, Target 8.1 calls for countries to sustain GDP per annum growth at 7% or
more. Such countries cannot afford to ignore their pastoral populations.

Goal 10, Target 10.7 while focusing on migration issues does include the term
“mobility of people” which some have interpreted to include mobility of pastoralists
within country and internationally. For example, FAO calls for enacting migration
policies that “takes into account people moving with their animals” (FAO 2018).
Economic Community of West African States (ECOWAS) has established
International Transhumance Certificates to improve the security of transboundary
movement of pastoralists (ECOWAS 2017).

Other SDG targets offer indirect guidance. For example, Target 8.2 calls for
achieving higher levels of economic productivity through diversification, “par-
ticularly in high-value added and labor-intensive sectors.” Pastoralism is thought
to benefit around 1.3 billion people along the value chain worldwide (Ouedraogo
and Davies 2016). Countries that seriously implement the SDGs will have to give
equal attention to farmers as to pastoralists, fisherfolks, and other land users
(Target 2.3). Furthermore, countries are committed to better disaggregation—
whether in their statistics (specifically showing pastoralists as a group) or in their
policies (specifically monitoring the impacts on pastoralists).

SDG Indicators

Monitoring is a very important tool, not only for providing feedback on the impact
of actions and for understanding temporal dynamics of system change, but more
significantly, for focusing attention on an issue. Ensuring that indicators are appro-
priately disaggregated can encourage (even require) governments to pay attention to

'Data extracted and analyzed from FAO Stats (2016). www.fao.org/faostat.
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pastoral needs. The majority of SDG indicators are single-sector or single-variable
and therefore incapable of substantially measuring an integrated implementation of
the SDGs. Furthermore, among the 232 SDG indicators officially adopted in 2016
only 7% can be said to be relevant to pastoralists and rangelands (Table 2.1).
However, of note is that indicator 17.18.1 encourages countries to develop new and
disaggregated indicators.

Most of the indicators do not explicitly ask for disaggregation of livelihood sys-
tems. As examples, the indicator for the target on sustainable agriculture (2.4.1. land
area under sustainable agriculture), the indicator for the target on reducing land
degradation (15.3.1 proportion of degraded land), or the indicator for universal
access to safe drinking water (6.1.1) does not require data specifically on pastoral-
ists unless governments make a concerted effort to separate out the statistics between
farmers and pastoralists. Other indicators do not fully address the targets they are
aimed at. For example, Target 2.a calls for investment in extension services and
specifically mentions livestock gene banks, whereas its two indicators only measure
financial flows to the agricultural sector as a whole.

Some indicators will likely bypass pastoralists and other rural populations. For
example, the indicator for the target on increasing knowledge of sustainability
(Target 4.7) focuses only on formal education, whereas pastoralists and farmers
would benefit the most from other types of knowledge, including valuation of local
and indigenous knowledge and technology (LITK).

Some indicators fail to leverage the value of pastoralism. For example, the indi-
cator for the target on sustainable consumption and production (8.4.1 material foot-
print of GDP) would only be relevant if the GDP index itself were to adequately
value the contributions of pastoralism to GDP. The indicator for the target on trans-
border sustainable infrastructure (9.1.1 population living within 2 km of an all
weather road) is inadequate to capture the benefits and values of pastoral mobility
and need for sustainable water, veterinary services, markets, and other infrastructure
along transhumance routes. The indicators for Goal 13 (climate change) refer only
to mainstreaming of climate change into government planning, which is inadequate
for valuation of the benefits of sustainable rangelands for sequestration of carbon
and as carbon sinks, nor does it value the benefits of pastoralism for adaptation to
climate variability or for mitigation of climate change.

Finally, some indicators may perpetuate ongoing discrimination, marginaliza-
tion, and victimization of pastoralists. For example, the indicator for the target on
promoting equal access to the rule of law (16.3.1 reports of victimization) does not
necessarily assist pastoralists in situations where the existing justice system is heav-
ily weighted against them.

Table 3.1 suggests that the subset of directly relevant SDG indicators (those rated
as high to medium relevance) could be measured in a way that addresses sustainable
pastoralism and rangelands, but in many countries this would require policy changes
(e.g., statutory recognition of common property tenure), statistical disaggregation of
existing data, and investment in collective data collection among pastoralists and
specifically in rangelands.
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Table 3.1 Monitoring challenges of pastoralist socio-ecological systems for selected SDG
indicators (high to medium relevance)

SDG target

SDG indicator

Monitoring challenges

1.1 Eliminate extreme
poverty

1.1.1 Population (by
employment status and urban
or rural)

Disaggregate “rural” population into
livelihood type (pastoralists, farmer,
fisher, etc.)

1.4 Equal rights to
economic resources

1.4.1 Access to basic services
1.4.2 Adult population with
secure land rights ... by type of
tenure

Disaggregate data by livelihood type
Full recognition of different land
tenure systems, including common
property

2.3 Small scale
producers

2.3.1 Production per labor unit
by pastoral enterprise size
2.3.2 Income by indigenous
status

Definition of “pastoral enterprise
size” (by number of livestock? Area
of rangeland?)

Some pastoralists are not considered
indigenous

2.4 Sustainable
agriculture

2.4.1 Area under sustainable
agriculture

Data collection among pastoralists
and on rangelands

2.5 Genetic diversity of
domesticated animals
and intellectual property
rights

2.5.1 Risk level of local breeds

Participation of pastoral herders in
assessing risk levels of local breeds

4.5 Gender disparity

4.5.1 Parity indices highly
disaggregated

Data collection and assessment
among women pastoralists

5.2 Violence against
women

5.2.2 Proportion of women and
girls subjected to sexual
violence, by place of
occurrence

Disaggregation of data; collection,
analysis, and transparent
information dissemination of data
on women pastoralists in conflict
zones

5.a Equal rights to
economic resources

5.a.1 Share of women among
right-bearers of agricultural
land, by type of tenure

5.a.2 Proportion of countries
where law guarantees women’s
equal rights to land

Cultural challenges for inheritance
by women

Full recognition of common
property tenure

Respecting role of women
pastoralists in women-headed
households

6.3 Eliminate waste
dumping

6.3.2 Proportion of bodies of
water with good ambient water
quality (not disaggregated)

Disaggregation of data between
rangelands and landscapes of other
ecosystem types

6.6 Protect water
ecosystems

6.6.1 Change in the extent of
water-related ecosystems over
time (not disaggregated)

Disaggregation of data between
rangelands and landscapes of other
ecosystem types

8.10 Financial services
to all

8.10.2 Population with account
at a bank or mobile money
service provider

Data collection and disaggregation
among all especially including
remote pastoral populations

13.1 Resilience and
adaptive capacity

13.1.1 Number of affected
people attributed to a disaster

Disaggregation and collection of
data among all including remote and
mobile pastoralists

15.5 Natural habitats
and biodiversity

15.5.1 Red list index

Identification of red list species in
particular in dryland rangelands

(continued)
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Table 3.1 (continued)

SDG target SDG indicator Monitoring challenges

17.18 Disaggregate data | 17.18.1 Proportion of Comparability of indicators across
by ethnicity, migratory | sustainable development nations and aggregation of

status, geographic indicators produced at national |information at global level
location level with full disaggregation

Challenges and Way Forward

The SDGs offer an ambitious and innovative template for development particularly
for drylands. However, simply mentioning “pastoralist” in the SDGs does not mean
that development will flow to them and that the rangelands will continue delivering
ecosystem goods and services. The Millennium Development Goals (MDG) did
little to achieve sustainable development among pastoralists (WISP 2006), and the
SDGs run the same risk. Rangelands and pastoralists are a very significant section
of both terrestrial ecosystems and global population. By not addressing their needs,
the SDGs are missing a very large piece of the global puzzle.

A major problem is how policies have largely failed to disaggregate “the live-
stock sector.” In so doing, policies have focused on intensification of the sector
(confined large-scale systems, feed production), rather than supporting the diverse
nature-based smallholder systems. The way most countries subsidize their livestock
sector helps the intensive sector to the detriment of the nature-based systems. The
popular opinion against meat consumption fails to distinguish the positive benefits
of nature-based rangeland ecosystems and smallholder pastoralism from the nega-
tive effects of intensive, confined large-scale livestock systems.

Researchers have also failed to focus on rangelands and pastoralism as socio-
ecological systems, with only 0.1% of all research publications in SCOPUS since
the year 2000 being on rangelands and/or pastoralists—although the trend is increas-
ing (Johnsen et al. 2019). Another problem is that the SDGs largely evade the ques-
tion of the informal economy—and pastoralists make up a large part of that economy
in many countries (McGahey et al. 2014). Despite many arguments to recognize the
informal economy, the final compromise on the SDGs focused on language that
refers primarily to formal employment (for example, see Goal 8). The general lack
of relevance of many of the targets and indicators of the SDGs, and the lack of dis-
aggregation of data for monitoring the SDG indicators may mean that pastoralists,
their culturally rich livelihoods, and their fundamental role as rangeland stewards
and thus managers of ecosystem goods and services to millions of people will once
again be left behind. However, the SDGs demand that new and better national indi-
cators be developed (indicator 17.18.1 specifically calls for this), and therefore,
efforts must be strengthened to develop indicators that are relevant to pastoralists
and rangelands in the appropriate socio-cultural and political contexts.

Past experience with implementing integrated approaches needs to be studied
carefully. For example, not enough attention has been given to addressing the root
causes of an issue, and most projects focus only on the symptoms. This is largely
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because donors want quick fixes and visible gains in a short period of time. The
Global Environment Facility (GEF) was among the early efforts to focus on root
causes, and according to its most recent independent evaluation, it has been fairly
successful (IEO 2018). Most integrated efforts continue to have one dominant sec-
tor and several subsectors; they lack both designers and implementers who can
think integrally and laterally and transdisciplinary partnerships, which consider a
broad spectrum of knowledge systems and world-views, and co-generate useful
knowledge in participatory settings. The recent advances in “nexus” approaches
provide a way to encourage collaboration and integration among a few sectors on an
equal footing, such as combining the goals of Zero Hunger (SDG 1), Clean Water
and Sanitation (SDG 6), and Affordable and Clean Energy (SDG 7) (NRDP 2019).
Such efforts would benefit from new integrated tools. Multi-criteria and trade-off
analysis are receiving growing attention for their ability to reconcile differences and
contradictions between the aims and actions of different sectors. Integrated participa-
tory assessments of projects (before during and after) can also make an impact at the
project level. The FAO Voluntary Guidelines on Governance of Tenure: Improving
Governance of Pastoral Lands (Davies et al. 2016) is an important policy document
providing a checklist of do’s and don’ts in relation to land use and security of tenure.
These tools should be very helpful in encouraging ministers and different sectors and
actors to work together and form continuing learning communities. Furthermore,
there is insufficient attention given to the underlying politics and power relations
among local stakeholders. Evidence shows that the introduction of “group ranches”
in Kenya resulted in greater inequality among pastoralists because the better off and
more powerful elements of the community were able to capture most of the benefits.
Power relations between governments and pastoralists are also often ignored. The
SDGs recognize the importance of the “systemic” issues at the national and global
levels in Goal 17, buried under diplomatic negotiated language, such as “respect each
country’s policy space” or encourage “policy coherence.” However, this guidance is
insufficient to tackle the prejudice against mobile pastoralists at the local levels.

Conclusion

The SDGs offer an innovative and transformational framework or toolkit through
which sustainable pastoralism and healthy natural rangelands can be attained.
However, their implementation will need innovative approaches, including:

(a) using recent integrated and participatory tools and approaches so as to develop
cross-cutting multi-sectoral projects, programs, and policies that target inter-
culturality and reconcile contradictions and competition between sectors; and

(b) developing additional indicators (national and global) to complement the cur-
rent SDG indicators that specifically measure the success of integrated
approaches and progress towards sustainable pastoralism and healthy natural
rangelands—one cannot manage what one does not measure.
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Chapter 4

Changes in the Vegetation Cover

and Quality of Aquifers in the Drylands
of Mexico: Trends in an Urbanized
Complex of Three Socio-Ecological
Systems Within the Chihuahuan Desert

V. M. Reyes Gomez, D. Niiez Lopez, and M. Gutiérrez

Abstract The increase in the change of land use in many areas has resulted in an
excessive extraction of groundwater, often in volumes that exceed the total recharge in
the underlying aquifers. These are expected to be accentuated by climate change.
Monitoring and regulating aquifers is a challenging task, especially in developing
countries where data are scarce. Over an 11-year interval, the water level (WL) and
water quality in wells of three contiguous aquifers in Northern Mexico were measured.
An actual average WL drop rate of 2.012 m year~! rendered unsustainable considering
that the area receives 0.35 m year~! and negligible horizontal flows. Agricultural land
use increased fivefold in the last few years at the expense of rangeland, increasing
11.7-76.2% in the three aquifers, and producing a water demand threefold the aquifer
recharge. The permanent presence of As and F above guidelines in several wells
makes communities vulnerable to ingestion toxicity. The results of this study stress
the inability of these aquifers to supply additional water to a large city nearby and
the need of immediate corrective actions, e.g., promoting water-efficient irrigation,
artificial aquifer recharge, and an efficient and sustained management policy.
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Introduction: Changes in Land Cover Use (CLCU)

The CLCU are the result of complex interactions between physical, biological,
social, economic, and environmental factors that develop at different spatial and
temporal scales (Lambin et al. 2001; Longmire et al. 2016). Overpopulation, the
scarcity of resources that leads to growing pressure for the production of food and
other basic products, either through the intensification of existing agricultural
land or the incorporation of new production areas, changes in the regional econ-
omy, and global markets, are examples of the multiple factors that can lead to
transformations in land cover and use (Aide and Grau 2004; Barbier et al. 2010).
Hydrological processes in drylands like precipitation, evapotranspiration, runoff,
and aquifer recharge are affected by CLCU and climate change (CC). These
changes can occur at global and regional scales. Research on CC and CUCV has
allowed simulating the effects of changes in precipitation, runoff, and evapotrans-
piration, but predicting the recharge and depletion of aquifers (DWL) have been
more difficult (Kumar 2012; Scanlon et al. 2016). The relatively high interannual
variability in climatic conditions in socio-ecological systems (SES) of drylands
exerts a crucial influence on their dynamics and stability equilibrium (D’Odorico
and Abinash 2012).

The impacts of CLCU processes have been widely discussed at length in tropical
and temperate forest ecosystems (Rosete et al. 2008), and despite the importance and
extent of arid and semi-arid ecosystems in Mexico, there are few studies aimed at
determining the factors that determine CLCU processes. An exhaustive literature
review (Rosete et al. 2014) revealed that just over 85% of the studies developed in
Mexico on changes in CLCU focused on determining rates of degradation and defor-
estation exclusively in tropical and temperate forest ecosystems and only in nine of
the 92 studies examined the factors that modulate or determine the processes of
change. Drylands, due to their geographic location, climatic characteristics, geologi-
cal and topographical varieties, host a large number of endemic species, biological
richness, and mosaics of plant communities ranging from xerophilous shrub, vegeta-
tion of sandy deserts, as well as extensive areas covered by grassland (Hyot 2002;
CONABIO 2006). Despite being seriously threatened by extreme climatic variations
and constant anthropogenic pressures (agricultural expansion, overgrazing, and
urbanization), there are few studies aimed at understanding the socio-environmental
conditions that determine changes in CLCU.

In the Chihuahuan Desert in Mexico, CLCU processes show a constant dynamic
in the annual losses of surface covered by primary vegetation. The change in land
use between 1993 and 2013 reflects an increase of 14% in agricultural land, 63% in
urban areas, and 16-27% in primary and secondary temperate forests, respectively
(Table 4.1). Conversely, the loss of surface area covered by primary vegetation of
grassland and shrubland decreased by 178% and 421%, respectively. Secondary
grasslands also lost about 69% during the 20 years of monitoring and assessment,
while the secondary shrublands had an increase in 175%.
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Table 4.1 Land use change during the 1993-2013 period for the surface area of desert Chihuahuan

Exchange rate (km?)

Land use 1993-2013 (km?) Total Annual
Agriculture 57,523.1 65,832.7 8309.6 415.5
Non-vegetated 1635.3 1823.5 188.2 9.4
Urban 1672.7 2726.4 1053.7 52.7
Water body 1120.5 1089.1 -31.4 -1.6
Primary temperate forest 12,431.6 12,760.0 328.4 16.4
Secondary temperate forest 8092.3 8633.0 540.8 27.0
Primary tropical forest 11.2 8.4 -2.8 -0.1
Secondary tropical forest 983.8 909.8 -73.9 -3.7
Primary desert shrubland 244,592.9 236,169.4 —8423.5 —421.2
Secondary desert shrubland 23,398.3 26,773.9 3375.6 168.8
Primary grassland 62,442.2 58,880.1 —3562.1 —178.1
Secondary grassland 39,239.8 37,901.7 —1338.2 —66.9
Other types of vegetation 20,717.3 20,352.9 —364.5 -18.2
Total area evaluated 473,861.1 473,861.1

Positive values indicate increase in land use coverage, negative values indicate a loss

Sustainability of Groundwater

The intensive increase of the CLCU to supply the food demand of the human popu-
lations, for example, the change of desert scrubland to agricultural drylands and the
increasing urbanization and industrialization in the landscape, has led to an exces-
sive extraction of groundwater that exceeds the total recharge to the underlying
aquifers, subjecting water stress to SES, their population, and consequently to the
economy and sustainability. These dynamics of exploitation of aquifers are related
to anthropogenic process, which consist of changing the use of the soil, which is
different from what is known to have been its original use. For example, pristine soil
supports pastures, forests, or forests that humans have transformed for their benefit
into urban, agricultural, and tourist areas, to name a few. During the last two decades,
all these processes have led to plans of sustainable development of aquifers (Reyes
Goémez et al. 2017).

The concept of groundwater sustainability is of utmost interest for those in
charge of coordinating and deciding how to use water in drylands. Most of the
groups that decide and manage groundwater in dryland SES consider that in order
to achieve water sustainability, good practices in water use must be adopted and
promoted, and that they must be followed following strict guidelines to the very
long-term (Wang and Wu 2006). Water sustainability at a global and local scale is
achieved through the maintenance and protection of groundwater resources in bal-
ance with the economic, environmental, and human (social) benefits (Hiscock et al.
2002). The interpretation of groundwater sustainability considers methodologies
that contemplate management practices that ensure the preservation of water,
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the conservation of ecosystems and resulting social benefits of SES; these practices
are currently emerging in Europe (the EU Water Framework Directive), in England
and Wales (Abstraction Management Strategies), and in some parts of America
(Hiscock et al. 2002; Wang and Wu 2006).

In 2018, in Mexico, of the 653 aquifers delimited throughout the country 106 are
classified as overexploited (Fig. 4.1). The distribution of aquifers with this condition
encompasses the arid and semi-arid zones of Mexico; they are the southern exten-
sions of the ecoregions of the North American Sonora and Chihuahua deserts,
Southern semi-arid elevations, and some of Mediterranean California and Temperate
Saws in the southern center of Mexico (INEGI 1993). The condition of overexploi-
tation refers to the fact that the total recharges from rainwater infiltration, irrigation
return flows, industrial and urban origin in the aquifer are lower than the extraction
for agriculture, industry, and urbanized areas (NOM-011-CNA 2000). When these
conditions prevail for periods longer than 3 years, abrupt declines in water table
levels occur due to the fact that extractions are maintained, which translates into
large economic and natural impacts (higher investment for well drilling, subsidence,
and contamination events).

Groundwater resources in dryland SES face negative impacts as a result of aqui-
fers becoming increasingly depleted, the latter evidenced by a steadily drop of
groundwater levels (Bredehoeft and Alley 2014; Steward and Allen 2016).
Groundwater depletion is a common occurrence in drylands since they are, for the

NOTTW
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Califarnia Mediteranean [ Southem Semi-and Elevations I Warm-Humid Jungies I Temperate Saws
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Fig. 4.1 National distribution of overexploited aquifers in Mexico
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most part, overly stressed by the water demands posed by a growing population and
by the various economic sectors such as agriculture and industry (Scanlon et al.
2012). In addition to a WL drop produced after heavy groundwater withdrawals, the
water quality of depleted aquifers deteriorates in many cases posing a threat to the
health of communities that use this water (Lopez et al. 2012; Alarcén-Herrera et al.
2013; Reyes Gémez et al. 2015). Since a substantial drop in WL indicates that the
sustainability of a vital resource is at risk, the rate of the WL drop has commonly
been used as an indicator of water availability and sustainability of aquifers. Efforts
towards reducing the negative effects of aquifer depletion require knowing the natu-
ral baseline of the hydrogeological behavior for that particular aquifer according to
urban, agricultural, and industrial uses and its water quality evolution. Hydrological
models can then use these data to characterize the response of an aquifer to impact
sources and to identify any potential threats to the quantity and quality of ground-
water (El Alfy 2014). Investigators may go a step further and recommend actions
that will help achieving sustainability, such as direct artificial recharge, implemen-
tation of water-saving irrigation systems, and integral planning of best management
practices (Gale 2005). The WL continues to drop due to recurring intensive and
long-lasting droughts as well as poor groundwater management practices. Examples
include the Comarca Lagunera aquifer, which experienced an average WL drop of
over 30 m between 1975 and 1999 (1.25 m year™!), with a 65 m drop in some parts
and the Meoqui-Delicias aquifer, where the average WL drop was 30 m. In both
cases, the WL dropped as a result of water being used to irrigate crops (Esteller
et al. 2012).

In Mexico, the water policy states that the water is to be distributed among users
based on its availability, but its implementation has been lacking for the past 30 years
or so, as evidenced by water reports showing that the withdrawal volumes are almost
always larger than the approved volumes (Scott 2003). One method to correct this
deficiency is to take into account WL drop rates operating in the region prior to
water allocation, which would become more effective if this information was avail-
able for all water uses on a permanent and continuous basis. WL drop rates can also
be used to help identify threats and also to identify if these variations are cyclical in
nature (Scanlon et al. 2005).

Artificial recharge of aquifers has been considered as an action to counteract the
WL drop in systems already undergoing a certain degree of depletion, by means of
retention of surface water, injection to aquifer, or by reusing treated or pluvial water
to irrigate crops. These measures have successfully improved water sustainability in
some other regions where water is scarce (UNESCO 2007).

Although studies about aquifer recharge are common in Mexico, actions towards
achieving this goal at a pilot or at large scale are rare and those few studies have
operated for only a short interval of time (Esteller et al. 2012). One of these projects
aimed at recharging the aquifer of the Comarca Lagunera, a depleted aquifer with
high content of arsenic (As), by diverting water from a reservoir into the Nazas and
Aguanaval dry riverbeds. The attempt produced mixed results after recharged water
flow caused an obstruction in the deeper zones of the aquifer (Rosas et al. 1999).
Ongoing pilot tests to recharge aquifers in Mexico with treated water have been
reported as promising.
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The objectives of this study are to (1) determine the water quantity/quality status
of three contiguous aquifers in semi-urbanized areas in Northern Mexico, (2)
explore a possible relationship between WL and water quality to changes in land use
for scales of the Chihuahuan Desert and the socio-ecological system in study, and
(3) draft recommendations towards the implementation of measures that will
enhance sustainability.

Materials and Methods

Study Area

The three aquifers comprising the complex semi-urbanized socio-ecological sys-
tems are Tabalaopa-Aldama (TA), Aldama-San Diego (SD), and Laguna de Hormigas
(LH) (Fig. 4.2), which together occupy an area of 8488 km?’. All three are open
aquifers and consist of basins filled with alluvial material between 300 and 800 m

29°40'N

20°20N

28%40N

{1 Aauiters limits

Well
@ Water level (1977 - 2015)
W Water quality (2004 -2011)
W Water quality (2015-2017)

108 . os'w |us' |usw
Fig. 4.2 System of monitoring of quality and level water in a network wells of three aquifers
semiurbanized in Chihuahua. Aquifers Tabalaopa-Aldama = TA, Laguna de Hormigas = LH, and
Aldama-San Diego = SD
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thickness. Clay lenses may produce local confinement in a few places, whereas the
aquifers may connect with each other under certain conditions (Mahlknecht et al.
2008). The climate in the area is semi-arid, semi-hot with summer monsoon rains
(Garcia 2003), with highest temperatures occurring between June and August when
the mean temperature reaches 27 °C and the lowest temperatures occurring in
January when the mean temperature is 10 °C. The mean annual precipitation is
338 mm and the evaporation rate exceeds 2400 mm. The vegetation cover belongs to
scrubland and grassland that support livestock grazing. A small fraction of the land
is irrigated to grow crops such as pecan trees, alfalfa, and cotton.

Water Level (WL)

The evolution of the WL was measured in 2004, 2007, 2010, 2011, and 2015. We
complemented these data with those reported by CONAGUA from 1978 to 1999.
Historical water data, WL measurement, and water sample collection are described
in more detail in Alarcén-Herrera et al. (2013) and Reyes Gomez et al. (2015). The
WL measurements and water samples were obtained from 31 wells in TA, 14 in SD,
and seven in LH (see Fig. 4.2). The WL drop rate was calculated as the difference
between the oldest WL measurements minus the most recent value, divided by the
number of years between the two measurements. At the same time, WL was mea-
sured in seven of the wells (spring, summer, and fall 2015, fall 2016, and winter
2016-2017 in order to appreciate the seasonal variations in WL).

Changes in Land Cover Use (CLCU)

CLCU rates were determined at the scale of the Chihuahuan Desert, a region repre-
sentative of arid and semi-arid zones of Mexico. Then, we proceeded in the same
way but considering surface cover of three semi-urbanized aquifers of the state of
Chihuahua, in the center of the Chihuahuan Desert. This way we were able to relate
changes in land use with the chemical quality of the water of a well network moni-
tored in that zone of aquifers of Chihuahua. CLCU was determined from a 1:250,000
digital model obtained from Series II (INEGI, 1993) and V (INEGI, 2013). Land
use types were classified as: agricultural, urban, water bodies, and non-vegetated
land, while vegetation cover grown as a result of primary and secondary succession
was classified according to the following three general classes: (1) desert scrubland,
(2) grassland, and (3) others. Primary succession indicates vegetation that has suf-
fered little alteration after it has been established and secondary succession an area
that has been disturbed by either natural or man-made processes.

CLCU layers were processed using the ArcGIS 10.3 TM software. The loss of
vegetation cover was determined after comparing areas that had been previously
assigned to a different class, either agricultural, urban, water body, or areas with no
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apparent vegetation, whereas the opposite change was used to identify areas of
recovered vegetation cover. The losses in vegetation cover were identified when the
original classification represented different types of vegetation cover: Temperate
forest, desert scrub, grasslands, or other types of vegetation were transformed to
land uses such as agriculture, urban areas, bodies of water or areas without apparent
vegetation. With inverse transitions it was possible to detect the surface recovered
by the vegetation cover. Finally, the dynamics of change from a condition of pri-
mary to secondary succession in the vegetation cover allowed identifying processes
of degradation of vegetation cover.

Water Quality

Water quality was determined from chemical analyses of water samples collected in
2004, 2007,2010, 2011, and 2015. In 2015, 20 new wells were added to the original
ten in order to expand and improve data coverage, as well as to have a better view
of temporal variations (Table 4.2). The 2015 samples were collected in spring, sum-
mer, and fall and analyzed for hardness, electrical conductivity, and potential con-
taminants As, F, Na, and nitrate.

In order to determine the chemical quality of the water in wells, a water quality
index (WQI) was considered that contemplates the maximum permissible limits
(MPL) according to Mexican guidelines (NOM 127 SSA1 1994 mod. 2005). For
each of the parameters examined, the WQI was determined by dividing the current
concentration over the NML concentration, the result reflects wells with pollution

Table 4.2 Chemical parameters analyzed of water samples

Recommended limits Analytical methods
Mexican norm NOM 127 SSA1 1994 Mexican norm
mod. 2005 (NOM); World Health NOM-230-
Parameter Organization (WHO) SSA1-2002
Arsenic, As 10 ppb WHO; 25 ppb NOM ICP-MS spectrometer
Fluoride, F 1.5 mg L-' NOM, WHO Ton selective
electrode
Calcium, magnesium, Na 200 mg L-! NOM ICP-MS spectrometer
potassium, sodium
(Ca, Mg, K, Na)
Nitrate, N-NO; 10 mg L~ NOM HACH spectrometer,
method 8171
Sulfate, SO, 400 mg L-' NOM HACH spectrometer,
method 8051
Total dissolved solids, TDS | 1000 mg L-' NOM Calculated from EC
Chloride, Cl1 250 mg L-! NOM Titration
pH 6.5-8.5 NOM pH meter
Total hardness, TH 500 mg CaCO; L-' NOM Titration
Salinity 332 gL' NOM Calculated from EC
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levels above the Mexican norm NOM 127 SSA1 1994 (Reyes Gémez et al. 2015).
Statistical analyses performed on the WL (and significance test) consisted of linear
regression and correlation to test for association among parameters (co-occurrence).
For the spatial analyses in land use change, efficacy of the model (EM) was deter-
mined according to Mayer and Butler (1993).

Results

Water Level (WL) Drop Rate

All but four of the 52 sampled wells experienced a drop in the WL during the time
of this study that varied between 0.02 and 89.44 m (column Dt, Table 4.3) with an
annual rate of depletion of 1.49, 2.59, and 1.95 m year~! for TA, SD, and LH aqui-
fers, respectively (column Da). The drop rates of 80-88% of wells in TA, SD, and
LH were greater than the mean precipitation (0.350 mm year~!). Between aquifers,
the WL drop rate values were found to be not significantly different (p < 0.05);
however, some wells had drop rates around 4 m year~!' (wells 7TA, 35TA, 50SD,
62LH, and 76LH, see Table 4.3), whereas some exceeded 10 m year~! (wells 28TA,
46SD, and 52SD). The latter may have been wells within cones of depression.
Interestingly, the wells with higher WL drop rate did not concentrate in a particular
part of the basin but seemed to be at random locations, which may be due to hetero-
geneity of the basin fill and/or particular usage by the well’s owner (Fig. 4.3).

Table 4.3 Data used to estimate the annual depletion of water levels in wells of the study aquifers

First record Last record

Well Year WL (m) | Year WL (m) |n(years) |Dt(m) Da (m year™)
1TA 1999 9.73 2004 9.55 5 0.18 0.036
2TA 1990 61.88 2004 71.70 14 -9.82 -0.701
3TA? 2004 80.00 2011 90.79 7 -10.79 -1.541
4TA 1978 23.00 2004 70.90 26 -47.90 —1.842
STA 1999 70.07 2004 78.30 5 -8.23 —-1.646
6TA 1978 4.50 2007 36.68 29 -32.18 -1.110
TTA 1990 25.00 2004 45.16 14 -20.18 —4.036
8TA 1990 3.78 2007 5.32 29 -1.54 —-0.053
9TA 1990 33.67 1999 36.29 8 -2.62 -0.328
10TA 1991 15.21 2000 22.66 8 —7.45 -0.931
11TA 1992 11.35 2001 14.64 8 -3.29 -0.411
12TA 1978 30.52 1999 56.96 21 -26.44 -1.259
13TA 1990 39.15 1999 44.14 8 -4.99 -0.624
14TA 1999 62.80 1999 64.47 8 -1.67 -0.209
15TA 1990 47.70 1999 59.31 8 —-11.61 -1.451

(continued)
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Table 4.3 (continued)

First record Last record
Well Year WL (m) | Year WL (m) |n(years) |Dt(m) Da (m year™)
16TA 1978 15.00 1999 28.05 21 -13.05 -0.621
17TA 1990 59.07 1999 66.80 8 -7.73 —-0.966
18TA 1978 28.90 1999 57.29 21 -28.39 -1.352
19TA 1999 37.09 2004 39.30 5 -2.21 -0.442
20TA 1978 51.00 1999 65.62 21 -14.62 -0.696
21TA 1990 110.29 1999 112.58 8 -2.29 —-0.286
22TA 1978 51.00 1999 66.27 21 -15.27 -0.727
23TA 1999 83.47 2004 81.11 5 2.37 0.474
24TA 1990 82.96 1999 89.80 8 —-6.84 —-0.855
25TA 1978 90.63 1999 103.20 21 -12.57 —-0.599
26TA 1999 114.40 2004 117.75 5 -3.35 -0.670
27TA 2004 19.40 2015 25.64 11 -6.24 -0.567
28TA 2004 15.16 2007 69.82 3 -54.66 -18.220
29TA 2004 31.00 2007 33.00 3 -2.00 —-0.667
30TA® 2015.4 110.90 2017 113.00 3 -2.10 -1.31
35TA 2004 67.70 2015 96.14 11 -28.44 -2.585
Ada -1.49
36SD® 2015.6 4.79 2017 4.77 1.4 0.02 0.01
37SD? 2015.4 3.00 2015.8 2.35 0.4 0.65 1.63
42SD? 2015.4 22.08 2015.8 22.35 0.4 -0.27 -0.68
43SD 2004 86.26 2011 96.00 7 -9.74 —-1.145
46SD 2004 40.90 2011 130.34 7 -89.44 -11.18
47SD 2004 29.00 2011 32.54 7 -3.54 -0.44
48SD 2004 44.71 2015 57.31 11 -12.60 -1.133
49SD 2004 86.26 2011 96.00 7 -9.74 -1.39
50SD 2004 90.90 2011 119.30 7 -28.40 -3.55
51SD 2004 51.40 2007 57.47 3 -6.07 -2.02
528D 2007 100.00 2011 150.00 4 -50.00 -16.67
53SD 2011 19.97 2015 20.10 4 -0.13 -0.03
54SD 2011 13.25 2015 16.00 4 -2.75 -0.69
55SD 2011 6.14 2015 7.00 4 —-0.86 -0.22
Ada -2.59
62LH 2010 80.75 2011 85.00 1 -4.29 -4.29
63LH 2005 36.65 2015 50.00 10 -13.35 -1.48
64LH 2005 19.19 2015 50.80 10 -31.61 -0.35
69LH 2010 51.34 2015 61.56 5 -9.22 -1.84
71LH* 2011 25.60 2015 27.30 4 -3.80 -0.95
74LH 2005 15.10 2015 19.00 10 -3.90 -0.39
76LH* 2015.6 27.50 2015.8 28.40 0.2 -0.90 -4.50
Ada -1.95

ITA-35TA wells within Tabalaopa-Aldama aquifer, 36SD-55SD wells within the Aldama-San
Diego aquifer, 62LH-73LH wells within the Laguna Hormigas aquifer, n number years between
two dates, WL depth to water level in wells by two dates (m), Dt depth difference between two
dates (m), Da annual rate of WL drop (m year™!), Ada average annual of Da drop rate obtained in
this study (m year™)

*Wells measured to seasonal scale
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Fig. 4.3 Distribution of depletion of water level (WL) in aquifers semi-urbanized in the surround-
ings of the city of Chihuahua

The changes of WL per years (1999-2015) and per season for the year 2015 were
compared in some of the wells to observe their evolution at annual and seasonal
scales (Fig. 4.4a, 4.4b respectively). It can be seen that in four of these wells the
level changes are imperceptible, while for the other four the level fluctuates and
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Fig. 4.4 Changes of WL (m year™') in two scales of time: (a) year over year, (b) seasonal. TA
wells aquifer Tabalaopa-Aldama, SD wells aquifer Aldama San Diego, LH wells aquifer Laguna
de Hormigas

there are lows in 2010 and 2011 of up to 15 m. Well 31SD shows the largest drop,
while WL of wells 3TA and 29TA decreases but recovers in subsequent years and
well 37SD recovers between 2011 and 2015.

CLCU
Scale Chihuahuan Desert

The processes measured in the dynamics of CLCU during these 20 years of evalua-
tion, in the Chihuahuan desert, have mainly been loss, gain, and degradation of
vegetation cover. Of the total area evaluated throughout the desert (473,861 km?),
almost 45,000 km? have been transformed, representing 9.45% of the total
Chihuahuan desert (Fig. 4.5). Of that area of change, 41.5% is attributed to the pro-
cess of deforestation by transforming forests, shrubs, and grassland to uses such as
agriculture and urban planning. Somewhat smaller in surface, but more serious in
effects was the degradation of 12.9% of the primary vegetation cover of shrubland
and grassland, which could hardly return to its original state in <10 years. The trans-
formations of land use mentioned above (Table 4.4), match the increases observed
in agricultural areas (18.5%), urbanized areas (2.4%) and the areas with secondary
vegetation (23%).

Scale of a Complex Urbanized Socio-Ecological System
During the 19-year interval of CLCU observations, a significant loss of grassland

and desert scrubland (containing both primary and secondary vegetation) was
recorded, amounting to 454.7 km?; 11.7% in TA, 12.1% in SD, and 76.2% in LH



4 Changes in the Vegetation Cover and Quality of Aquifers in the Drylands of Mexico... 69

30°N

Land Use Change
- Deforestation
[ Degradation of vegetal cover
[ Other land use changes
- Recovery of vegetal coverage

22°N

1n2w 108w 100°W

Fig. 4.5 Distribution of the impact of the CLCU processes at the Chihuahuan desert scale

Table 4.4 Changes in land use and vegetation cover in the Chihuahuan desert

Processes evaluated Surface (km?) | Surface (%) | Annual change rate (km? year™")
Deforestation 18,589.59 41.50 929.48

Degradation 5762.13 12.86 288.11

Recovery (recuperation) 10,307.24 23.01 515.36

Other changes 775.59 1.73 38.78

Agriculture 8309.60 18.55 415.48

Urban (human settlements) | 1053.74 2.35 52.69

Total 44,797.89 100.00

surface areas (Table 4.5). The land use that gained area at the expense of scrubland
and grassland was agricultural (365.9 km?, 0.15% in TA, 14.9% in SD, and 85% in
LH) and urban (54.93 km?, 8% in SD, 92% in TA, and 0% in LH). There was also a
slight increase in areas covered with secondary scrub vegetation, 60.6 km? in LH
(8.25% of the land use change). As shown in Table 4.4, the largest land use changes
for agricultural plots replacing rangeland with primary vegetation coverage occurred
in LH, followed by SD and TA. Similarly, the loss of primary and secondary vegeta-
tion coverage to urban use was detected in the TA area, at the outskirts of the city of
Chihuahua, but this change was negligible for SD and LH areas.
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Table 4.5 Land use change during the 1993-2013 period for the TA, SD, and LH aquifers;
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positive values indicate increase in land use coverage, negative values indicate a loss

SD TA LH Total

Land use km?

Agriculture 53.15 0.54 303.16 365.85
Non-vegetated -0.76 —0.88 0.00 —1.64
Urban 4.41 50.52 0.00 54.93
Water body -0.16 0.00 0.00 —-0.16
Primary desert shrubland -36.23 —44.05 —208.09 —288.37
Secondary desert shrubland -8.77 -3.53 24.47 12.17
Primary grassland —-13.20 4.17 —157.34 —166.37
Secondary grassland 0.00 —8.59 35.85 27.23
Other types of vegetation 0.00 0.00 1.91 1.91

Water Quality

Contaminants of higher significance because of their toxicity are As and F. As and
F levels above recommended limit in Mexico (0.025 mg L' As and 1.5 mg L' F)
were found to be common and widespread in all three aquifers, with the highest
levels of WQI recorded in LH (Fig. 4.6). The LH aquifer showed high content of
SO, and Na in some wells, a common occurrence in endorheic basins in an arid
environment. The water quality data show concentrations above recommended limit
of F in most wells. The values obtained for As also indicated conditions above its
recommended limit (29% times in TA, 42% in SD, and 68% in LH). These two
contaminants co-occur (r = 0.66, p < 0.001). Cl on the other hand stayed under the
limiting value of 250 mg L~" in all wells, while pH, TH, TDS, SO,, and Na content
remained also below the recommended limits for most samples.

The location of wells with higher concentration of the contaminant of likely
anthropogenic origin, nitrate, was superimposed on land use change (Fig. 4.7) to
better visualize possible relationships. Nitrate was found within the recommended
limit (<10 mg L") in all but one well, and while not a health threat, its presence sug-
gests discharge of contaminated water from the surface and lixiviation into the aqui-
fer. Nitrate concentrations >4 mg L~! were detected on nine sampling occasions in
three out of the 15 wells sampled for nitrate (wells 57SD, 67H, and 72H in Fig. 4.7).
Nitrate high values correspond to agricultural areas or green areas within the city
watered with reclaimed water; however, this relationship is inconclusive due to the
small number of data. More measurements are needed to test this assumption.

Discussion

The mean annual rates of average depletion obtained for the TA, SD, and LH of
1.49, 2.38, and 1.97 m year~' (Ada, Table 4.3) indicate severe overexploitation,
considering that horizontal groundwater flows are almost negligible, precipitation
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Fig. 4.7 Water quality index (WQI) in wells, for nine of the chemical parameters used in the
analysis

averages 0.35 m year™!' and long-lasting droughts are a common occurrence in the
region (Nufiez Lopez et al. 2007; Castle et al. 2014).

In the wells with WL records of several years (interannual), variations between
—0.83 and 1.02 m year™' (wells 8TA, 13TA, 14TA, see Fig. 4.4a) were observed,
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while in other areas larger changes were observed with a range between —4.94 and
3.21 m year~! WL (wells 3TA and 6TA). Significant values of water level depletion
of wells of the order of 0.82 to —28.34 m year~' were observed (31SD, 37SD, and
29TA wells of the TA and SD aquifers).

Considering the average annual abatement rate estimated in this analysis
(2.01 m year™") as a metric basis to diagnose seasonal trends, it was found that in
43% of the wells for this purpose (3TA, 71LH, and 76LH, Fig. 4.4b), more than
75% of that average was obtained; about 30% of the other wells reached between 20
and 40% (36SD and 42SD), in the rest wells <5%. This can mean a continuing trend
of depletion that may lead to a condition of water risk assessment (Brauman et al.
2016). In some wells, seasonally the rate of depletion can be converted into the
recharge rate, for example, between summer 2015 and 2016 at well 71LH, the Da
value changes from —8.1 to 3.7.

What we can see in these very diverse WL trends is the great need to continue to
monitor the depth of WL, but permanently and over a wider network of wells that
ensure reliable results in order to make projections and recommendations for sus-
tainable management of aquifers to decision makers. Based on the results presented
here and assuming that the drop rates remain constant, the results point to an aggres-
sive depletion of the aquifers that, if occurring, would bring serious economic and
social consequences to the region, such as an increase in the extraction costs and
conflicts among water users, e.g., agriculture vs. urban (Korus and Burbach 2009).
The large number of wells with signs of unsustainable depletion, mainly due to the
use of agricultural and domestic areas in urban areas in the aquifer TA (see Fig. 4.3),
as well as the opening of new agricultural wells in SD and LH by agricultural and
industrial activities, suggests that in a year ahead the level of wells will decrease
further, worsening the problem of groundwater availability.

To offset the depletion of aquifers in drylands, several options have been pro-
posed, including reusing reclaimed water, artificial aquifer recharge, and water-
efficient irrigation and plumbing fixtures (Gale 2005; Brauman et al. 2016). Even
though these options are given serious consideration, it is unlikely that the water
management practices in the study area will change rapidly enough to counteract
the rapid rate at which the aquifers are being depleted. The implementation of effec-
tive policies that would add sustainable practices is therefore a key factor for an
integral planning of water resources in the region. Despite these uncertainties, there
are numerous attempts at all levels of government and society to develop favorable
policy environments, build resilient management institutions, synthesize available
science, and increase the consciousness and participation of communities to protect
and promote the sustainable use of groundwater in SES of drylands (Morsy et al.
2017). An important component of aquifer management is the volume utilized for
irrigation in the agricultural sector, and a deciding factor for farmers to switch to
water-efficient irrigation systems water is the offering of incentives towards their
implementation. Since such incentives are not in place, farmers grow the more prof-
itable crops, e.g., alfalfa, cotton, and pecans, which are water-intensive WL. Proper
water-saving incentives could significantly slow down the present rate of aquifer
abatement (Steward and Allen 2016; Scanlon et al. 2012). The land use changes also



74 V. M. Reyes Gomez et al.

modify the amount of infiltration and run off (Robertson and Sharp Jr. 2015), and in
the case of agricultural land, other parameters that may change are the amount of
water gained as irrigation returns, water lost as evapotranspiration, and discharges
that contribute salinity, phosphates, and nitrates among other contaminants present
in irrigation water return flows (Ddvila Pércel et al. 2014; Opazo et al. 2016).

The distribution of nitrate concentrations superimposed onto a land use map
helps visualize a possible relationship between them (see Fig. 4.7). Although higher
nitrate concentrations occur near areas of recent land use change, the occurrences of
contamination are not high enough as to show a clear relationship. Further monitor-
ing is therefore needed to confirm a connection between the impacts of land use,
land cover, and groundwater resource (Scanlon et al. 2005). The contaminants As
and F exceeded the Mexican norms (25 pg As L', 1.5 mg FL™") in 50% of the wells
for F and 30% of the wells for As (Fig. 4.6). Although As and F are natural geogenic
contaminants (Mahlknecht et al. 2008), excessive pumping may reach to deeper
parts of the aquifer where water is presumably richer in dissolved salts as well as in
As and F (Currell et al. 2011). Regarding pH, TDS, and TH, fewer wells exceeded
the norms, but a high WL drop rate could nevertheless pose a problem if the trends
for land use change and groundwater extraction continue. Nitrate high values cor-
respond to agricultural areas or green areas within the city watered with reclaimed
water; however, this relationship is inconclusive due to the small number of data
(Yager and Heywood 2014). More measurements are needed to test this assumption
(see Fig. 4.7). The lowering of WL can also negatively affect biodiversity by alter-
ing the type and abundance of riparian vegetation, levels of water bodies, and spring
flows that sustain wildlife (Granados-Sanchez et al. 2011; Davila Pércel et al. 2014,
Opazo et al. 2016).

Conclusions

The aquifers were found at risk of losing balance based on (a) lowering of WL, (b)
land use change, and (c) water quality. Therefore, continued monitoring of these
indicators is recommended, a task that would greatly benefit from automated data
loggers to measure and record WL and water quality, especially if these data were
made available to all water users. Offering the proper incentives to farmers towards
the implementation of water-saving irrigation systems was identified as an action
that would greatly attenuate the projected depletion of these aquifers.

Other measures to reduce evaporation and increase artificial aquifer recharge
should be considered, as well as the promotion of sustainable actions such as the
planting of WL that are drought-resistant and to restrict fertilizer application to only
the amount needed by the plant. Injection of treated wastewater into the aquifer has
been mentioned as a viable alternative to recharge these aquifers; however, this
should be done with care and under high scientific scrutiny that this procedure is
safe and that it will not produce clogging that may affect the permeability nor the
groundwater quality in the long run, preferably testing at pilot scale first before
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injection takes place. Other proposed actions leading towards sustainability include
rainwater harvesting, water storage in containers that minimize evaporation, con-
tamination prevention, formation of a grassroots and/or technical committee to
increase community participation in discussions about sustainability of local
resources, and environmental education outreach programs that would emphasize
the functions of aquifers and how to manage them sustainably.
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Chapter 5

The Socio-Ecological Systems Approach
to Research the Integrated Groundwater
Management in an Agricultural Dryland
in Mexico

M. Villada-Canela, R. Camacho-Lo6pez, and D. M. Muiioz-Pizza

Abstract Strengthening integrated and sustainable water management is one of the
most important objectives of 2030 Sustainable Development Agenda and Mexico’s
water policy, especially in drylands where the groundwater is the primary source of
water. However, 18% of the total aquifers in the country (653) are overexploited,
5% with presence of saline soils and brackish water and 3% with marine intrusion.
In this regard, there are still multiple challenges in facing dryland socio-ecological
systems (DSES): land degradation, desertification, climatic variations, population
growth, water supply and demand, economic activities and land-use changes, cul-
tural perceptions, water policies and governance and management practices that
threaten the availability and quality of groundwater. These aspects affect land liveli-
hood systems and the sustainability of human communities. Based on this, we
explore a way to research the integrated groundwater management in Maneadero
Valley, an agricultural DSES in Baja California, Mexico. We conducted 52 surveys
on farmers with a concession for groundwater supply to gain clear understanding of
the current water management and farmers’ participation. We found a need for real
involvement from farmers as stakeholders, better knowledge exchange mechanisms
and possibilities to integrate local knowledge in groundwater decision-making.
Finally, we make recommendations to improve the groundwater management in the
agricultural DSES of Maneadero Valley.
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Introduction

Soils and freshwater are being rapidly degraded, due to climatic variations that put
even more pressure on the resources we depend on, increasing risks associated with
disasters, droughts and floods (UN 2015). Therefore, population growth, economic
development, water scarcity and pollution, land-use change, land degradation and
desertification are some of the real challenges drylands face and in reaching an inte-
grated and sustainable natural resources management. In order to contribute to the
drylands science, in this chapter we use the social-ecological systems (SES) approach
that considers the link between social (human) and ecological (water) systems (Berkes
and Folke 1998), regarding elements such as a resource system (e.g., an agricultural
valley), resource units (aquifer, groundwater), users (farmers) and governance systems
(Ostrom 2009; Rica et al. 2018), creating a drylands SES (DSES) approach.

DSES can take into account systems-based, intercultural and governance impli-
cations to support policy decisions within a framework of stewardship (Huber-
Sannwald et al. 2012). Moreover, DSES offers a compelling approach to improve
natural resources management through public participation, collaborative processes
and transdisciplinarity in a framework that includes public participation (Virapongse
et al. 2016; Bautista et al. 2017). The SES approach is a way to understand that the
social and ecological dimensions of the groundwater management problem rest in
combining analysis of data on the ecological function of the coupled human—water
system with the perspectives of land and water users concerning the observed
changes and future management options (King and Salem 2012). Social (e.g., gen-
der, education, institutions) and local ecological (e.g., land-use and climate) charac-
teristics play roles in influencing people's perceptions of which water services and
coastal aquifers (Herrera-Franco et al. 2018) are important. In this regard, it is rel-
evant to inquire the role played by the local communities’ engagement and how the
coupled human—water system works in an agricultural dryland.

We selected Baja California, a dryland ecosystem that is located in one of the
most arid regions in Mexico (average rainfall of 168 mm a™' and temperature of
20 °C) (CONAGUA 2018), where despite receiving water from the binational basin
of the Colorado River, groundwater is the main water supply for agriculture in the
coastal zone. Likewise, extreme drought events have occurred in 2016 that have
limited social welfare and economic development of agricultural drylands. This is
the case of Maneadero Valley, in the municipality of Ensenada, where little is known
about the farmers’ perception, the social, economic and political context, institu-
tions and policies that govern groundwater use.

Based on the DSES approach, in this chapter we investigate how the human sub-
system in the coupled human—water system works to reach integrated groundwater
management in Maneadero Valley. We examine the perception of the main water
users (farmers), regarding socioeconomic attributes, attitudes towards public partici-
pation and agricultural and water management practices. Then, we propose a partici-
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pative strategy to improve the integrated groundwater management in this agricultural
dryland. At the end, we draw some conclusions on challenges faced in DSES research.

The Socio-Ecological Systems Approach on Integrated
Groundwater Management in Agricultural Drylands

Dryland Socio-Ecological Systems (DSES) Approach

Close to 50% of Mexico’s land area is characterized by arid and semi-arid climate
where land degradation and desertification are extensive and growing problems.
Hence, a dryland stewardship strategy at local level in Mexico must recognize that
drylands are SES where some of the largest and most far-reaching global environ-
mental and social change problems occur, and thus are a daunting challenge for
science and society (Huber-Sannwald et al. 2012).

The DSES approach conceptualizes the environment as an open system consist-
ing of ecological and social processes and components. These processes are inte-
grated through interactions (e.g., management practices, adaptation, resource use)
that occur on multiple scales and through cycles, and are influenced by broad scale
forces (political and economic conditions) and large-scale biogeochemical condi-
tions. System components interact within a dynamic, web-like structure that facili-
tates interdependencies and feedbacks influenced by direct and indirect drivers at
different temporal and spatial scales (Virapongse et al. 2016).

Disruptions to the hydrological cycles in drylands result in less and more erratic
rainfall that will exacerbate the already critical state of water scarcity and conflicts
over water allocation (Thomas 2008). Reduced land productivity, socioeconomic
problems, uncertainty in food security, migration and limited development are some
consequences of dryland degradation. When drylands are severely degraded, the
inhabitants of dryland regions are forced to make various adaptations, especially
water users (Ouessar et al. 2017).

The DSES implies to overcome a multidisciplinary view of the hydrological,
ecological, meteorological or socioeconomic aspects of land degradation as isolated
issues, to focus on their interactions and creating meaningful collaborations between
academic and non-academic people. That is why assessment of how both water and
human subsystems simultaneously affect, and are affected by land degradation has
been recognized as one of the most important and challenging topics for drylands
science (Huber-Sannwald et al. 2006; Holzer et al. 2018).

Integrated Groundwater Management in Dryland
Socio-Ecological Systems

The science that links the human subsystem and the water subsystem is called socio-
hydrology, which is aimed at understanding the dynamics and co-evolution of cou-
pled human—water systems (Sivapalan et al. 2011). In the case of socio-ecological or
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biophysical-social conceptualization of groundwater systems (the coupled human—
water system) in drylands and their management, the fact that environmental and
socioeconomic processes are intrinsically inter-connected should be taken into
account, even when hydrological, ecological, meteorological or socioeconomic
aspects coexist in a contested area with multiple actors and interests, therefore in a
transdisciplinary way.

Drylands science and governance involves complex interactions of multiple driv-
ers, and affects a plurality of SES and functions, often in complex, non-linear ways,
accompanied by multiple and often conflicting values, perspectives, attitudes and
underlying sources of knowledge, where public participation and social learning are
relevant (Bautista et al. 2017) (Whitfield and Reed 2012). This is important if coun-
tries are following the global model called integrated water resources management
(IWRM) (GWP 2000), through which administrative decentralization, public par-
ticipation and democracy in decision-making and water utilities privatization prom-
ise to mitigate the problems associated with groundwater scarcity and pollution.

Aligned with IWRM, the integrated groundwater management (IGM) seeks to
incorporate the human and the water subsystems: issues of concern, management
options and governance arrangements, stakeholders, natural and human settings,
spatial and temporal scales, disciplines, methods, models, tools, data, sources and
types of uncertainty (Foster and Ait-Kadi 2012; Jakeman et al. 2016). Groundwater
management and governance, which comprises the enabling framework and guid-
ing principles for collective management of groundwater for sustainability, equity
and efficiency, can be framed from a DSES perspective. This approach is useful to
acknowledge the complexity of the interactions between groundwater use and soci-
ety (Rica et al. 2018).

A framework for analysing, comparing and diagnosing SES in agricultural dry-
lands is proposed by McGinnis and Ostrom (2014). The main components of the
SES analytical framework can be adapted for groundwater governance taking into
account first and second-tier variables applied at local level (Table 5.1).

Groundwater Users’ Participation in Dryland Development

Even when international agreements demand more participatory processes or recog-
nize public participation as an indirect driver of change (Millennium Ecosystem
Assessment 2005; UNCCD 2009; UN 2015), stakeholder participation in the evalu-
ation of dryland restoration and sustainable dryland management is very scarce
(Bautista et al. 2017). However, the existing participatory and “integrated local and
scientific knowledge” methodologies have been conceived, tested and published in
an attempt to offer solutions to the challenges of conducting dryland research from
a socio-ecological perspective (Whitfield and Reed 2012).

First, different stakeholder perspectives must be identified and acknowledged
before any management decisions are made. Consequently, building relationships
with stakeholders requires an understanding of each other’s culture (Virapongse
etal. 2016), and it is a way to gain knowledge on how governance systems operate
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Table 5.1 Components and variables of a SES in an agricultural dryland (modified from McGinnis
and Ostrom (2014))

Component Variables
Water Resource systems and | — Sector (agriculture, water)
subsystem | units — Groundwater and ecosystem services

— Clarity of the system boundaries

— Size of the resource system

— Type of human-constructed facilities
— Productivity of aquifer

— Predictability of aquifer dynamics

— Storage characteristics

— Recharge and discharge flow rates

— Economic value

— Spatial and temporal distribution

Human Social, economic and — Economic development and economic sectors
subsystem | political settings — Demographic dynamics or trends

— Political stability

— Governance and governmental frameworks

— Land-use and agriculture trends and policies

— Infrastructure and technological development

— Market influence

— Media interest on social or environmental issues

Governance systems — Governmental organizations

— Non-governmental organizations (NGOs)

— Actors’ network structure

— Information sharing

— Property rights systems and bundle of rights

— Rules: operational-choice, collective-choice,
constitutional-choice, monitoring and sanctioning

Actors — Socioeconomic attributes

— History or past experiences

— Location

— Leadership/entrepreneurship

— Norms (trust-reciprocity)/social capital
— Knowledge of SES/mental models

— Importance of resource (dependence)
— Technologies available

(Lopez-Porras et al. 2018) and how to enhance trust among different stakeholders
(De Vente et al. 2016). Second, implementing a participatory process for assessing
dryland agricultural sustainability requires inventorying farmers’ (land or water
users) perceptions. It has the potential to contribute to sustainable development by
generating an understanding of agro-ecosystem dynamics, priority constraints and
opportunities, and in developing interventions based on farmers’ perceptions and
knowledge, and formal science linkages (Onduru and Du Preez 2008).

Third, common aspects in researching the integrated resources management and
governance in drylands, based on a SES approach and considering users’ participa-
tion and perception, must include the analysis of stakeholders’ involvement, legiti-
mate representation, non-state actor influence, communication to non-state actors,
information exchange through face-to-face contact, facilitated knowledge exchange,
structured information aggregation, process moderation/facilitation, among others
(De Vente et al. 2016).
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Thus, the reviewed literature opens an opportunity to research groundwater
users’ participation and perception of drylands to improve the integrated groundwa-
ter management where conflicts among actors or exclusionary decision-making
processes appear, and how the components of the coupled human—water system can
enable or impede public participation in Maneadero Valley and facilitate a steward-
ship of drylands social-ecological systems.

The Maneadero Valley as an Agricultural Dryland

Maneadero Valley is located in the northern part of the Baja California Peninsula in
Mexico. This valley has an agricultural surface of more than 3700 hectares, focused
on the production of vegetables and flowers for exportation where more than 90%
of the products are commercialized in the USA, primarily California. From the
total sowed area, 67.4% are irrigated crops, while 32.6% are seasonal crops
(SEDAGRO 2015).

Various factors have promoted the economic activity in Maneadero Valley. On
the one hand, the class situation, the migrant character, the ethnic origin and the
gender condition of a segment of the work force have promoted the exploitation of
indigenous people. On the other hand, the cost of electric power for water exploita-
tion is subsidized. Thus, the profitability of horticultural production has resulted in
low investment by producers in housing and workers’ services (Garduiio et al. 2011)
and low awareness of groundwater over-extraction. Water provides goods and ser-
vices which are interrelated, determined by the quantity and quality of available
water. While the Maneadero-Las Animas aquifer is the main water supply for the
city of Ensenada (30% of its water supply), it is one of the eight overexploited
coastal aquifers in Baja California and one of the five coastal aquifers affected by
saltwater intrusion (CONAGUA 2018), with total dissolved solids (TDS) concen-
trations between 1080 and 26,950 g L' (Gilabert-Alarcén et al. 2018a, b), exceed-
ing the maximum permissible limit of 1000 mg/L (Official Mexican Standard
NOM-127-SSA).

The Maneadero-Las Animas aquifer belongs to the number one hydrologic
region in north-western Baja California. The aquifer is located 15 km south of the
city of Ensenada (31° 41" N and 116° 30" W). It is a hydrologic sub-basin covering
1795 km?, of which 75 km? belongs to a coastal plain. In addition to rainfall, the
Maneadero coastal aquifer receives water from the runoff of the basin, mainly from
the San Carlos and Las Animas creeks (Fig. 5.1).

The Maneadero aquifer has an average annual recharge of 33.7 Mm?, volume
allocated of 39.09 Mm? and a deficit of 5.37 Mm? (DOF 2018). For 2015, a desig-
nated extraction (allowed) of 38.37 Mm® and a deficit of 17.57 Mm? were registered
(DOF 2015). Currently, there is no availability of new wells or volume increases,
because of the legal restriction on May 15th, 1965 (DOF 1965).

The consumption and water demand of the Maneadero Valley has increased
every year due to the population growth and the economic activities that take place
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Fig. 5.1 Localization of the Maneadero Valley, Baja California, Mexico

inside and outside the valley. Currently, there are more than 300 water users regis-
tered in the Technical Groundwater Committee of Maneadero aquifer (COTAS, in
its Spanish acronym) from different water uses: agricultural, multiple, public-urban,
services, domestic, livestock and industrial. The largest water consumptive group in
Maneadero Valley is agriculture (commercial export agriculture, greenhouse opera-
tions and ranchos), which utilizes 71% of the groundwater resources, through a
water-well concession. The multiple consumptive uses represent mostly small-scale
agriculture, livestock and domestic uses and are a large proportion (33%) of the
total concession volume. The water allocation of the water utility company in the
municipality of Ensenada (CESPE, in its Spanish acronym) is the largest water con-
sumer in the public-urban use, which constitutes 17% of the category’s total
(Medellin-Azuara et al. 2013).

The Public Registry of Water Deeds database (REPDA) from the National Water
Commission (CONAGUA, in its Spanish acronym) exhibits 360 wells located in the
geographical limits of the Maneadero aquifer: 180 for agricultural use, 114 for mul-
tiple use, 20 for public-urban use, 18 for use in services, 17 for domestic use, 7 for
livestock use and 4 for industrial use. Nevertheless, the groundwater assigned by
concession or allocation of rights according to the REPDA is not what is really
being extracted.
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In the Maneadero Valley, a wastewater treatment plant (called Maneadero) was
built to avoid more groundwater pollution. Also, programs to cancel some ground-
water wells were implemented, and piezometric nets are being operated to monitor
the aquifer depletion. To reduce stress on water supplies and prevent marine intru-
sion, in 2003 the Integrated Water Management Plan for the Maneadero aquifer was
drawn up by CONAGUA, which is the Mexican government agency in charge of
national water management, through application of the National Water Law.
Although the plan was never made official, it suggested the use of reclaimed water
(RW) and recommended the construction of infrastructure for agricultural irrigation
and artificial (not incidental) aquifer recharge (Gilabert-Alarcén et al. 2018a).

Unlike other valleys in Mexico, since 2014 in Maneadero water users are already
using RW coming from the city of Ensenada. This RW for agricultural irrigation and
incidental discharges on a riverbed have been applied in Maneadero Valley, result-
ing in a mix of dissolved salts attributed to natural geochemical processes,
anthropogenic-derived processes (urban solid waste, wastewater and animal waste)
and marine intrusion (Gilabert-Alarcon et al. 2018a) that have also affected the
recharge of the aquifer. The main wastewater treatment plant in Ensenada is called
“El Naranjo” and has a treatment capacity of 500 L s~!. El Naranjo is located
approximately 13 km north of the Maneadero aquifer. It was in June 29th of 2014
when the implementation of the pilot project ($6 million U.S. dollars) for the reuse
of RW started with 152 ha of irrigated lands with 200 L s~!. Then, 80 L s~! were
used to reactivate agriculture production of 200 ha in areas that were mostly aban-
doned and 120 L s™' directly to the Las Animas creek, as an incidental aquifer
recharge (Mendoza-Espinosa and Daesslé 2018).

In summary, the water subsystem has changed historically due to some factors in
the human subsystem, disturbing the quality and the quantity of the Maneadero
aquifer and conditioning the groundwater supply. Then, the coupled human—water
system or DSES in Maneadero Valley considers the following components and vari-
ables (Table 5.2).

Table 5.2 Components and variables of a SES in Maneadero Valley

Component Variables

Water subsystem (biophysical | e Climate: extreme temperature variations and low precipitation
environment) influenced by (rainfall) rate

human subsystem * Groundwater depletion levels: caused by sustained

groundwater pumping (over-extraction)

» Natural biogeochemical processes: sorption, ion exchange,
filtration, precipitation and biodegradation that cause soil
desalinization

» Groundwater pollution

— Leachate infiltration from agricultural (fertilizers,
herbicides, pesticides) and domestic activities (wastewater
from septic tanks)

— Infiltration of RW from agricultural irrigation

— Infiltration of RW from incidental discharges to creeks

— Marine intrusion, which caused the increase of the TDS
that exceed the maximum permissible limit of 1 g L-!

(continued)
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Table 5.2 (continued)

Component Variables

Human (socio-economic, * Population growth and immigration in Ensenada: demand of
governance) subsystem water, sanitation and public health services

influenced by the water * Economic activities and land-use changes: agricultural,
subsystem public-urban, services, domestic, livestock and industrial uses

* Markets and prices
» Competing users
« Ineffective water policies: regulations of water quantity and
quality without follow-up, excessive number of concessions,
absence of an integrated water management plan
* Inadequate institutional arrangements
* Outdated legal framework to reduce groundwater variations
* Alternative water sources: RW reuse in foraging and flower
crops, groundwater recharge through incidental discharges on
riverbeds and private use of desalination plants
* No capacity of water users to influence decision-making, even
though COTAS
* Variety of social actors
— COTAS
— State agencies (CONAGUA, SEDAGRO, CESPE)
— Local level administrative staff
— Water users (farmers), landowners, producers
— Academics, NGOs, farmworkers

Groundwater Users’ Participation and Perception
in Maneadero Valley

In this section we analyse the results of a survey carried out between August 14th
and November 9th on 2017 with a group of farmers (groundwater users with a con-
cession) in Maneadero Valley (n = 52). The objective of the survey was to document
aspects regarding socioeconomic attributes, attitudes towards public participation
and agricultural and water management practices, and then, to propose recommen-
dations to improve groundwater management and governance.

The instrument consisted of 27 questions divided into three sections of variables:
(1) sociodemographic, (2) public participation in water management and gover-
nance and (3) agricultural practices and implemented solutions to groundwater scar-
city and pollution. The questionnaire was designed as a result of prior research,
interviews with experts and communication with the technical manager of COTAS
Maneadero. To carry out the surveys we use the office of the COTAS. The surveys
were conducted in person and individually with farmers.

Previously, we have been acting as active observers in water meetings and forums
in Baja California where Maneadero Valley is mentioned, in order to gather infor-
mation on the context, stakeholders and how the decisions on quantity and quality
of water supply are taken. We also have done field work that provides a general
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overview of the study area, especially having close meetings with people related to
the environmental and socioeconomic issues in Maneadero Valley. Even when there
are more than 300 water users registered in the COTAS (according to the REPDA
database), just 52 of them were available to participate in the survey. This was due
to the fact that: (1) most of them only rent the land, (2) they no longer live in
Maneadero or (3) they are elderly people whose age and medical condition did not
allow them to participate in the survey.

Consistency of data input was ensured by creating a formatted Excel spreadsheet.
Quality control for data input was ensured through checks on data input from the
original paper questionnaires into the spreadsheet and through direct clarification of
specific translated answers to avoid misinterpretation. We gave careful consider-
ation to data handling processes from data input to translation and interpretation
(coding, classification and statistics with Stata software).

Sociodemographic Profile of Surveyed Farmers

Seventy-three percent of the sample is formed by men and the other 27% are women.
The age range with greater frequency was 50-69 years, with an average age of
62.7 years. The level of studies of 44.2% of the respondents corresponds to the
elementary school level, 23.1% with high school level, 19.2% undergraduate level
and 7.7% have equivalent studies to PhD and masters. The rest (5.7%) have no
school education.

The main economic activity of the respondents is agriculture (80.8%). The rest
of the respondents are renting their land (9.6%), and in some cases, they also have
another employment (7.7%) or are retired (1.9%). The monthly economic income
with more frequency was from 2000 to 10,000 pesos (48.1%), and the next one was
11,000-20,000 pesos (26.9%). Almost 80% of the participants live in the same land
they own and the rest have an independent house.

Farmers Participation in Water Management and Governance

We explored the rationales for farmers’ participation: the perceptions of the current
groundwater management, the problem and the proposed solutions; water manage-
ment responsibilities and the usefulness of the participatory spaces provided by
CONAGUA, through COTAS meetings. In doing so, we found that 90.4% of the
respondents assist to the COTAS meetings, because they are members and to stay
informed on water management in Maneadero Valley. Farmers attend meetings
every third Sunday of the month organized by COTAS, but monitored by CONAGUA,
who is the authority that makes the final decisions.
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Fig. 5.2 Farmers’ perception on the Maneadero aquifer condition

Farmers’ perception of the aquifer condition is mainly attributed to rainfall scarcity,
excessive water supply to Ensenada city and population growth, causing conflicts,
especially in their productive activities. Although it is perceived as a problem that
affects everyone, when they are questioned about who is responsible for water man-
agement, most of them respond that it is a task of official authorities and few respond
that should be in charge of all water users (Fig. 5.2).

Regarding farmer’s participation on water management, as a factor to contribute
in the water governance, the existence and effectiveness of dialogue spaces with
training and access to information on the use of RW were identified with a statisti-
cally significant association. Even when the interviewees perceive that scientific
information is freely discussed, only 65% of them consider that their opinion on
water issues is taken into account by authorities and scientists. That affects the
inclusion of local knowledge, the trust among participants and usefulness of COTAS
meetings as a learning and participatory space. The main obstacles identified were
attributed to the lack of communication and information, in addition to the disinter-
est of the authorities, considering COTAS as informative spaces and without the
possibility of intervening in decision-making (Table 5.3).
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Table 5.3 Main results on the questions about attitudes towards public participation

Your opinion is | The scientific Training and access
Attendance | taking into data is freely to information on
(0.775) account (0.564) | discussed (0.218) | RW* (0.047)
Participatory spaces | Yes |No Yes No | Yes No | Yes No
The spaces existand |88 |12 63 37 |88 12 |83 17
are effective (%)
It does not exist/they |91 |9 73 27 |73 27 |55 45
are not effective (%)

Statistics of probability in parentheses. Chi-square test for independence
Significance level = 0.05

Table 5.4 Users’ knowledge on desalination plant operation and impacts

Advantages and risk
Know (1) (2) 3) 4 5) (6) Total
Yes 1 5 8 3 0 3 20
No 0 1 15 4 4 8 32
Total 1 6 23 7 4 11 52

(1) =Reactivate agriculture, (2) = High productivity, (3) = Reduce groundwater salinity, (4) = Short-
term solution, (5) = Negative environmental impact, high costs, (6) = Unanswered

Implemented Technical Solutions to Groundwater Scarcity
and Pollution

Two strategies were explored through the survey: the use of private desalination
plants and the use of RW from treated wastewater plants. Private desalination plants
have been perceived as a good alternative to maintain agricultural production by
90% of respondents. Some of farmers are already using desalination plants, but they
do not have the appropriate permits for their use. Table 5.4 shows the relationship
between knowledge of the operation of a desalination plant and the advantages and
risks perceived.

Most respondents consider that desalination plants are useful because of local
problematic conditions, and those who have less knowledge of its operation have
more uncertainty about the environmental impact. The concern for the environmen-
tal impact is due to the lack of knowledge of where the waste is disposed and the
possibility of affecting the subsoil and the aquifer again. There are other solutions
to reduce the aquifer overdraft, as considered by farmers, and the main one is the
use of RW (31%). They perceive advantages on this technological solution, but they
also have some concerns about it. Figures 5.3 and 5.4 show how advantages and risk
are distributed according to the attendance to COTAS meetings.

Attending to meetings has played an important role in informing the advantages,
risks and knowledge of treated wastewater; among the advantages are reactivating
farmland and encouraging the cultivation of flowers and forage. Some of the main
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Fig. 5.3 Farmers’ perception on advantages of reclaimed water (RW) reuse
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Fig. 5.4 Farmers’ risk perception on reclaimed water (RW) reuse

concerns are of economic nature and public health. Finally, on the alternative use of
RW for the crops irrigation or the incidental recharge of the aquifer, 98% of the farm-
ers perceive that it has been beneficial. The only constant observation among the
respondents is that the RW discharged into the Las Animas creek has produced mos-
quito and fly pests. Figure 5.5 shows the reasons associated with these opinions.
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Fig. 5.5 Perceived benefits of the use of reclaimed water (RW) strategy

Most of the farmers perceive the recharge of the aquifer as the main benefit,
followed by soil productivity. However, some of the farmers manifest discontent
because the benefits have been targeted only to certain powerful groups. In addition
to seeking that participatory spaces become accessible to different groups, it is nec-
essary to show how the benefits of these strategies are extended in groups of the
population with different sociodemographic characteristics and knowledge levels.
Therefore, it is important to promote and empower the groups which least perceive
these benefits to increase their participation and influence in the participation spaces
through COTAS meetings.

Discussions: The Proposal of a Strategy to Improve
the Groundwater Management in Maneadero Valley

The current state of the Maneadero aquifer conditions the subsistence system and
the sustainability of the communities located in the Maneadero valley, especially
the farmers. Their participation and leadership is fundamental to regulate water use,
monitor groundwater depletion and quality, make informed and conscious deci-
sions, as well as co-create knowledge with official authorities and scientific knowl-
edge brokers to improve water management and governance. But first, it was
imperative to understand the current water management and governance, especially
the participation and perceptions of a group whose well-being is linked to the water
subsystem.

De Vente et al. (2016) find that in participatory processes on drylands social-
ecological systems certain design principles must be fulfilled. We use their seven
recommendations to apply in the empirical case of Maneadero Valley and to improve
water management and governance (Table 5.5).
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Table 5.5 Strategy to improve the groundwater management in Maneadero Valley (modified from
De Vente et al. 2016)

Recommendations

Description

1. Select participants carefully | In addition to official authorities, water users or farmers,

include not just natural but social scientists from local
universities and research institutions that can provide data and
information to improve COTAS meetings, at least as guests

. Make participation attractive
and easy

Technical manager of COTAS Maneadero, farmers’ leaders and
social scientists can identify the problems of and with water
users, establish new communication mechanisms and
relationships between actors and consider emerging solutions
to implement an integrated groundwater and RW management

. Foster trust

Take advantage of existing networks and technologies for
communication between actors, as in the case of COTAS
meetings. Respect the knowledge of all participants by
critically evaluating both scientific and local knowledge

. Provide participants with
information and decision-
making power

Through COTAS meetings, offer participants the real power of
decision-making that affects them and provide high quality,
accessible and impartial information inviting research
institutions to communicate their academic results in a simple
way

. Use professional
independent facilitation
and structured methods of
information aggregation

Use a competent independent facilitator who can manage
power imbalances, stimulate the active participation of all
actors and ensure fair participation and deliberation with equal
opportunities

. Promote long-term
commitment

Create a long-term commitment for all participants and realistic
economic support for the implementation of solutions not only

with CONAGUA support, but also farmers’ associations

7. Adapt language Use accessible language and informative resources adapted to

the educational level of the participants

Conclusions

In this chapter, we have established the basic conceptual framework of the drylands
socio-ecological systems through the elements of a coupled human—water system,
in order to reach an integrated groundwater management in an agricultural dryland
in Baja California based not only on sound science, but also on public perception
and participation of water users. In this regard, we consider that integrated ground-
water management in drylands should engage the wider community and relevant
stakeholders in decision-making. We recognize that it is important to determine how
public participation occurs in decisions regarding groundwater management and
what perception water users have of the water issues and technical solutions imple-
mented to reduce the impact of aquifer overexploitation and increase agricultural
irrigation through the use of reclaimed water and desalinization plants. In doing so,
we can identify the key aspects influencing public participation, agricultural prac-
tices and implemented solutions to groundwater scarcity and pollution.
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Chapter 6

Forced Modernization in Drylands:
Socio-Ecological System Disruption

in the Altiplano of San Luis Potosi, Mexico

L. Ortega and J. Moran

Abstract The United Nations Convention to Combat Desertification (UNCCD)
recognizes desertification as a serious global problem in arid and semi-arid zones. It
is necessary to conduct research on, and inform stakeholders of, the processes
related to the degradation of these drylands before it is too late. The purpose of this
chapter is to describe some threats caused by disruptive socio-ecological system and
landscape transformations in the drylands of San Luis Potos{ (SLP), a state in north-
central Mexico. This is due to a process of forced modernization, which crystallizes
from a vision aimed at increasing productivity through the incorporation of disrup-
tive technologies and overproduction of renewable energies. The problem of this
modernization model is that it disregards the integrity and functions of the socio-
ecological system itself. In the case of the central plateau of SLP, known as the
“altiplano,” the state government and transnational entrepreneurs appear to view the
issue of modernization through the logic of bringing progress and development to a
space that they view as otherwise empty, unoccupied, and with low economic value.
Therefore, implementation of projects is promoted, aiming to turn these “empty
spaces” into productive areas, but also culturally and ecologically decontextualizing
the traditional livelihoods of these drylands.

Keywords Drylands - Socio-ecological system - Disruptive technologies -
Renewable energies

Introduction

According to the United Nations Convention to Combat Desertification (UNCCD)
desertification is the degradation of land in arid, semi-arid, and sub-humid areas,
known as drylands, as a result of complex interactions between physical, biological,
political, social, cultural, and economic factors. The impact these areas undergo is
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concerning because they are the habitat and the source of sustenance for a large part
of the world’s population (UNCCD n.d.).

Drylands occupy about 60% of Mexico’s territory (Verbist et al. 2010;
CONAFOR-UAch 2013). A large portion of it is known as the “Altiplano Mexicano,”
which covers approximately a quarter of the country’s expanse, consisting of an
uninterrupted sequence of highlands, bounded by the Sierra Madre Occidental, the
Sierra Madre Oriental, and the Trans-Mexican Volcanic Belt. Throughout most of
this dryland, rainfall is in the order of 200-500 mm/year (Rzedowski 2006). Within
the “Altiplano,” from the state of San Luis Potosi (SLP) to a strip in southern USA,
is the ecoregion known as the Chihuahuan Desert, which is considered the largest
in North America and has the second greatest biodiversity worldwide (WWF 2018).
Particularly, the area occupied by SLP stands out because it concentrates the great-
est diversity of cacti in the ecoregion (Hernandez 2006).

The “altiplano” in San Luis Potosi extends to the northwest of the state and
includes only a portion of the drylands, since its delimitation owes to a political-
administrative division. It covers almost half of the state (48.1%) and includes 15
municipalities, which have the lowest population density in the state (11 inhabitants
per km?) and is referred to as a low-level development region (SDSR 2016). It has
two natural protected areas: (1) Real de Guadalcdzar and (2) Sitio Sagrado Natural
de Wirikuta, promoted as a World Heritage Site by the UNESCO because of its
biological importance and spiritual significance to indigenous people (Giménez
et al. 2018).

The aim of this chapter is to analyze a process of forced modernization in San
Luis Potosi’s “altiplano” through observed consequences in socio-ecological sys-
tem and landscape transformations. The implementation of disruptive technologies,
both in the case of high-productivity horticulture and renewable energies produc-
tion, constituted “pressure points” that favor cultural reorientations in the traditional
forms of space appropriation. Conventional relationships between rationality of
modernity and other cultural identities are questioned from the approaches of inter-
culturality (Alsina 2004).

Relationship Between Drylands as Socio-Ecological Systems
(SES) and Landscape

Drylands are analyzed as socio-ecological systems (SES) due to the complex network of
interactions that sustain (a) the biotic communities and (b) the ecosystem services.
Characteristically, they present non-linear dynamics and maintain a high level of response
to the interactions between different scales, as well as self-organization capabilities and
emergent properties (Huber-Sannwald et al. 2012). In accordance, the analytical frame-
work called Drylands Development Paradigm recognizes that ecological and social
issues, along with options for livelihood support and ecological management, are interwo-
ven (Reynolds et al. 2007). Therefore, it proposes the simultaneous exploration of
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biophysical and socio-economic dimensions on different spatial and temporal scales
through a variety of methods including recovery of local knowledge (Reed et al. 2011).

The proposal to contribute to the analysis of drylands as a socio-ecological sys-
tem in the altiplano potosino, complemented by the approximation of the theoretical
framework of the landscape, sets forth not only the conjunction of the natural,
social, and cultural components, but the search for interdisciplinary dialogues that
point to a holistic understanding of complex processes. In this way, the interest in
combining the socio-ecological system and the landscape is to establish a connec-
tion that is largely unaddressed, if not nonexistent, in which the landscape becomes
a communication bridge between socio-ecological system and fields of knowledge
such as history, anthropology, geography, ecology, architecture. These and other
disciplines that focus on the study of space, culture, forms of appropriation, exploi-
tation, and use that social groups make of resources, in a dialectical connection that
conditions certain dynamics, explain the characteristics of an environment and give
meaning to an area, zone, or region that differentiates it from others.

Thus, the existence of certain biotic and abiotic elements, their availability, their
function, appropriation, and meanings construct a landscape and socio-ecological
system that require different tools for their understanding and study. The link
between the socio-ecological system and landscape is therefore possible because
environmental, geological, ecological, social, economic, and cultural factors are
visualized within both of them, all of which account for the sociohistorical con-
struction it experiences, through a process of transformation of space, nature, and
society. In addition, the analysis scale can acquire diverse dimensions, from differ-
ent attributes or elements that support a geophysical, morphological, biotic, histori-
cal, symbolic composition with the development of certain collective practices
(from their specific linguistic, ethical, and esthetic appropriation); forms of interac-
tion between social groups with their environment, with each other and in the way
they appropriate space; as well as through the material modification they exercise
over the natural environment (Vizquez and Ledén 2015; Ruiz and Roque 2017,
Martinez and Soto n.d.).

Given the above, in this chapter, we analyze the forced transformation processes
that the “altiplano” in San Luis Potosi has undergone. The altiplano dryland is a
substantially valuable region which has been coveted and historically reconfigured
over the course of many years, starting from the confluence of assorted extractive,
developmentalist, and modernization processes.

Forced Modernization

There is a paradox in productive transformation processes, according to Tudela
(1989). One the one hand, there is a multiplication in investment, a wide use of
technological resources, increased productivity, and, in general, increased creation
of wealth. But, at the same time, they bring about processes of social and ecological
decline, generating setbacks in the quality of life.
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In the case of San Luis Potosi, the state government detected in 2015 that the
“altiplano” only contributed to 6.4% of the state’s gross domestic product, since
most of the population engages in temporary agriculture focused on subsistence
farming (SDSR 2016). Under this logic, agroindustrial development was guided by
adopting technologies, genetic improvement, and an increase in the installed capac-
ity of crop production units, under a system of contract farming (GESLP 2018a).
Thus, the reproduction of a trend towards standardizing and transnationalizing tech-
nological policies is observed. In this process, the government becomes an advocate
for the adoption of these technological packages, ignoring the socio-environmental
circumstances that prevail in the regions (Tudela 1989).

According to official data, between 2015 and 2018, protected agriculture enabled
the creation of 2238 jobs and allowed the installation of greenhouses for green chile
and tomato production. The state became the second largest producer of the latter
nationwide in 2018 (GESLP 2018a). These figures seem to justify the promotion of
a new form of production, which is compared with the apparent inefficiency of tra-
ditional forms of production. This new model promotes employment, training, the
reduction of uncertainty for producers, and increased income across the population
(GESLP 2018b). However, these events do not guarantee a better quality of life and
restrict the type of dryland adapted production, mainly benefiting the market econ-
omy through outsourcing.!

Likewise, the adoption of renewable energies was prompted by the altiplano’s
natural features (GESLP 2018a). San Luis Potosi is located in the region called “the
solar belt,” where capturing 5% of the irradiation received in the state would sustain
energy consumption for the entire country (GESLP 2018b). Theoretically, this cli-
mate resource would contribute to regional socio-economic development because it
would help to achieve the goal of generating 35% of the country’s energy through
renewable sources by the year 2024.

In this context, the installation of a solar energy plant in the municipality of Villa
de Arriaga was projected at the end of 2018, and another solar farm would be added
in Villa de Ramos in 2019. In addition, two wind farms in Charcas and another in
Santo Domingo municipalities have been built. According to the technical study, the
installation of the electric transmission line for the Dominica project alone, in
Charcas, would entail a loss of vegetation coverage of 65,149 ha, of which 10,024 ha
would experience a permanent loss. In addition, the removal of 134.3 m?® of soil and
3072 m® of earth movement is calculated (MIA n.d.).

!'According to the third state government report, for 2018, the production of barley, soybean, and
sunflower crops under the contract farming system has been promoted by guaranteeing the sale of
the harvest at a set price and by backing it up with different government support such as technical
assistance, technology packages, and production incentives. In the spring—summer 2017 cycle,
12,489 ha of barley was harvested in Villa de Arriaga, with a value of 47.9 million pesos for the
benefit of 1336 suppliers to Grupo Modelo México. Under the same model, producers in the
municipalities of Cerritos and Guadalcazar cultivated 786 ha of sunflower under contract with the
company AAK México S.A. of C.V. at a price of 7100 pesos per ton, for a total of 4.8 million pesos
(GESLP 2018a).
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Although San Luis Potosi has registered an increase in investment in technified
agriculture, renewable energy, volume of production, and wealth generation, this
form of production and appropriation of resources deteriorates the socio-ecological
system and landscape, and therefore modifies the livelihoods that are consubstantial
to them. For this reason, according to Tudela (1989), it is fundamental to gain
knowledge of each one of the mechanisms of transformation and link them to the
processes of deterioration, as well to analyze the specific modalities of economic
activities that trigger their action, to critically analyze and rethink if there are actu-
ally development processes.

Livelihoods in the Altiplano Potosino

The socio-ecological system of this region was shaped by the occupation and forms
of natural resource appropriation carried out by hunter and gatherer groups during
the Late Postclassic period. These groups took advantage of the distribution and
phenological patterns of the wide diversity of species that have evolved in condi-
tions of chronic droughts, infrequent rainfall, and even excessive thermal variation
on the surface of the soil, affecting the subsistence of plants and animals (Hernandez
2006; Rodriguez-Loubet 2016).

From the sixteenth century, the productive activities of these places were sud-
denly reoriented, historically forming a landscape, and thus a socio-ecological sys-
tem, that has resulted from juxtapositions and confluences between new productive
activities and diverse cultural interactions. The influence of the new modes of
appropriation of nature side-by-side with traditional ones accounts for the processes
of socio-ecological system transformation:

(a) Mining. The region is located in a metallogenic province abundant in silver,
lead, and gold, in addition to zinc, mercury, fluorite, and arsenic (SGM 2018).
The foundational origin of the settlements during the conquest was mining
extraction, which began in 1574 (SGM 2017). Later, new mining districts were
incorporated, some of which have mines in operation to this day. At the end of
the nineteenth century, a transition from artisanal mining to larger-scale mining
began, using dynamite for the first time, mechanical perforations with air, and
the movement of large volumes with winches, associated with the first power
plant (SGM 2017). The endemic presence of metallic and non-metallic miner-
als and their accumulation in soil and water because of extractive activities have
created risk scenarios for human health and for other exposed organisms
(Espinosa-Reyes et al. 2014; Jasso-Pineda et al. 2007; Monzalvo-Santos et al.
2016; Razo et al. 2004), whose magnitude of effects has not yet been suffi-
ciently measured.

(b) Salt production. The “harvest of salt” in the saline lagoons initially depended
on knowledge of seasonal cycles and weather conditions. Afterwards, ponds
were built, in which the salt water extracted from the subsoil was deposited,
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accelerating the volume of extraction (Vazquez 2014). The main purpose of this
salt was use in silver amalgamation, followed by animal feed. Salt production
complexes were preserved as a historical trace of the transformation of the
landscape, warehouses, salt factories, “norias,” and watercourses, as well as
communication routes (Vazquez 2014). Some operation sites are still active,
though on a smaller scale.

(c) Livestock-agriculture-hunting-collection. The introduction of small cattle in the
“altiplano” was made possible by the construction of traditional hydraulic engi-
neering techniques of temporary water reservoirs (Ruiz 2014). A cyclical pro-
duction system called “trashumancia” was implemented, consisting in an
extensive grazing system based on the mobility of herds between summer pas-
tures, in lower altitude areas where there is also farming? and winter pastures in
areas of higher altitude (Mora 2012). In this way, soil compaction degree is
reduced, increasing its fertilization and contributing to biodiversity conserva-
tion and fire prevention (Mora 2011; UPA 2009). This activity is sustained
through the “peasant economy” based on family participation (Barrera et al.
2018), creating income through the commercialization of meat, milk, cheese,
and offering products for self-consumption, valuable in terms of food quality
(Griinwaldt et al. 2016). It also articulates rainfed agriculture, hunting, and har-
vesting (Maisterrena and Mora 2000). In some arid zones, these systems are
threatened by overgrazing (Guzmdan 2004; Negrete-Sanchez et al. 2016), lead-
ing to desertification processes (soil degradation and loss of productive capac-
ity) that are usually evident when is too late to stop them (Manzano et al. 2000).

Disruptive Technologies in High-Productivity Horticulture

Disruptive innovations do not seek to offer better products, but rather the introduc-
tion of products and services that, although not as effective as the existing ones, are
simpler, more convenient, and sometimes cheaper (Bower and Christensen 1995;
Smith 2003).

In the agricultural sector, disruptive technologies seek to maximize production
levels continuously, developing greater automation and mechanization of the pro-
cess (Kelly et al. 2017). High-productivity horticulture, which consists of large-
scale production in smaller areas, generated large changes in agricultural production,
using improved procedures implemented in greenhouses (Roel 1998). These tech-
nologies have been disruptive to the market in which they are introduced and, in a

2Is essential for these farming systems the use of adapted “criollo” seeds to water stress conditions
and rapid growth, as well as the design of plots to the optimization of rainwater and soil control
(Guzman 2004).
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broader sense, they can become disruptive to both the landscape and the social
structures where they are implemented.

Peasant production systems, especially those of family structure, of a cyclical
and seasonal nature, reflect a historical process of adaptation to the ecological con-
ditions and of adaptation of productive modes: an answer to the conditions of arid-
ity. The opposite model is one based on maximization of sustained productivity,
aimed at international market demands. So far, in this region both models of food
production coexist. In the “altiplano,” the development of the industrial agricultural
model, where intensive production and monoculture practices predominate, was
enhanced owing to the guidance of businessmen from other regions, electrical
energy subsidies, and increased road interconnection (Maisterrena and Mora 2000).

The valuation of an area of “conjuncture agricultural” implies its complete
appropriation to maximize productivity in the short term and, after the depletion of
local resources, the abandonment of lands (Macias-Macias 2008). Excessive pres-
sure for irrigation sowing and the use of greenhouses results in a combination of
effects due to high energy consumption (Salazar et al. 2012), overexploited aquifers
(CONAFOR-UAch 2013), and abandonment of infrastructure, which accumulates
as scrap. Altogether, this affects the forms of production of family nuclei, and even
the alteration of the hydrological cycle of the area (Maisterrena and Mora 2000).

Energy Overproduction Projects

The intensive use of renewable resources such as solar and wind energy leads to the
erroneous impression of the absence of limitations for their implementation as a
source of energy production. Hidden social and environmental costs in (1) its pro-
ductive chain and (2) energy overproduction are blurred.

Although the operation of alternative energy technological devices does not gen-
erate greenhouse gas (GHG) emissions, it is necessary to consider the energy and
material extraction costs for their production. In a particular way, the manufacture
of photovoltaic solar cells (PVSC) uses various chemical compounds and elements
(cadmium, lead, arsenic, and nickel) cataloged as toxic. Used on a massive scale,
they are highly unhealthy for the local habitat, and they have even provoked dissat-
isfaction with the establishment of production factories (Aman et al. 2015; EJATLAS
n.d.). In addition, the production of batteries in PVSC requires a large amount of
energy and raw materials (Tsoutsos et al. 2005).

The average lifetime of a solar panel is between 20 and 40 years. Final disposal
has harmful implications if the necessary precautions are not taken. Thus, this elec-
tronic waste may represent a challenge. Another drawback is maintaining solar pan-
els free of dust and dirt generated by cattle grazing or wind, which requires a variety
of dust suppressants, considered dangerous, which are a risk factor for polluting
surrounding and underground waters (Aman et al. 2015).
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On the other hand, it has been documented that the impact of wind turbines in the
life of birds and bats varies widely. They are highly dependent on the characteristics
of the environment (weather conditions, topography, and seasonality), the species
of organisms under study (mobility, density, and behavior), and wind park design
(size, alignment, and rotor speed) (Drewitt and Langston 2006; NWCC 2010). It is
necessary to highlight the particularities of the contexts where they have been
observed, rather than focusing on all those cases that have not shown significant
impacts. The main direct causes of death are collisions and, in the case of bats,
pulmonary barotrauma (Baerwald et al. 2008). The displacement of birds due to
visual interference and disturbance of habitats, the interruption of connectivity
between areas of feeding, resting, and distant reproduction, can represent an effec-
tive loss of habitat (Drewitt and Langston 2006). Species with a long lifespan and
low reproduction rates, migratory behaviors, those under some protection status, or
even those we know very little about® may be particularly vulnerable.

Both turbines and PVSC require the clearing of vegetation cover and the removal
of soils, as well as the opening of roads for their construction and the installation of
electric conduction lines, which negatively affect the native vegetation and the wild-
life. This is because it contributes to displacement and loss of habitats, increased
soil erosion, and the loss of nutrients contained therein, disturbs natural drainage
and irrigation systems, and causes the fragmentation of the landscape, creating bar-
riers for the flow of organisms (Aman et al. 2015; Zaldda 2012; Herndndez et al.
2014; Santos et al. 2018).

If environmental costs are difficult to measure, more so are those social and cul-
tural impacts, many of which also have no monetary value and are not susceptible
to mitigation. The social dimension implies all those impacts for the well-being of
people: their environment, the land, the community, the livelihoods, and the culture
(Huesca-Pérez et al. 2018). It is evident that the implementation of these systems in
an area of natural beauty or biocultural value will generate visual impacts on the
landscape (Tsoutsos et al. 2005).

Regarding the second point, despite the increase in the contribution of renew-
able sources in the production of electricity in Mexico, mainly wind in the last
decade,” the total supply of primary energy, including sources such as coal, natural
gas, and oil, has also sustained an increase (Fig. 6.1). The final balance translates
into a net increase in energy sources and, consequently, a greater consumption of
total energy and its corresponding emissions. Under a scenario of forced modern-
ization, the energy harvest that is carried out contributes to a model of economic
development that increases its productive capacity, based on the increase in energy
appropriation.

3 Garcia-Morales and Gordillo-Chévez (2011) report that knowledge about bats in the arid and
semi-arid zones of San Luis Potosi is scarce, due to the lack of continuous and systematic
studies.

*The participation of the generation of electric power for the wind in 2016 was 3.2% and the solar
energy of 9.6%, with respect to the total sources; but if only renewables are considered, their con-
tribution is 16.7% and 5.7%, respectively (IEA n.d.).
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Fig. 6.1 Total supply of primary energy according to source. Mexico 1990-2006. Source:
Prepared by the authors based on International Energy Agency (n.d.)

Final Considerations

Starting from the fact that the lack of a systemic vision in the past has led to serious
and unforeseen environmental and social effects, we consider the following:

Energy production projects and high-productivity horticulture are introduced
into a landscape whose socio-ecological system has faced intense socio-economic
pressures in recent decades, leading to multiple processes of degradation of the
socio-ecological system of the “altiplano,” pointed out here through the different
landscape disruptions. Then, it generates a marginalized periphery of small produc-
ers, affects the biotic and abiotic resources of the place, and denies the possibility of
maintaining alternative forms of production where, under the dominant economic
discourse, resources are wasted.

It is important to act in response to the indicators that the region shows: scarcity
and contamination of water sources and soils, saline intrusion, and reduction of
grazing conditions. This complex scenario integrates new factors such as the imple-
mentation of devices to produce renewable energies, which requires a careful bal-
ance since, from a sustainable development perspective, it should not undermine the
environmental or biocultural heritage conditions that the communities harbor or the
future enjoyment thereof.

Systemic complexity of this landscape requires studies that allow us to approach
the possible impacts, which will not necessarily be linear and cumulative, where the
transformations, beyond being the sum of several individual development projects,
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imply a disruption of the landscape and the socio-ecological system at different
levels.

However, there are aspects that cannot be technically or scientifically evaluated
(Martinez 2006). Therefore, decisions on the transformation of the landscape (func-
tional, esthetic, and symbolic changes) cannot be taken in the margin of the com-
munities that historically have shaped the existing socio-ecological system. In this
sense, intercultural communication can provide tools for better representation in
decision-making.

In short, we propose an articulation of two analytical components for the study
of drylands, landscape, and socio-ecological systems, to gain a greater understand-
ing of the complexity of these systems and the transformation processes that they
undergo. Thus, this work is a preliminary approach of a more extensive research.
Then, we identify the need to develop further research that analyzes these issues in
greater depth and exposes the impacts that occur at different scales and, mainly,
highlights the biological and cultural loss triggered by the so-called modernizing
processes.

Finally, the interest of this chapter is to outline some of the needs of a research
agenda that crosses different spheres of knowledge, and integrates their components
in an analysis of the consequences facing the transformation of drylands and the
alterations they generate in the landscape and the socio-ecological system. Despite
the discourses in favor of modernization that does not necessarily mean improve-
ment for the inhabitants of the impacted areas, the main issue here is to focus on
changes which can be irreversible in the ecosystem and its cultural components.
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Abstract The drylands of the Global South are facing challenges from human
population growth, unsustainable land-management practices, and climate change.
Such problems are complex and can no longer be adequately addressed using tradi-
tional, top-down means. Rather, increased reliance on public participation is needed
to better identify key research questions and interventions that promote positive
change. Major actors in these approaches would include communities, applied
researchers, outreach agents, policy makers, and planners working in tandem. The
process involves embracing “engaged research” within a framework of an “innova-
tion system”—referred to here by the acronym ERIS. Such concepts have recently
gained acceptance, and now is the time to implement them. Project donors are key
to this transformation of applied research and professional practice because they
can provide incentives. ERIS projects must be long term with a diversity of prag-
matic and transdisciplinary scholarly achievements. An ERIS platform for inter-
project coordination could be part of a comprehensive Agadir platform. The main
option to institutionalize ERIS approaches is via policies that alter how government
agencies and their stakeholders work together.

Keywords Action research - Engaged research - Extension - Community-based
research - Innovation systems - Outreach - Participatory rural appraisal -
Participatory policy making - Participatory planning

Introduction

The objective of this chapter is to provide a concise overview of participatory
perspectives as they pertain to the science, management, policy making, or planning
for improved stewardship of dryland socio-ecological systems (SESs) in the Global
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South. The term “participation” primarily refers to the active inclusion of dryland
inhabitants (e.g., community members) into processes that seek to improve their
lives. This inclusion is long overdue. The past has been characterized by too many
“top-down” efforts where little input is obtained from resource users or project ben-
eficiaries. This situation has discounted the immense value from knowledge and
experiences of local people. Heavy reliance on top-down approaches has often led
to the wrong research questions being addressed, wasting of limited resources, loss
of valuable time, and lack of trust-building between communities and change
agents. The irony is that applied scientists, outreach agents, and policy makers
sincerely hope their work will lead to positive and practical impacts on humanity,
but the previous ways of working reduce the likelihood this will occur. Only by
embracing participatory approaches will such odds improve. The chapter begins
with a brief overview of participatory methods and how these have evolved over
time. The chapter concludes with some thoughts as to how participation might help
shape a new era of dryland science and stewardship.

Why does the science and stewardship of drylands in the Global South need to
change? The answer is simply that the inhabitants of drylands are being increasingly
marginalized and the sustainable use of dryland landscapes is increasingly under
threat (MEA 2005). The drylands are also becoming warmer and drier due to cli-
mate change (Huang et al. 2017). Dryland systems are thus ripe for destabilization
via increased resource competition, social conflict, and decline in traditional gover-
nance (Coppock et al. 2017). One scenario is that a rural exodus from the drylands
will occur, overburdening infrastructure elsewhere that is ill-equipped to cope.

Background of Participatory Thought and Methods

The Land-Grant Model in the US: Using Extension to Connect
Research with the Public

Public tertiary education in the United States of America (US) offers a template to
understand the historical interplay between research, outreach, and the public. This
template has evolved over the past 160 years. Current trends suggest that research
and outreach will become increasingly connected as universities strive to enhance
their relevance to society by addressing a growing diversity of issues. The land-
grant university system in the US started in 1862 as a way to make college education
more accessible to American citizens.! Today there are over 100 land-grant schools,
and they embrace a mission focused on teaching, research, and extension (e.g., pub-
lic outreach). The extension component was intended to connect applied research
with societal needs. Special attention was given to improving agriculture in rural
areas. The extension agent would identify problems with producers, and then serve

Thttps://www.nap.edu/read/4980/chapter/2.
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Fig. 7.1 Diagram of
connections among applied APPLIED RESEARCH
researchers, the extension
service, and the public in a
traditional land-grant model
(Source: D. L. Coppock)

'PUBLIC

as a link to researchers back on campus who would develop technologies or man-
agement practices to solve problems. Extension would complete the loop by taking
new innovations back to producers for local testing and adoption (Fig. 7.1).

While input from agricultural producers was always essential to this process, it
is fair to say that the extension system, in general, could drift toward a “top-down”
orientation. Experts would provide tools and techniques to improve productivity on
farms and ranches, and producers were often viewed as somewhat passive partici-
pants eager to adopt innovations (Rogers 2003). The process was not always smooth,
however. Adoption of seemingly beneficial new technologies could be difficult.
Numerous barriers to rapid uptake were identified, ranging from the cultural to eco-
nomic or environmental. An excellent example is the long time it took to achieve
widespread use of improved corn varieties in lowa starting in the 1940s; this and
other situations are well-summarized by Rogers (2003). Despite numerous chal-
lenges, the fundamental structure and function of the land-grant extension system
appeared sound, however, as evidenced by the positive performance of American
agricultural systems.?

Land-grant schools have evolved by diversifying their core mandates, with fund-
ing sources shared by state and federal sources. Academic curricula have been
greatly expanded and faculty now compete for a growing array of research opportu-
nities via contracts and grants. The traditional applied research/extension compo-
nent has become a smaller part of university activities overall, although still
politically important given the need for schools to demonstrate connectivity with
rural constituencies. And by the 1990s priorities for extension began to fundamen-
tally change as client populations became more urban and problems shifted from
agricultural productivity to a wider spectrum of social and economic issues.?
Extension also began to actively critique itself, noting the difficulties in demonstrat-
ing impact among diverse target groups and contemplating new ways of working.*

2https://www.usda.gov/sites/default/files/documents/history-american-agriculture. pdf.
3https://nifa.usda.gov/cooperative-extension-history.
“https://www.nap.edu/read/5133/chapter/7.
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New Approaches Linking Research with the Public in the USA

There is growing awareness at American colleges and universities that public engage-
ment matters in ways that go beyond the traditional roles of teaching or extension. In
essence, academic leadership is questioning how universities can regain public trust
that has been eroded due to perceptions that campuses have become insular environ-
ments. As a case in point, schools across the US have recently embraced the concept
of the “engaged university,” whereby researchers and educators partner with local
communities in processes of mutual learning and problem-solving. The emergence
of engaged scholarship recognizes that academic expertise can be valuable for soci-
etal problem-solving (Whitmer et al. 2010). As an offshoot of this momentum,
“engaged research” is recognized as an advanced expression of community-based
involvement (Fig. 7.2). As with the highly respected Carnegie systems for classifying
universities with reference to teaching or research prowess,> Carnegie is now pursu-
ing classifications based on public engagement metrics.® Making public engagement
a pervasive reality for universities, however, requires that academics are rewarded for
efforts that go beyond traditional aspects of teaching, research, and professional ser-
vice.” Transaction costs of working in transdisciplinary teams, and confronting the
risk exposure inherent with public involvement,® are added burdens that must be
recognized and compensated for if public engagement is to thrive (Whitmer et al.
2010). Evidence suggests that knowledge created through engaged research is more
likely to be socially acceptable, policy relevant, and influence favorable environmen-
tal outcomes (Overdevest et al. 2004).

BASIC
RESEARCH

Fig.7.2 A research continuum that represents stages of immediate relevance to society. Basic and
much of applied research can occur with minimal public engagement. Knowledge-to-action
research deals with fine-tuning a process of generating innovations where public input is focused
on problem identification. Engaged research, in contrast, is where public input constitutes more of
a continual partnership from problem identification to full implementation of a solution (adapted
from concepts in Whitmer et al. 2010)

Shttp://carnegieclassifications.iu.edu/definitions.php.
®https://compact.org/initiatives/carnegie-community-engagement-classification/.
"https://www.chronicle.com/article/But-Does-It-Count-/147199.

8 Uncertainty of outcomes—a fact of real life—is a major risk of public engagement with regard to
the number or types of research products generated. The traditional research model is one where
specific publication outputs are essentially promised by grant recipients. In contrast, researchers
must be more flexible when conducting engaged research because the content or types of key
publications may not be accurately predicted. The key is to build added flexibility into grant pro-
posal outputs.
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Examples as to how academia is moving toward greater public engagement come
from diverse sources. These include public sociology (Feagin et al. 2015) and pub-
lic history (Cauvin 2016) that advocate study in pursuit of social justice. Connecting
the public with biophysical research includes citizen science, whereby laypeople
are recruited to collect data on research projects in a form of social inclusion and
empowerment (Cavalier and Kennedy 2016).

Linking Research with the Public in the Global South

Given the massive challenges limiting the growth of crop and animal agriculture in
the Global South, it is ironic that strong, integrated systems of applied research
with extension have still not emerged to a significant extent. A general lack of
financial resources and the need for institutional reforms are two reasons why this
situation has occurred.” Applied research has typically been conducted via govern-
ment agencies or at international centers,'” while extension has often been dele-
gated either to other governmental or non-governmental organizations (GOs,
NGOs). Applied research conducted by government is often restricted to field sta-
tions where experiments can be conducted, but replication of on-farm conditions is
limited. Universities typically do not play a role in fostering agricultural extension
services in the Global South, as few (if any) systems similar to the US land-grant
model have been created.

In any case, when they exist, extension agents in the Global South may struggle
in terms of effectiveness and having sustained, positive impacts on producer com-
munities.!! Lack of budget to regularly interact with producers is a common prob-
lem, negatively affecting transportation and other operational needs; this is
especially evident in the under-resourced drylands. Extension agents often follow a
“top-down” approach where input from beneficiaries is typically minimal in shap-
ing the extension agenda. Beneficiaries are often seen as passive recipients of exten-
sion technology or information. In some countries government extension can even
be politicized, with extension agents spending time indoctrinating clients on politi-
cal matters in addition to filling their role as providers of technical advice. The
NGOs—both national and international—usually have more financial resources
than the GOs, but the former also have mixed records of success. The development
agenda pursued by NGOs can also be “top down” in that they advocate for the pri-
orities of their international donors who may have little knowledge of on-the-ground
realities (Derr 2018). In addition, NGOs may have few (if any) open lines of

“http://www.fao.org/3/a-y2709e.pdf.

10Such as the Consortium of International Agricultural Research Centers (CGIAR). https://www.
cgiar.org/.

D. L. Coppock, personal observations.
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communication with the research-based programs of government or the interna-
tional centers.'?

Farming Systems Research and Extension One response to this research/exten-
sion gap in the Global South began in the 1970s. It was called Farming Systems
Research & Extension (FSR&E). The FSR&E approach was somewhat of a re-creation
of the traditional land-grant extension model, although more attention was given to
tighter, collaborative feedbacks among researchers, extension agents, and produc-
ers. This occurred due to the recognition that expatriate personnel were typically
less familiar with the details of small-farm agricultural problems in foreign lands.
Manuals were generated summarizing FSR&E approaches (Shaner et al. 1982).
While the FSR&E perspective once supported peer-reviewed journals and annual
meetings, the general trend has been for FSR&E to evolve into other interrelated
forms of inquiry. A history is provided by David Norman."® The FSR&E perspec-
tive has been very interdisciplinary, as is required for real-world problem-solving.
This was groundbreaking for its time.

Participatory Rural Appraisal (PRA) Perhaps the best known critiques of the
challenges associated with “top-down” diagnosis of rural problems in the Global
South were forwarded by Robert Chambers (1983). Chambers illuminated many
disconnects between the world of “development experts” and the needs of the rural
poor. He noted that the knowledge held by local communities was largely ignored
by experts, contributing to widespread failures of development projects (Fig. 7.3).
Chambers is also recognized as the author of one of the most influential synthesis
papers describing participatory rural appraisal (PRA; Chambers 1994). The PRA
process is an approach that challenges the top-down model by providing mecha-
nisms for sharing power and experiences between experts and community members
in the co-production of new knowledge. As with FSR&E, the PRA approach was a
consolidation of diverse perspectives that responded to the “extension gap” evident
for developing nations. Procedures for PRA and related techniques are summarized
in various field manuals'* and scholarly texts (Narayanasamy 2009).!5 A concise
review emphasizing research applications for PRA is provided by Coppock (2016).

The PRA process is generic in the sense that it can be effectively used to guide
development interventions or identify priority research questions. The main focus

2 There are exceptions to this rather bleak picture, however. There are some cases where, in the
course of annual performance reviews, government researchers may receive tangible incentives
when their research has demonstrably led to impact on communities. This can foster stronger
interactions among researchers, extension agents, and producers (D. L. Coppock, personal
observations).

3 https://www.researchgate.net/publication/251791709_The_farming_systems_approach_A_
historical_perspective.
“https://financiamentointernacional.files.wordpress.com/2013/12/manual-de-formac3a7c3a3o-
de-formadores-em-gestc3a3o-de-projectos.pdf.

SPRA has also subsequently morphed into several other, but closely related, forms of community-
based analysis and intervention.
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Fig. 7.3 Development experts or scientists (standing, enlarged) impose their vision of change over
local community members (sitting, reduced) illustrating an imbalance of power. Because the
knowledge or circumstances of the locals is often ignored, the resulting project can have limited
impact (Source: D. L. Coppock)

of PRA is to identify the key, solvable problems in a community and then devise a
community action plan (CAP) to pursue sustainable solutions. The CAP lays out the
pathway for change and identifies the human, technical, and financial resources
needed to move forward.

While the PRA approach has been adapted to fit a variety of circumstances, the
core toolkit involves about a dozen elements. A thorough PRA can be typically
conducted in about five days. The toolkit elements include analyzing: (1) Maps of
local landscapes and key resources; (2) timelines of important historical events; (3)
seasonal activity calendars; (4) wealth class dynamics; (5) gendered activities; (6)
sustainability of livelihoods; and (7) institutions (formal and informal) that affect
community well-being. The cornerstone of the process is a community-based rank-
ing of priority, solvable problems using matrices. Matrices compare each major
problem with every other major problem in terms of perceived costs and benefits.!®
The time needed for problem identification through solution implementation can
take months or years (Coppock 2016).

Group dynamics are diverse and can be tailored to each PRA situation. Methods
include the use of plenary opening and closing gatherings that involve as many
community members as possible; this helps ensure that awareness is raised and
surprises are avoided. Smaller breakout groups can be used to focus on details of
problems or solutions; they can also be conduits for input from marginalized people
unwilling to speak in larger assemblies (Fig. 7.4). In-depth interviews of key infor-
mants can also supplement the process, as needed. In general, change agents—
whether they be researchers, outreach staff, policy makers, or planners—are only
observers. They can provide expert feedback when the priority problems or CAP

10While any solvable problem can emerge as a priority from a PRA, recent experiences in Africa
and Asia regarding community adaptation to climate change often end up focused on water issues
(D. L. Coppock, personal observations).
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Fig. 7.4 Community focus group held as part of a participatory rural appraisal (PRA) process in
Nepal. The project concerned helping communities adapt to climate change (Divakar Duwal in
Coppock 2016)

details are under debate. It is best if an independent third party—with skills managing
group dynamics—provides the facilitating functions. Community members or
others suspected of wanting to hijack the process for personal benefit can be side-
lined in creative ways (Coppock 2016).

Participatory Action Research (PAR) Another movement involving participatory
approaches began in the 1970s and 1980s. One thread emanated from Latin America
(Bonfil 1970; Friere 1970; De Silva et al. 1979; Fals Borda 1979), while another
occurred in the US (Whyte 1989). The emergence of PAR was in response to the
need for problem-solving in diverse sectors including public education, public
health, agricultural development, and industrial management. Like FSR&E or PRA,
PAR is a process whereby researchers or other change agents work closely with
project beneficiaries. The PAR approach in general involves a series of iterative
steps shown in Fig. 7.5. The process continues until final interventions are imple-
mented. Some of the voices advocating for increased use of PAR have been American
sociologists seeking new frontiers and intellectual challenges for academic social
science (Greenwood and Levine 2007). Both PRA and PAR can be combined. A
PRA provides a problem diagnosis, while PAR can provide the details (sometimes
via conventional research) that support creation of new technology, management
systems, or policy interventions needed to solve a problem (Derr 2018).

Innovation Systems (IS) A more recent area of participatory inquiry is called “inno-
vation systems” (Roling 2009; Waters-Bayer et al. 2009). An IS can be defined as a
multiple-stakeholder, problem-solving partnership. While this sounds similar to PRA
or PAR, an IS differs because it is larger and more diverse in scope (Table 7.1). Creation
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Fig. 7.5 The iterative
nature of participatory
action research (PAR)
(Coppock 2016)

OBSERVE
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Table 7.1 Comparisons of participatory rural appraisal (PRA), participatory action research
(PAR), and innovation systems (IS) in the context of research and development projects in the
southern Ethiopian rangelands, 1997-2015 (Coppock et al. 2009; Coppock 2016)

Scale PRA PAR 1S

Organizational | Several communities, | Several communities, | Dozens of communities,
change agents, and change agents, and scores of change agents,
institutions institutions and scores of institutions

Spatial Local Local Local, regional, international

Temporal Upto 1 year Up to 3 years Up to 10 years

of a successful IS requires centralized leadership and vision. Use of IS in rural, agri-
cultural contexts has been limited (Sanginga et al. 2009). More long-term field testing
and team learning must occur before best practices can be verified. As with PRA or
PAR, advocates for IS affirm that creative solutions for problem-solving require co-
production of knowledge from among diverse stakeholders (Waters-Bayer et al. 2009).
A good dryland example of using an IS can be found in Coppock et al. (2009).

Problem solutions discovered using an IS may not be rooted in new technology,
but rather in policies or processes that empower people by building human or social
capital. An example of a change process from southern Ethiopia illustrates how
pastoral women were empowered to improve household resilience by reducing pov-
erty (Fig. 7.6). Each step required a different disciplinary lens as well as a different
suite of facilitating IS actors. An IS can thus promote transdisciplinary work.

A successful IS should be a long-term commitment because trust and learning
pathways need to be established among stakeholders. While what constitutes “long
term” is open to debate, it certainly is longer than the three-year grant periods that
typically characterize donor programs. An IS will have a life cycle (i.e., birth, growth,
death; Coppock et al. 2009). Stakeholder incentives are needed to maintain an IS."

7An IS supporting a pastoral women’s empowerment program in southern Ethiopia existed for
10 years. The IS grew from a few members in 1999 to a peak of 70 by 2006, and then declined as
activities wrapped up by 2009 (D. L. Coppock, personal observations). Once project funding
ended after 2009 the IS quickly disappeared. Collaboration thus depended on funding incentives.
The good news is that the women’s empowerment program endured. The IS thus played an essen-
tial—but temporary—role in this capacity-building process. It is also noteworthy that for this proj-
ect it was never originally planned to create an IS, it simply happened out of necessity to create a
development pathway. Each actor in the IS was needed to help create the final product.
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FORGE LINKS
TO MARKETS

Fig. 7.6 Example of a stepwise capacity-building approach for pastoral women’s groups in south-
ern Ethiopia. Each step required different disciplinary perspectives. From the bottom up: Sociology
(diffusion of innovations), non-formal education, micro-finance, small-business management,
livestock production/livestock marketing (Coppock 2016)

A successful IS also requires an operating platform for coordination and com-
munication (Sanginga et al. 2009). A platform would organize relevant actors to
facilitate sharing of information and provide frameworks for reporting, analysis,
and planning. Hubs could be nested according to regional locations, and stakehold-
ers could be networked according to local, regional, national, or international
domains.

Public Participation, Policy Making, and Planning

In a new era for dryland science and stewardship, engaged research leads to techni-
cal, management, or policy interventions that are climate-smart and help make com-
munities more sustainable. This could be at local or regional scales. Outreach or
extension are processes that directly inform research and make research products
more useful and relevant. It is thus obvious that engaged research requires strong
connections to outreach or extension.

What is less obvious, however, is that policy making and planning should also be
part of an integrated process from the start. For example, integrated research and
outreach can identify needs for policy changes that govern the use of innovations.
Policy recommendations can therefore emerge from engaged research. The chal-
lenge is to do research or outreach that is relevant to policy and planning; this hap-
pens by bringing policy makers and planners into a project loop at the beginning.
Researchers, outreach practitioners, or community members may otherwise only be
dimly aware as to how national policies or regional plans affect current or future
circumstances for their projects.
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The formulation of public policy is an essential government function to address
societal challenges (Birkland 2016). Policy-making steps include: (1) Identifying
priority problems; (2) shaping potential policy solutions to solve priority problems;
(3) legitimizing policy prescriptions via public input or legislative processes leading
to laws or regulations; (4) implementation of laws or regulations; (5) re-evaluation
of implemented laws or regulations; and (6) maintenance, succession, or termina-
tion of policies as needed. In wealthy democracies recent trends suggest that policy
makers are more actively engaging the public today—this also helps to educate
policy makers (Gramberger 2001; Priscoli 2004).

Public planning includes environmental, land use, regional, urban, and other
infrastructural domains (Kelly 2010). Planning consists of processes that integrate
activities or investments required to achieve desired public policy goals. Mainstream
planning has been evolving in the US to conduct research and be more inclusive in
obtaining diverse sources of public input, also helping to educate planners (Umemoto
2001; Forsyth 2012). Planning is related to forecasting, where alternative future
scenarios for a society can be compared with respect to goal achievement. In the
context of the drylands, planning plays vital roles with respect to transportation
networks, water resources, marketing infrastructure, telecommunications, energy
use, or managing human populations.®

In wealthy democracies with well-educated citizens, both policy making and
planning have significant avenues for public input. This includes voting to elect
policy makers or use of face-to-face meetings or electronic means to solicit stake-
holder input.'® In some nations of the Global South, however, democratic processes
may be muted and wide communication gaps between government and citizens may
occur. Policy making and planning can thus largely be top-down processes in such
situations.”® There are exceptions, however. Valencia-Sandoval et al. (2010) used
participatory methods to plan for sustainable community landscapes in Mexico.

8Eastern Africa provides good examples of the potential transformation of dryland economies
with respect to recent investments to improve road and rail networks (https://thediplomat.
com/2019/01/the-chinese-railways-remolding-east-africa/). Such infrastructure will promote
many aspects of pastoral development. In addition, Ethiopian planners are preparing for an antici-
pated exodus of farmers to urban locales as a result of rural overpopulation and climate change.
Plans include designing intermediate settlements to attract and retain migrants before they reach
congested, big-city destinations where many public services are already overwhelmed (http://
www.spiegel.de/international/tomorrow/ethiopia-plans-to-build-8000-new-cities-in-countryside-
a-1197153.html).

“While planning is often associated with urban settings, US federal agencies have long incor-
porated participatory public planning into rural conservation and management efforts involving
federal lands or federal funds. Examples of federal planning efforts include the National
Environmental Policy Act (NEPA; https://www.epa.gov/laws-regulations/summary-national-
environmental-policy-act). The Environmental Protection Agency (EPA) has established best
practices for public participation (https://www.epa.gov/international-cooperation/public-
participation-guide-introduction-public-participation).

2D. L. Coppock, personal observations.
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Synthesis

A United Approach

ERIS In general, the advantages of integrating more public participation with
applied research, outreach, policy making, and planning are self-evident. A height-
ened utility of project outcomes or impacts should improve dryland stewardship.
This unified approach can be consolidated as “Engaged Research within an
Innovation System,” or ERIS for short.

Process Comprehensive approaches like ERIS to integrate the various actors—
from community members to researchers, outreach agents, development specialists,
policy makers, and planners—should be a key feature of a new way of working in
the dry lands. All of these people (and associated institutions) should be part of a
multi-layered process when a project begins (Fig. 7.7). Operational steps can then
include:

* Basic or applied research (Fig. 7.2) supplies background information on impor-
tant systemic features such as climate change forecasts or population
projections;

* Inventories of key policies and planning efforts provide additional systemic
background;

Fig. 7.7 Diagram of major actors in an engaged research/innovation system (ERIS). Such a
framework can potentially have several more layers of actors to achieve a complex goal (D. L.
Coppock)
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* An initial membership of an IS can be identified;

* Community engagement begins with PRAs that are conducted across multiple
locations; this can reveal patterns in priority problems and generate hypotheses.
Refinement of potential problem solutions can be assessed across multiple loca-
tions using PAR. Once major issues are clarified, an expanded membership of an
IS can be proposed;

* The research process can then morph into other forms of hypothesis testing, fol-
lowed by a knowledge-to-action mode and/or an engaged research mode
(Fig. 7.2). Feedback loops are solidified to better connect the evolving roster of
the IS;

e Local or regional partnerships within the IS can be expanded depending on
resources and emerging needs; and

* Multiple IS across regions or nations can be connected via a central coordinating
platform; this expands the possibilities for supra-regional or international part-
nerships, further enlarging the scope for information sharing—and hence
impact—within any given IS.

Potential Pitfalls

While the process of creating an innovation system appears straightforward, in real-
ity it can be difficult (Coppock et al. 2009). First, there usually are no traditions for
the various actors to work closely together, and the transaction costs of doing so can
be a deterrent. Second, lack of continuity among participants is a common chal-
lenge. Rapid turnover among key personnel leads to a revolving door; the project
then incurs added costs to recruit and educate new participants. Third, the afore-
mentioned short funding cycles rarely afford enough time to get sufficient momen-
tum to achieve impact. Fourth, inadequate funding levels can undermine collaborative
partnerships given that incentives matter. Some of the most acute trade-offs would
be felt by scientists given that research traditions typically have not involved the
public (Table 7.2). Benefits to researchers from public involvement could increase
if institutional reward systems recognize the value of engaged research (Whitmer
et al. 2010).

Table 7.2 Differences between participatory and conventional research methods in the context of
community-based problem-solving (Coppock 2016)

Topic Participatory research Conventional research
Research innovation Higher Lower
Publication output Lower Higher
Problem-solving Higher Lower
Funding required Higher Lower
Transaction costs Higher Lower
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Conclusions

If we are to achieve improved project performance in the context of a new era in
dryland science and stewardship, use of an approach like ERIS is needed. The
ERIS perspective can also make a large contribution to promoting transdisciplinary
work to foster problem-solving for dryland social-ecological systems. Donors are
key to such efforts because ERIS-type projects must be longer in duration and
broader in scope than what has typically been supported in the past. This requires
greater donor patience and larger funding commitments to incentivize and sustain
the ERIS process. Similarly, institutions that contribute personnel to ERIS-type
efforts must recognize the value of community-based work and reward the adher-
ents accordingly. An ERIS platform for inter-project coordination could easily be
part of a comprehensive Agadir platform (see Chapter 13, this volume). Successful
implementation of a multi-national ERIS requires visionary leadership and commit-
ment to detail. The main way to institutionalize ERIS-type approaches starts at
regional or national levels with policies supporting changes in how government
agencies and their stakeholders work together.
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Chapter 8

Spatial and Temporal Analysis

of Precipitation and Drought Trends Using
the Climate Forecast System Reanalysis
(CFSR)

D. A. Martinez-Cruz, M. Gutiérrez, and M. T. Alarcon-Herrera

Abstract Determination of spatial and temporal patterns of precipitation and
drought remains a challenge in many arid and semi-arid regions. Generally, in these
areas, precipitation measurements obtained from field stations are few or unreliable.
Reanalysis precipitation data has opened up new large-scale hydrological applica-
tion in data-sparse or ungauged catchments. This study presents a method based on
GIS, statistical tests, and satellite-based precipitation for the analysis of spatial and
temporal precipitation and drought trends. As a case study, we used 35 years (1979—
2013) of precipitation data from the climate forecast system reanalysis (CFSR) for
the Mexican state of Durango. For trend detection, we used the statistical test of
Mann—Kendall at 5% standard precipitation index timescale of 12 months (SPI-12)
to analyze the spatiotemporal trends of drought, and principal component analysis
(PCA) was applied to characterize the spatial patterns. In many of the grid locations
analyzed, the precipitation trends were not statistically significant. However, the
months within winter and spring, except for June, showed a decreasing trend in
precipitation, while the months of July, August, and September showed an increas-
ing trend. This variation in rainfall intensity agrees with the climate pattern reported
for this region. The frequency of drought events for each month during the period of
analysis was mapped. The incidence of drought events was higher in June and
September. Drought events are present all around the state of Durango, but they are
more frequent in the northern part, in the Sierra Madre Occidental, Mapimi, and
Laguna regions.
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Introduction

Detailed temporal and spatial trend analysis of precipitation is essential to supply
useful and reliable information to water managers. This analysis provides detail on
how much rain falls, and also its intensity, temporality, and variability. This infor-
mation can be applied in agricultural planning, flood frequency analysis, flood haz-
ard, hydrological modeling, and water resource assessment (Gallego et al. 2011).
Precipitation can be measured by gauge observations, weather radar observation,
and remotely sensed observation (Ashouri et al. 2016). From these, gauge stations
are subject to major limitations, including sparse network observations, complex
terrains, interrupted/limited data monitoring records, instrumental error, and, espe-
cially in the case of developing countries, the lack of equipment and limited funds
(Vu et al. 2018).

An alternate way to obtain an estimation of precipitation in areas where rain
gauge data are scarce or uncertain is radar observations. Hydrological studies based
on radar data solve some of the problems associated with gauge measurements by
discriminating different forms of precipitation such as hail, snow, and rainfall and
by determining the appropriate relationship between radar reflectivity and rain rate,
storm, and rainfall. They are however available only in limited land regions (Fuka
et al. 2014).

Satellite remote sensing and reanalysis techniques have gained more attention
recently, because of their ability to provide continuous and high-resolution precipi-
tation estimates at a quasi-global scale, and by not being limited by topography
(Gao et al. 2012). Reanalysis data are an important source of high quality data for
analyses of precipitation of the current situation and past conditions (Chen and Han
2016). The reanalysis dataset is obtained by combining advanced forecast models
and data assimilation systems to create global datasets of the atmosphere—land sur-
face and ocean. The climate forecast system reanalysis and reforecast (CFSR) prod-
ucts are available hourly and with a resolution of up to 20 s, horizontal of 0.5°
latitude x 0.5° longitude (Saha et al. 2010). The National Prediction Center (NCEP),
The National Center for Atmospheric Research (NCAR), and the National Oceanic
and Atmospheric Administration/Climate Diagnostics Center (NOAA/CDC) devel-
oped data from the numerical model NCEP/NCAR Reanalysis. These are available
at the levels of 2.5° latitude by 2.5° longitude (278.3 km by 278.3 km) (Kistler et al.
2001). The Japanese Meteorological Agency (JMA) also has its reanalysis data-
bases: the JRA-25 (Japanese 25-year Reanalysis)—JCDAS (JMA Climate Data
Assimilation System) and the JRA-55 (Japanese 55-year Reanalysis) (Kobayashi
et al. 2015).

In the state of Durango, Mexico, an arid to semi-arid climate predominates and
drought events are common. This climate contributes to the scarcity of water
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resources and compromises the sustainability of the socio-ecological systems of the
region. The analysis of documented droughts could help provide an early diagnos-
tic, identify the zones facing a higher risk of drought, and provide the information
needed by management programs to cope with its adverse effects. Currently, geo-
graphic information systems (GIS) and remote sensing (RS) have been fundamental
in studying different types of hazards, either natural or anthropogenic. This study
emphasizes the application of RS and GIS in the field of drought risk evaluation to
better understand the spatial and temporal variability of rainfall and drought trends
over these predominantly arid and semi-arid zones with otherwise limited precipita-
tion (gauging) data.

Materials and Methods

Standardized Precipitation Index (SPI)

McKee et al. (1993) developed the standardized precipitation index (SPI) to define
and monitor droughts (Ghosh and Mujumdar 2007). In the last decade, the SPI
became the most popular drought index, based on its theoretical development,
robustness, and versatility for drought analysis (Rivera and Penalba 2014). The SPI
represents the number of standard deviations from which a precipitation value is
above or below the climatological average of a particular location. For the calcula-
tion of the SPI, the accumulated rainfall series on different timescales are divided
into 12 monthly series, which are adjusted to a theoretical probability distribution
that represents the variations of rainfall in the study region. In this study, the two-
parameter gamma distribution was used because of its known capability for model-
ing the variability in precipitation of long-term rainfall series in semi-arid zones of
Mexico (Mosifio Alemén and Garcia 1981). The gamma probability distribution of
two parameters is described by Comtois (2000) as:

X e
g(x)—m x,a,ﬁ>0 (81)

where I" (@) is the gamma function; and the two parameters a, f are, respectively,
scale and shape parameters of the space under consideration. The calculation of the
parameters was obtained for each location, for a 12-month scale. In order to esti-
mate the parameters, probability weighted moments were used (Greenwood et al.
1979). The cumulative gamma probability distribution was then transformed to a
normal distribution in order to obtain the SPI. This process was repeated in each of
the 117 locations. Then, the R Package created by Begueria and Vicente-Serrano
(2017) was used to calculate SPI. This program, available at http://sac.csic.es/spei,
standardizes a variable following a gamma distribution function.
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Tab!e 81 St?ﬂ;ardiszlg? SPI class Drought category
recipitation index

saTSeI; E?\Bngee ei al(. 19;3) 2.0+ Extremely wet
1.5to0 1.99 Very wet
1.0to 1.49 Moderately wet
—0.99 to 0.99 Near normal
—1.0to —1.49 Moderately dry
—1.5t0 —1.99 Severely dry
—2 and less Extremely dry

The values acquired by the SPI represent the current hydric condition concerning
the historical series. It is classified according to Table 8.1.

Statistical Tests for Trend Detection: Mann—Kendall (MK) Test

The nonparametric Mann—Kendall (MK) test (Khaliq et al. 2009) is a widely
applied technique for the detection of trends in climatic and hydrologic time series.
This test is computed for assessing if there is a monotonic upward or downward
trend of precipitation over time. Although it is a nonparametric (distribution-free)
test, there is a necessary assumption for no correlation to assure the power of the
test. The assumption of independence requires that the time between samples be
sufficiently large so that there is no correlation between measurements collected at
different times. In such cases, the existence of serial correlation will affect the abil-
ity of the MK test to assess the significance of the trend, and the MK and the Theil-
Sen slope would be unable to consider the AR process of the time series (Hamed
and Rao 1998).

The nonparametric MK test is used for studying patterns to identify trends in a
time series, where N is known as the total number of data in the time series, and the
equation calculates statistic S:

S=Y > sen(vi-vi) (82)

where Yj is the value of the jth data, n is the number of data, and sgn(6) is the sign
function:

sgn(0)={+1 if0=Yj—-Yi>0 0 if0=Yj-Yi=0-1  if@=Yj-Yi<0 (8.3)
g j j j

When statistic S exhibits a positive value the trend is upward, while a negative
value of § indicates the opposite. The S has a normal distribution when N > 8, and
its mean and variance are calculated using the below equations:
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E[S]=0 (8.4)

[ N(N-1)(2N+5)= 3 1i(i-=1)(2i+5)]

18

var(S) = (8.5)

where ¢; is the number of data in the ith tied set. The test statistics Z is computed by
Eq. (8.6):

Z={(S-1)/Jvar(s) S§>0 0 S=0(S+1)/Var(S) S<0 (8.6

The value of Z is used to detect significant trends, at a significance level of
« =0.05. A positive value of Z greater than 1.96 confirms an increasing trend, while
a negative value smaller than 1.96 reveals a decreasing trend.

Autocorrelation Function

The k-order autocorrelation coefficient of a stationary stochastic process measures
the degree of linear association between two random process variables separated k
periods:

cov(YY
P, = _oov(V¥) (8.7)

V)V (Y.)

As this is a correlation coefficient, it does not depend on units. The autocorrela-
tion function of a stationary stochastic process is a k function that collects all the
autocorrelation coefficients of the process and is denoted by pk, k=0, 1, 2, 3, ...
The autocorrelation function is usually represented graphically using a bar graph
called a correlogram.

Theil-Sen’s Estimator

The Theil-Sen estimator (Theil 1950; Sen 1968) was used to compute the magni-
tude of the trend in rainfall time series, which is calculated as follows:

B =Median[Yi-Yj/i—j| Vj<i (8.8)
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where 1 <j <i<n.If Nindicates all combinations of record pairs for the complete
dataset, and the value of the slope is calculated as n = N (N — 1)/2 and f is consid-
ered to be the median of these n values.

Principal Component Analysis (PCA)

The algorithm for the calculation of the PCA can be described in a summarized
form using matrix algebra (Jolliffe and Cadima 2016), as a matrix with N rows as
intervals of time and n as points in the space. The matrix resultant will be N X n,
where i is the index time and j the space, in this case j represents each location with
information of precipitation. The value in any point in time and space is denoted
then by x;;. The purpose of the PCA is to find a coefficient matrix (E) that modifies
x by lineal operations to get a new group of variables Z. These new variables must
represent the majority of variance in terms of n points in the space, in a smallest
number possible, where p < n

Z=XE (8.9)

Z_ij=%_(k=1)"px_(ik)e_(kj) i=l....N; j=l...n p<n (8.10)

The columns of the matrix E are called vectors or orthogonal empirical func-
tions, and the columns of the matrix Z are called principal components.

We applied PCA in a drought index (SPI-12) time series at 117 locations of grid-
ded point precipitation. The loadings of main rotated PCA for each location across
Durango were mapped. The number of leading components retained for rotation
was evaluated using the sampling errors of eigenvalues associated with the principal
components (O’Donnell et al. 2011). PCA results were used to divide the sub-
regions according to drought characteristics. Since the topographical and climatic
features are complex, recognizing the spatial patterns of drought characteristics is
useful to regional planners.

Case Study
Study Area and Data

The state of Durango is located to the northwest of the central part of the Mexican
Republic, between parallels 22°17" and 26°50" north latitude and between meridi-
ans 102°30" and 107°09" west longitude (Fig. 8.1). Eight physiographic sub-prov-
inces characterize the state (Pedroza Sandoval et al. 2014): (1) Chihuahua’s Great
Plateau and Canyons, (2) Durango’s Great Plateau and Canyons, (3) Southern
Plateaus and Canyons, (4) mountains and plains of Durango, (5) Mapimi Basin,
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Fig. 8.1 Geographical distribution of the municipality boundaries and topographical characteris-
tics of the CFSR precipitation grid point locations in the study area

(6) Transverse Ranges, (7) mountains and hills of Aldama and Rio Grande, (8)
mountains and plains of the North (Fig. 8.2).

Precipitation Data

The CFSR is the product of a global climate reanalysis and is provided as gridded
data generated by the NCEP Global Forecast System (Saha et al. 2010). The CFSR
weather data are a product based on habitual ground observation data, satellite
remote sensing data, and other advanced technology and represent a global,
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Fig. 8.2 Mean and coefficient of variation (CV %) for annual precipitation (n = 35) at 117 CFSR
precipitation grid point locations

high-resolution coupled atmosphere—sea ice—ocean—land system. The CFSR global
atmosphere data have a spatial resolution of approximately 38 km, and the data are
available since 1979. The CFSR weather data for the study area (bounding box: lati-
tude: 27.21°-22.16°N and longitude: 102.18°-107.63°W) were downloaded from
the SWAT model’s official website (http://globaweather.tamu.edu/). The data
includes daily rainfall, maximum and minimum temperature, as well as wind speed,
and solar radiation for 117 locations (Fig. 8.1).
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Results and Discussion

Spatial Variability of Annual and Monthly Precipitation

The spatial patterns of mean and coefficient of variation (CV %) for the annual
precipitation data from January 1979 to December 2013 at 117 locations are shown
in Fig. 8.2. The lowest values of mean annual precipitation (MAP), less than
434 mm, occur in lowland areas (less than 800 m of altitude) of the state of Durango.
These areas belong to five physiographic sub-provinces: mountains and plains of
Durango, Mapimi Basin, Transverse Ranges, mountains and hills of Aldama and
Rio Grande, and mountains and plains of the North. The highest MAP values in the
state, greater than 1630 mm, occur at highlands (more than 2400 m of altitude).
These areas correspond to two of the physiographic sub-provinces: Durango’s Great
Plateau and Canyons and Southern Plateaus and Canyons. These results show that
elevation affects significantly the precipitation in the study area. A similar distribu-
tion of annual precipitation in Durango was reported by Névar (2014) using 80 cli-
matic ground stations.

The degree of rainfall variability can be classified according to CV% (Hare
1983). When CV% < 20 it is considered to have low variability, 30 > CV% > 20
moderately variability, and CV% > 30 is highly variable. Areas with CV > 30% are
also considered vulnerable to drought. Approximately three quarters of the territory
of Durango state have a CV > 30%. Only in the highlands the CV reaches 18-20%.
The five physiographic sub-provinces with the lowest values of MAP also showed
higher variability (CV > 30%). Analysis of the variability of precipitation revealed
that within the arid and semi-arid regions a high interannual variation is character-
istic of the arid zones (Kiros et al. 2017). Previous studies established that a
CV > 30% implies a high variation in the rainfall amount and distribution patterns
(Ayanlade et al. 2018). It should be noted that the most populated urban centers in
the study area, Victoria de Durango and Gomez Palacio-Lerdo, are located in areas
with high interannual rainfall variability (CV > 47% and CV > 67%, respectively).
These variability levels are similar to variability record levels reported for the arid
regions with greater climatic variability in the world, such as the northern area of
Australia and Somalia (Van Etten 2009). Interannual rainfall variability is a crucial
component of climate, and can even be a more critical climatic feature than the
long-term average (Thornton et al. 2014). Climate variability has direct impacts on
biophysical and biological systems and can have important repercussions on social
phenomena. Further, to make possible the sustainable utilization of arid lands, land
managers need to be aware of connection between rainfall variability and biotic/
landform responses; for instance, when making decisions about fire management
and surface water storage (Ffolliott 2012; Pandey 2005; Waswa 2012).

Figure 8.3 shows the average of accumulated rainfall per month in the state of
Durango, for the years 1979-2013. The area is characterized by the strong mid to
late summer precipitation maximum in July, August, and September with consider-
ably less precipitation during the rest of the year. Most of the state, except the
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Fig. 8.3 Spatial distribution of accumulated rainfall for each month in the state of Durango
(average for the period from 1979 to 2013)

eastern-most tip, lies within the region called the monsoon region, which stretches
along the Sierra Madre Occidental in northwestern Mexico and follows the conti-
nental divide through eastern Arizona, most of New Mexico and extends into south-
ern Colorado in the USA (Comrie and Glenn 1998). Seasonal monsoon mainly
controls precipitation in the north of Mexico and is partially responsible for the
seasonal and, potentially, interannual variations and oscillations in precipitation
(Comrie and Glenn 1998; Higgins et al. 1999). Several climatic trends and oscilla-
tions contribute to the monsoonal variability in the region, including the El Nifio—
Southern Oscillation (ENSO), the Pacific Decadal Oscillation (PDO), and the North
Atlantic Oscillation (NAO) (Navar 2014).
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Spatial Patterns of Temporal Trends in Precipitation

Positive or negative autocorrelation affects the variance (). Positive autocorrelation
increases the variance (S) and negative autocorrelation decreases the variance ().
Thereby, positive autocorrelation overestimates the significance of both positive and
negative trends, and negative autocorrelation underestimates the significance
(Dinpashoh et al. 2013). It is important to check the autocorrelation in a given series
and to adjust the test if necessary, as often the trend of precipitation autocorrelation
receives little attention.

We calculated the coefficient of autocorrelation lag-1 as significant (positive or
negative) autocorrelation coefficient (r1) for the 12 months of the year, in 117 CFSR
grid point locations. Table 8.2 lists the results of autocorrelation lag-1 in the monthly
time series. The autocorrelation close to zero is observed in the time series January—
April and October—December. For April, May, June, July, and September, a few
locations showed a positive correlation. This pattern can be due to the shaping effect
of the monsoon season in the occurrence of precipitation in the state of Durango. In
contrast, during winter the unpredictable phenomena like ENSO and PDO influence
precipitation in the northwest of Mexico (Magaia et al. 2003). The scarce autocor-
relation found in winter and part of spring for the analyzed locations suggests an
increased randomness in the occurrence of the precipitation during those months.

Temporal trends in monthly and annual precipitation and their respective change
values (mm/year) for each 117 localizations were obtained by the modified Mann—
Kendall test (modMK1) (Hamed and Rao 1998) and the Theil-Sen’s estimator
(Fig. 8.4). The temporal trends were mapped to identify their spatial distribution
across all months of the year. The standard test statistic Z was used as the criterion
to identify temporal trends; Z < —1.96 indicated a significant decreasing trend,
—1.96 < Z < 0 indicated a no significant decreasing trend, 0 < Z < 1.96 indicated a
not significant increased trend, Z > 1.96 indicated a significant increased trend.

Table 8.2 Number of locations showing significant and not-significant lag-1 autocorrelation and
significant and not significant trends throughout the state of Durango

+ - Increasing Decreasing Increasing Decreasing
January 0 0 117 0 2 0 115
February 0 0 117 0 0 18 98
March 0 |2 115 0 0 33 84
April 9 0 108 7 110 0 0
May 37 0 80 |2 0 10 101
June 6 |0 111 1 4 38 60
July 27 0 90 |3 1 114 7
August 8 0 109 0 14 26 86
September 14 0 103 4 2 82 23
October 2 2 113 0 0 52 67
November 0 2 115 0 1 21 90
December 0 3 114 0 42 0 64
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Fig. 8.4 Maps showing the spatial patterns of Sen Slope (mm/year) and Z statistic using mod
MKI1 at 5% significance level for monthly and annual precipitation in Durango

Figure 8.4 shows the spatial distribution of the positive (increasing) and negative
(decreasing) trends of each one of 117 locations. In the vast majority of the 117
locations in Durango, the precipitation trends were not statically significant at the
95% (Table 8.2). The drier months (January, February, March, April, May,
November, and December) showed a decreasing tendency, but were not statistically
significant. The wetter months (July, September, and October), except August,
showed an increasing trend although they were also not statistically significant.
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Spatial Patterns of Drought Frequency

Since droughts vary in time and space, the regional distribution of drought using
drought events with SPI-12 values less than —1.0 was interpolated and mapped for
12 months in a year. This value of SPI is typically chosen as an indicator of drought.
In some regions, a good rainfall in one particular month can create the impression
that the drought is over, but until the SPIs are not above a particular value at all
scales (typically —1), a drought will still affect a region in one way or another (Patel
et al. 2007).

We calculated the drought event for each location in the state of Durango and
interpolated the spatial distribution of the drought events (Fig. 8.5). More than half
of the state experienced 53 or more droughts during the period of analysis of
35 years. SPI field station calculations in the ground station (Rivera del Rio et al.
2007) recorded an average of 15 dry periods in 14 years. There is a certain propor-
tion of SPI drought events detected with ground field measurements and with satel-
lite precipitation. The station (—104.38, 22.63) in the municipality of Mezquital
registered fewer drought events (14), whereas the location (—105.63, 25.13) in
Tepehuanes presented the most (74) drought events. The average of drought events
in all stations was 54.

The spatial distribution of frequency droughts events for the first 5 months was
similar. At this time of year, there are slightly more droughts in the east and a small
portion of the northeast of the study area. In the east, these areas include much of
Chihuahua’s and Durango’s Great Plateau and Canyons and the northern portion of
Southern Plateaus and Canyons physiographic sub-provinces. And in the north part,
some areas of Mapimi Basin. By June, an increase in the frequency of drought
events throughout the state of Durango was noticeable. At the beginning of the rainy
season (July), the frequency drought events decrease in the study area and in this
month the droughts are more frequents in the east part. This area covers the follow-
ing physiographic sub-provinces, the eastern part of Mapimi Basin, the huge por-
tion of Transverse Ranges, mountains and hills of Aldama and Rio Grande,
mountains and plains of the North, and small portion in the south of the mountains
and plains of Durango. However, at the end of the rainy season (September) the
frequency of drought events increased throughout the state. October, November,
and December have a similar spatial trend in the frequency of droughts, and during
these months there are more incidences towards Mapimi basin, Transverse Ranges,
mountains and hills of Aldama and Rio Grande and central part of Durango’s Great
Plateau and Canyons and mountains plains of Durango.

It is important to note that in the previous section, June and September showed
many areas with increases in precipitation. Instead, this section indicates these
months have large regions of frequents droughts, which seems to be contradictory.
It is because the SPI for a particular month is calculated considering the accumu-
lated rainfall from previous months, depending on the timescale used. In this case,
although September and June have shown increases in precipitation, the index con-
templates the decrease in rainfall that has occurred in previous months which has
more intensity than the increases.
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Fig. 8.5 (a) Spatial distribution of drought events identified by SP12 detailed for each month. (b)
Spatial distribution of total drought events identified by SP12 since 1979-2013

Spatial Variability of Drought Using PCA

PCA on 12-month SPI was calculated for the 117 locations to identify spatial simili-
tudes of drought over 420 months from 1979 to 2013 in the study area. The first
three rotated components (RPCs) explained about 87.9% of total variance, and each
principal component explained 68.6%, 13.9%, and 5.4% of the variance, respec-
tively. The rotated loading for three RPCs for the drought time series was computed
and interpolated for the 117 locations to classify and characterize the spatial
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Fig. 8.6 Spatial variability of the loading for three rotated principal components obtained for the
analysis of drought time series by SPI12

variability of droughts in the area of study. The PCA allows us to find regions with
a similar occurrence of droughts detected by SPI-12 time series (Fig. 8.6).
Considering the analysis in the previous section, the spatial distribution as principal
component 1 (RPC1) indicates a high positive loading along the northern part of the
state. In this area, droughts are more frequent. The second component (RPC2) indi-
cates regions where drought events are also frequent but at a lower extent than in the
area reported in the first component. The third (RPC3) shows an area where the
drought events are less frequent. Although three RPCs were unable to extract the
total variation of drought across the region, this operation was successful in finding
the three major kinds of drought variabilities present in the area of study.

Conclusions

This study effectively identified the spatial and temporal variations and trends in
rainfall and drought after 35 years of data in a semi-arid region of Northern Mexico.
In much of the state of Durango, 70% or more of the annual rainfall occurs in July,
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August, and September. The results also highlight the wide range of annual
precipitation in the state, with places where precipitation averages 200 mm/year and
areas where it reaches up to 2400 mm/year. The analysis confirms the dominant
effect of the American monsoon season on the temporal pattern of rainfall in the
area of study.

A decrease in precipitation to values of 0.5-0.9 mm/year during the dry months
was observed in most of the area in contrast with an increase in values of 1.0-
1.5 mm/year in the wet months. The fact that this trend was not statistically signifi-
cant for many of the locations could be attributed to the effects of climate variability
factors, such as El Nifio-Southern Oscillation (ENSO) and the Pacific Decadal
Oscillation (PDO).

The complexity of drought as a dangerous phenomenon and its interactions with
socio-ecological systems has limited the progress of generating effective drought
management and mitigation plans. However, quantifying the spatial and temporal
occurrence of drought is a valuable tool to decision makers towards reducing social
and ecological vulnerability at the time a drought occurs. Using the SPI 12 as an
indicator of drought, more than 53 episodes of drought were identified in the
35 years of data, as well as the areas where droughts events are most frequent. These
areas cover more than half of the state of Durango, mainly in its northwestern,
northern, and eastern regions. These drought events remained relatively constant
throughout the year, although a slight increase was observed in June and September.

Satellite observations offer a great opportunity for the operational monitoring of
droughts and rainfall. Current and future satellite missions could be used to develop
composite and multi-indicator drought models to improve early drought warning.
While there are tremendous opportunities, there are also enormous challenges,
including data continuity, unquantified uncertainty, sensor changes, and community
acceptability. One of the significant limitations of many of the currently available
satellite observations is their short temporal resolution. Many satellite missions and
relevant sensors provide only a decade of data, which may not be sufficient to study
droughts and precipitation trends from a climate perspective.
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The Construction and Sabotage

of Successful Agricultural Lands

in Semiarid Lands: A Case Study
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Abstract The land-use planning effort for a semiarid watershed where wine is the
staple economic product was evaluated. Over the last 30 years, three top-down local
public policies have been in effect with the shared objective of building a sustainable
valley where rural settlements, Mediterranean-type crops, and tourism can thrive. The
evaluation result was that most of the proposed guidelines were not implemented. The
questions addressed in this chapter are: what are the main reasons behind the non-
compliance of regulations in land-use planning and what kind of alternatives can be
proposed? To answer these questions, documental analysis of land-use planning pub-
lications, reports, and laws was analyzed. All findings were interpreted by a transdis-
ciplinary team (the coauthors: local producers, government stakeholders, ecosystems
management researchers, and graduate students). The main results behind the unsuc-
cessfulness of the evaluated public policy instruments are: (1) unclear land tenure, (2)
ambiguous laws and lack of by-laws, (3) corruption between buyers and government
agents, and (4) lack of awareness by users. Our alternative proposal is a bottom-up
transdisciplinary plan with five main strategies: (a) a participatory observatory as a
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science communication tool, (b) green infrastructure projects and guidelines, (c) iden-
tification and valuation of available ecosystem and environmental services, (d) diffu-
sion of innovative wise water management techniques for the region, and lastly (e) a
new larger scale land-use plan for the watershed that uses environmental units with
landscape values for the local people. Our proposal might help others to change para-
digms and design transdisciplinary regional plans.

Keywords Regional planning - Territorial ordinances - Watersheds

Introduction

The planning of any region is a long-term process since emergent issues are con-
tinuously arising. Socio-ecological system-based plans use the watershed as the
basic territorial unit. Especially, in semiarid watersheds where the aquifer is the
limiting factor and the axis of any planning. The ecosystem-based logic not always
coincides with the logic followed in cultural, administrative, legal, economic, or
social setting. Therefore, the land-use planning of a semiarid watershed has to be
constructed in a process where environmental education plays a key role. As well, it
must be a participative and creative process since the lack of data concerning subter-
ranean water quantity, quality, and dynamics remains unmeasured and is a constant
limitation. In consequence, the planning of land-use requires a transdisciplinary
approach since land-use decisions are need to be taken by the government officials
with the participation of local inhabitants.
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Major Conceptual Advances in Land-Use Planning
and Broader Applications

Modern land-use planning is based on bottom-up strategies (Sabatier 1986), where
society stakeholders, policy makers, and academics interact and negotiate land-use
priorities. The generation of knowledge, and co-design and management of natural
resources emerge as key issues for socio-ecological system-based regional planning
(Schuttenberg and Guth 2015). For successful land-use planning, sustainable devel-
opment is a fundamental concept that involves the continuous dialogue between a
team of scientist, inhabitants (at all sectors), and decision makers (at all levels) with
the main objective of integrating ecological and social knowledge for the generation
and development of proper and flexible public policies through a constant evalua-
tion process.

The description and function of a watershed as a socio-ecological system has
been presented by several authors (Marquez and Valenzuela 2008; Parkes et al.
2010; Rathwell and Peterson 2012; Fischer et al. 2015). Still, Fischer et al. (2015)
mention that some issues need to be explored, such as the development of a stronger
science—society interface that could help enhance understanding and improve the
interactions involved in ecosystem stewardship. Watersheds have been considered
as exploratory laboratories because they offer the ideal settings for long-term
research of dynamic natural resources, such as water (Schmidt and Friede 1996;
Slaughter and Richardson 2000; Malhi et al. 2010). Another useful concept is the
development of an ecological network that incorporates multi-actor planning,
change, and large-scale processes (Opdam et al. 2006); they also call for participa-
tory planning but from the ecological point of view (Luz 2000). A new approach
includes incorporating social-ecological concepts when co-designing and planning
land-use projects (Guerrero et al. 2015) by transdisciplinary teams that combine
top-down and bottom-up land-use modeling (Verburg and Overmars 2009). In sum-
mary, watersheds are great territories for land-use planning and even have been
proposed to be administrative units such as municipalities (Espejel et al. 2004),
especially in drylands where focused aquifer management planning is crucial.

Case Study: Guadalupe Valley Official Planning and New
Proposals

A case study in Mexico was chosen because it has only enforced top-down regional
planning public policies and the sectorial, ecological, and territorial planning over-
lap, causing all land-use decisions to favor economic priorities. The selected case
study explains how three top-down land-use programs have been implemented, and
why it has been unsuccessful of achieving its main goal. Based on the reasons
behind the failure to follow regulation on land-use, we propose various bottom-up
strategies as an alternative based on the development of a transdisciplinary learning
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Land use and vegetation in Hydrological Region No.1 and Guadalupe watershed
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Fig. 9.1 Hydrological system of Northern Baja California, Mexico (left). The main watershed of
Guadalupe and the secondary watershed of the Valley of Guadalupe (right)

community that co-manages the watershed as a long-term process, aiming to change
paradigms for the future design of regional plans.

Most coauthors have been into these planning efforts since the beginning (1993)
so our evaluation consisted in a chronological description of the main proposals of
each program and a compliance assessment was subsequently made indicating if the
strategy, goal, or action was met, if it was partially fulfilled, or if it was not carried
out. To demonstrate compliance with the actions proposed by each planning pro-
gram, information was sought in official documents, government reports, by field-
work and satellite images (Google Earth Pro). There are many other publications
and thesis on the subject, but these were especially important in the communication
of the regional planning efforts and resulting programs. In the last 30 years, the
watershed has been described as a socio-ecological system, since it is planned for
agriculture and tourism (Fig. 9.1). To understand the complexity of land-use plan-
ning in Mexico, Fig. 9.2 shows the top-down regulations in a time line since 1930.

TU-LUP-WVE: touristic and urban sectorial land-use planning the northern zone of
wine valley of Ensenada, B.C.

S-LUP-TU: state land-use planning touristic and urban

ELUP-SA-VG: environmental land-use planning San Antonio de las Minas-Valle de
Guadalupe

TU-SP-WVE: touristic and urban sectorial programs of the northern zone of wine
valley of Ensenada, B.C.

F-LUP: federal land-use planning
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Fig. 9.2 Plans and programs related to land-use planning in Mexico since 1930-2010 (left) and
documents, papers, books, and sectorial plans (right) related to the description, planning of land-

use in the Guadalupe Valley
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S-ELUP: state ecological land-use planning
DDPLU-GV: documents related to the description and planning of land-use in the
Guadalupe Valley.

Figure 9.2 also shows the overlapping laws for land-use in Baja California,
where the study case is located. At the national level, there are two coinciding spa-
tial land programs. An ecological ordinance by the environmental ministry
(SEMARNAT by its Spanish acronym) and a territorial ordinance with risk zone
population relocation schemes implemented by the ministry of urban development
(SEDUE by its Spanish acronym). At the state level, ecological, territorial, and sec-
torial ordinances are in effect. Although the federal ordinances have decided the
ambits of implementation (urban vs. rural, contamination and nature conservation
vs. human population risks), to the citizens it is unclear the reason behind the exis-
tence of two instruments regulating land-use. Moreover, in 2016 the Baja California
State Environmental Agency (SPA by its Spanish acronym) published an Strategic
Program (SPA, 2016) adding more issues to the valley. At the state level, there are
both coincidences and contradictions among land-use laws, giving way to an ideal
setting for corruption. Landowners sell land for other purposes than the law pre-
scription, land buyers buy land in forbidden areas, and decision makers deliver land-
use permits in improper lots. Breaking the law is a consequence, among many
issues, of poor surveillance. In countries like Mexico, surveillance activities by the
authorities lack adequate financial support. An alternative to this problem has been
that residents and local users organize and help the authorities with prevention and
communication tools. The first step to start self-surveillance is to understand the
laws. In the case of the Guadalupe valley, there is a problem with the available law
documents, all the planning laws are written in unclear phrasings or published in
blurry official newspapers. A simplification of the language used in the laws and
clearer maps showing the properties of localization and land-use designations are in
dire need by citizens. There are four planning programs that deserve attention in
terms of “translating” the information into infographics or other dissemination tools
to make them understandable by most people using the laws for self-surveillance.
As seen in Fig. 9.2 and Table 9.1, there are five planning programs published in the
Official Newspaper of the State of Baja California, the most recent the urban ordi-
nance published in October 2018 (POEBC 2018) which its bylaw is under review
by the Guadalupe valley inhabitants (http://www.valledeguadalupe.gob.mx/site-
vgpe/mt-content/uploads/2017/02/reglamento-de-zonificacion-y-control-
territorial-del-municipio-de-valle-de-guadalupe.pdf).

The recent 2018 urban ordinance mentions worsening of the same problems
previously stated. Besides the published regional, local, tourism and urban planning
laws, difussion of the laws content was done, in a scientific publication (Espejel et
al. 1999) and dissemintarion books for the general public in an e-book (Leyva and
Espejel 2013), and an updated printed book (Espejel and Leyva 2017). In conclu-
sion, studies, publications, laws, regulations, and planning programs have been
found to be unsuccessful. These findings make the Guadalupe Valley a notable
example of why top-down policies do not function. For example, in the three evalu-
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Fig. 9.3 Fulfillment of guidelines of three land-use planning laws in Guadalupe Valley, Ensenada
Mexico

ated instruments, eight priority actions were identified and only one was partially
carried out and corresponds to the water management plan, which has not been
published, thus still lacks proper regulation. Of 38 actions, only four (7.5%) were
fulfilled; as for the projects, only one (20%) was implemented (Fig. 9.3).

The best example of land-use failure is within the tourism sector. For instance,
hotel rooms increased 52% between 2012 and 2016 (Reyes-Orta et al., 2016) other
60% between 2016 and 2018. Boutique hotels, villas, glamping and hostals offered
362 rooms in 2018. The number of restaurants in the valley also increased from
50 1in 2016 to78 restaurants in 2018, resulting in an increase in the variation rate by
56%. It should be noted that in a region with very low water availability at least 10
hotels have swimming pools, Jacuzzi, and/or spa facilities, which are forbidden by
these land-use planning laws. In addition, rapid growth of tourism has yielded an
emergent necessity for country housing and support services. Thus, unplanned
urban sprawl is destroying the landscape, and sustainable goals are being dismissed.
For the tourism and urban sectors, an update of the land-use plan has just been pub-
lished (POEBC 2018) expecting this time to be succesful because it comes with a
bylaw (under review as mentioned above).

As aresponse to a severe drought, in 2018, wine makers promoted the transfer of
treated water from the nearest metropolis, Tijuana. The project is expected to be a
long-term solution for the everlasting drought situation. But the general mentality of
inadequate water management and conservation still remains. Thus, more water
availability will lead to increased development of vineyards, wineries, tourism, and
residential areas which will push agricultural growth to expand to neighboring
areas. Poor compliance of the evaluated instruments is complex, but we identified
four main reasons: (1) unclear land tenure; (2) ambiguous laws and lack of by-laws,
(3) corruption among all actors, the government agent, the landowner, and the
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buyer; and (4) lack of awareness of the planning instruments. As citizens, we can
deal with anticorruption practices and design educational platforms to provide plan-
ning information. But the implementation of additional instruments for law compli-
ance, such as economic instruments, rights market, subsidies, and no land-use
policies for land owners, corresponds to the state and municipal governments.
Plenty of issues have to change with the recent urban planning law. To accom-
pany this new planning, a citizens’ surveillance committee has been proposed and a
bylaw has been prepared by a heavy participatory transdisciplinary team.
Nevertheless, these instruments remain top-down laws. So, it is advised to lean
towards bottom-up strategies to break the recurring paradigms of the last 30 years.

Recommendations and Future Perspectives

In conclusion, the lessons learned from the unsuccessful planning of the Guadalupe
Valley are that top-down strategies alone do not function and new ways of participa-
tion, such as transdisciplinary teams, might be the solution for social-ecological
watersheds planning. With the mindset of up-taking new ideas in collective fashion
as key to fulfill regional land-use planning a transdisciplinary team is being created
to develop the following strategies:

1. Citizen’s observatory, bringing together academics, producers, and the rural
community to solve emergent problems. It consists of developing an internet
portal (network platform) where specific information is available and updated
constantly. The purpose of this observatory is to empower people with reliable
data. It is believed to be one of the main tools that can achieve successful gover-
nance (Engelken-Jorge et al. 2014). In Mexico, the law for sustainable agricul-
ture promotes rural observatories without success , for they are managed by the
government, and government agents do not wish to be observed and/or evalu-
ated. For this particular reason, the observatory will be participative, inclusive,
managed by citizens, and co-designed with seven aquifer user groups. The key
issue in designing an observatory of this nature is the negotiation of information
(indicators), since it will function as a source for following projects. The results
have to be uploaded as technical reports for a layman audience and infographics,
since they are effective ways of presenting complex data in a visual compelling
format directly useful for decision-making purposes (Otten et al. 2015).

2. Green infrastructure projects, built by residents, developed by architects, and
coordinated with the current government urban program. The importance of
green infrastructure is to develop an “interconnected network of green space that
conserves natural ecosystem values and functions and provides associated ben-
efits to human populations” (Benedict and McMahon 2002, p. 12). It includes
natural, semi-natural, and artificial areas, within and around urban areas. Their
quality and quantity will be based on the multifunctional role as habitat intercon-
nectors (Tzoulas et al. 2007). The role of water is important within the green
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infrastructure framework, combined they are considered as blue-green infra-
structure (Ahern 2007).

The scales used for planning and implementing green infrastructure are land-
scape, region or city, districts or neighborhoods, and sites or parcels (Ahern
2007), each with specific strategies (Allen 2014). Green infrastructure uses
mainly the landscape management approach; nevertheless, it also applies urban
design in planning practices (Mell 2012). At a landscape scale, it is convenient to
identify non-fragmented ecosystems that protect and improve the habitat of
native species, corridors, and functional landscapes (Allen 2012). This also
applies at the urban scale, where all types of green areas are part of the green
infrastructure. At a site scale, urban street design elements (planters, trees, land-
scape strips, medians, and rain gardens) can promote ecosystem services by
using water efficiency and management techniques, and by landscaping (reduc-
ing urban heat island and pollution) (Rehan 2013).

Agricultural landscape encompasses natural habitats and crops in a matrix,
which provides economic output together with a range of ecosystem services. By
conserving surrounding habitats and using farm and landscape-scale manage-
ment techniques, the value of the ecosystem services in which vineyards and
tourism economies depend is maintained (Viers et al. 2013). According to
Winkler et al. (2017) and Viers et al. (2013), the main ecosystem services vine-
yards receive from surrounding natural ecosystems are: (1) cultivated crops; (2)
filtration (promoting aquifer recharge); (3) sequestration, storage, and accumula-
tion by the vineyards; (4) pest and disease control; (5) buffering weather (wind
and temperature); (6) minimizing erosion, maintaining soil fertility through
good practices; and (7) heritage, cultural, scientific services, and esthetic
values.

Ahern (2011) proposed five planning strategies and urban design to build
resilience capacity: multi-functionality, redundancy and modularization, diver-
sity (biological and social), networks at various scales, and connectivity. Green
infrastructure planning, participation, and interaction between potential stake-
holders by means of expanding the green infrastructure range has the potential to
achieve great impact in the ability of providing services by the local governance
(Winkler et al. 2017). A participatory, inclusive approach facilitates local spe-
cific situations and ideas that can be incorporated in projects (Schifman et al.
2017). This approach decentralizes and extends coverage of green infrastructure
over a greater area while engaging citizens. And, by means of supporting pro-
grams, these practices can expand (Winkler et al. 2017).

3. The identification and valuation of ecosystem and environmental services is fun-
damental to recognize their importance for the economy and development
(Costanza et al. 2017). Their interrelationships at the ecological level will help to
detect key services in Guadalupe Valley. The use of cartographic products could
illustrate ecosystem services in the territory. Considering the watershed as a unit
of analysis (Grizzetti et al. 2015), the maps would show the compatibility (or
incompatibility) between the land uses assigned and the priority areas for the
conservation or restoration of ecosystem services. Economic valuation provides
useful information on the costs and benefits related to environmental impacts
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during the execution of planning programs or private projects (Galdn et al. 2012;
CONANP 2015). These valuations will communicate the necessary information
in a language understood by residents and tourists encouraging interest to main-
tain these services and respect spatial planning guidelines.

4. Diffusion of innovative forms of household and agricultural techniques with
wise water management will provide a sustainable approach for Guadalupe
Valley viticulture. Constructed wetlands have been used as an ecological friendly
technique to treat wastewater for decades all around the world especially for
small communities and remote places; however, the sustainable application of
these systems is quite challenging (Wu et al. 2015). This technique if properly
managed can yield a valuable conservation tool for its harnessing and cleansing
properties. Constructed wetlands have been primarily utilized to treat wastewater,
but they can be managed for other functions as well. They can be used to receive
crop runoff, mitigate groundwater contamination from fertilizers, pesticides,
heavy metals, and treated wastewater (Haberl 1999). They provide habitat for
waterfowl] and other animals and increase plant diversity richness. A constructed
wetland surrounded by a riparian buffer zone will significantly slow down intro-
duction of contaminants into the water and prevents erosion and crop runoff
especially from agriculture plots on steep slopes, which we readily find in
Guadalupe Valley viticulture practices. All of these agricultural techniques com-
bined with conservation tillage, a type of no tillage technique, will significantly
ease the daily challenges faced by reduced water resources such as poor soils,
soil compaction, soil water infiltration, low soil moisture, and minimal recharge
of the water table.

5. A new larger scale for regional planning. Agricultural land-use in the Guadalupe
Valley is dwindling and eventually will be lost. Tourism and recreation for
masses and dense country housing has gained and is transforming the landscape.
Acceptance of such reality turns our efforts towards a larger scale plan. The
watershed has other terrains apt for agriculture, and if treated water from Tijuana
is going to be vast, these lands could be irrigated and become agricultural lands.
But for now, the planning, with the lessons learned, could establish agriculture

Fig. 9.4 Illustrates a map in a larger scale, where new developed country housing, eno-gastro
tourism, and wine industry are shown, and the neighborhood valleys are kept as irrigated agricul-
tural land as a result of incoming water from Tijuana’s water treatment plant



9 The Construction and Sabotage of Successful Agricultural Lands in Semiarid Lands... 159

reserves (as protected areas for the land-use of crops and cattle) to contain coun-
try housing sprawl. The Guadalupe Valley would become the area for tourism
and country housing, hoping not to spread to the other valleys of the watersheds
(Fig. 9.4). The watershed as a management unit would improve the understand-
ing of the water origin and the role users partake in the ecosystem as proposed
by Espejel et al. (2004).

In this chapter it is demonstrated that the planning of a region is a long-term
process, not always successful because emergent problems continuously keep the
planning in process. The plans for the study case, representative case of many of the
Global South, have been socio-ecological system based and the watershed was the
territory to regulate. Nevertheless, in semiarid watersheds as it is the Guadalupe
basin, the aquifer is more susceptible to overexploitation by the increment of water-
demanding crops, by the increase of agriculture surface, and by the growth of the
resident population and water-demanding visitors. If water is a key issue world-
wide, in semiarid and arid lands, it is the key limiting factor for development. Now,
planning to bring water from treatment plants of the largest and nearest metropolis
will change the region into a more complex socio-ecological system. Environmental
education did not play the expected key role. That is the reason to propose different
participative and creative processes and co-generate data concerning subterranean
water quantity, quality, and dynamics, as well to use a more efficient language to
transmit crucial information. A future approach has to keep the incorporation of
social-ecological concepts but co-designing and planning the watershed land-use
projects (Guerrero et al. 2015). The transdisciplinary teams have to combine top-
down and bottom-up land-use modeling (Verburg and Overmars 2009) in order to
be more successful than nowadays.
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Abstract Mexican drylands cover over 50% of its territory. They are important
socio-ecological systems (SES), like rangelands that are vital, both for the con-
servation of multifunctional landscapes and for human development. The
UNESCO Biosphere Reserve of Mapimi (BRM) is a dryland SES that harbors an
extraordinarily high level of endemism in almost all biotic kingdoms and histori-
cally holds evidence of various mobile indigenous groups; later it became an
important livestock production center. Thus, the BRM has been affected by land
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use and climate change for decades. Consequently, the BRM’s management plan
by the National Commission of Natural Protected Areas (CONANP) seeks both
the conservation of endangered species like the desert turtle and the implementa-
tion of sustainable development programs. In parallel, while long-term ecological
research has generated ample knowledge on desert ecosystems, it has remained
unavailable to local inhabitants, who hold local ecological knowledge and are,
and will be, the key players and decision makers at the local scale. An interdisci-
plinary research group has responded to the challenge of linking knowledge sys-
tems in the context of global environmental change. They formed a transdisciplinary
participatory research working-team with multiple stakeholders to develop proj-
ects that reflect interests of all actors. In this chapter, we describe the process of
co-designing and jointly executing this research and further present the historic
and current development challenges in the RBM, alongside a discussion on the
adaptive potential of local communities, their production systems, and the domi-
nant ecosystems in response to government help programs, adverse climatic con-
ditions, and a strong tendency of out-migration. Transdisciplinary research brings
numerous benefits when tackling sustainable development challenges in complex
dryland SES.

Keywords Transdisciplinary research - Rangelands - MAB Reserve - Socio-
ecological Systems

Introduction

Drylands are conformed by an exceptionally high bio-, geo-, and cultural diversity
that offer a broad spectrum of ecosystem services to a large proportion of their
population (Safriel et al. 2005). Mexican drylands gave rise to important socio-
ecological systems (SES), such as rangelands, which are vital, both for the conser-
vation of multifunctional landscapes and for the human activity with historic,
cultural, and economic relevance such as livestock production. While high variabil-
ity in space and time is an inherent property of drylands to which its dwellers have
adapted for millennia (Stafford Smith and Cribb 2009), reducing the vulnerability
to scare resources and climate change (Davis 2016), current prolonged and repeated
droughts, alongside land degradation is a complex yet true reality and risk in dry-
lands worldwide.

In this chapter, through the example of the Biosphere Reserve of Mapimi (BRM)
located in the southern area of the “Bolsén de Mapimi” (an endorheic depression
typical of the mountainous areas of the dryland regions) between the Mexican states
of Durango, Coahuila, and Chihuahua (Fig. 10.1), a case study is presented to illus-
trate a dialogue between conservation and development by various actors that share
common goals but from multiple perspectives. It is the story of a group of inter-
connected people, who are normally physically separated because of the vastness
of the region. Together they seek to consolidate themselves as a team to promote
conservation programs that are developed in cooperation and collaboration with
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Fig. 10.1 The socio-ecological system of the Biosphere Reserve of Mapimi, Mexico including its
political division composed of ejidos and private lands (top left), the dominant dryland vegetation
(top right) (Rzedowski 2006; INEGI 2011) and soils (bottom left) types (INEGI 2004)

local inhabitants, and that incorporate the complexity of an integrated SES. As a
team they are more likely to provide effective stewardship achieving long-term
socio-ecological research and monitoring of global change.

Case Study: The Biosphere Reserve of Mapimi (BRM)

The Biosphere Reserve of Mapimi (BRM) was initially decreed in 1977 as an
UNESCO Man and the Biosphere (MAB) Reserve founded to protect the environ-
ment and to rescue the Bolson Tortoise from extinction (Halffter 1978; Kaus 1992).
Since their origins, biosphere reserves are expected to promote conservation,
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research, development, and education as fundamental pillars in its management
plans (di Castri et al. 1981). Thus, their establishment seeks to bridge the gap
between conservation and development (Kaus 1992). Since 2002, the BRM has
been managed by the National Commission of Protected Natural Areas (CONANP,
by its initials in Spanish), with the dual purpose of conserving the ecosystem while
promoting human development. Thus, this goal generates a complex dynamic
between the conservation policies and the productive activities carried out by the
local inhabitants (Kaus 1993; Toledo 2005). In the BRM there are 11 ejidos (the
Mexican common land tenure system) and three private ranches with a total of
approximately 326 people (CONANP 2006). They live in small isolated settle-
ments; the overall low population density is explained by high emigration rates
mostly due to the lack of opportunities of children education nearby. This SES is
integrated by various forms of land tenure and land use activities that predate the
protected area status and its official establishment.

The main socio-economic activity in the BRM is livestock production (Fig. 10.1a)
that was introduced in the “Bolsén de Mapimi™ at the end of the sixteenth century by
the Spanish colonizers (Herndndez 2001; CONANP 2006). This activity had three
important historic stages in the area: (1) the boom of “haciendas” (a Spanish large
estate property system) at the beginning of the nineteenth century, which prospered
due to the demand for meat and traction animals (horses and mules) for agriculture
and mining activities in the region; (2) the disappearance of the “haciendas” between
the decade of 1910 and 1920 due to the effects of the Mexican revolution; and finally,
(3) the creation of ejidos in the 1930s resulting from the division of the “haciendas”
and distribution among the local communities. These ejidos continued until today;
originally they raised equine livestock to satisfy the demands of traction animals in
the region. It was not until the 1960s that a sharp change in cattle production was
originated because of a drop in the demand for equine livestock (Kaus 1993;
CONANP 2006). Another important socio-economic activity that only takes place in
one ejido called Estacién Carrillo is the production of salt through “salinas” that are
saltwater wells (Fig. 10.2b).

Fig. 10.2 The main economic activities of the BRM are (a) livestock production and (b) salt pro-
duction in the “Salinas”
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In the “Bolsén de Mapimi” the distribution of dryland vegetation and its compo-
sition mainly depend on the slope, the water availability, the salinity, and the texture
of the soil, among other features (Grunberger et al. 2004). Therefore, for functional
distinctions of the region it is more adequate to divide the BRM into large landscape
units characterized of dominant vegetation following a topo-sequence with a marked
slope gradient reaching from the volcanic hills in the upper zone of the basin down
to the sebrkra (Montafia 1988a; Grunberger et al. 2004) (Fig. 10.3). Overall, there
are more than 403 plant species registered (Montaia 1988b) and the dominant veg-
etation types are xerophilic desert scrub communities with Prosopis glandulosa
Torr., Larrea tridentata (DC.) Cav., and Flourensia cernua DC located mainly in
the “bajada” and the “high playa,” and the halophytic shrubs Suaeda nigricans,
Atriplex spp., and edaphically determined halophytic grasslands (Rzendowski 1975)
with Sporobolus aeroides and Hilaria mutica (Buckley) Benth often forming
monospecific communities covering the “low playa” (Grunberger et al. 2004;
Rzedowski 2006). Large open interspaces free of vascular plants are covered by
diverse communities of soil biological crust (biocrust) composed of cyanobacteria,
green algae, lichens, and bryophytes stabilizing the soil.

SEBKRA LOW PLAYA HIGH PLAYA BAJADA HILLS
slope: slope: slope: slope: slope:
0.1-1% 0.1-1%C 0.1-1% 1-3% 3-15%
Piedmont
;
oot 3

Fig. 10.3 The toposequence of the BRM with photographs of the typical vegetation types.
Modified from Grunberger et al. (2004)



168 N. Martinez-Tagiiefia et al.

e AVERAGE OF 30 YEARS 2003
1. [1979-2009)

B K B & 8 6 8 B

Atgumutated precipitation [mm)

Menthly precipiation fmm]

ocr |
row
oic

my

|
e

e
on
e

Y |
§
EE
ey |
e

] =

183838

]
oec
"
e

Masthly precipitation [mm]
2 &5 8 8B
i
s I
ocr [
Asgumulated precipitation mm]

255k g

§Y TEfEIETERUEY 38
Fig. 10.4 Monthly precipitation values of the “Ceballos” meteorological station near to the BRM.
The graphs represent intra and interannual variation in monthly precipitation between 2003 and
2009; the first chart (top left) shows the average precipitation of the 30-year period of 1979-2009.
The available data was obtained from the Mexican National Meteorological Service (SMN 2009)

LR R R By EEgEyEe -

This region is a closed basin with large extensions of plains that have an average
altitude of 1150 m.a.s.I. (CONANP 2006). In the RBM there are soils of alluvial and
colluvial origin; the most dominant are calcareous regosols, xerosols, yermosols,
and saline vertisols (Delhoume 1992). As in other closed basins, soils of the lower
zones show a high degree of salinity (NaCl and KCl) and in the case of the Estacion
Carrillo, important saltwater wells are present and used for salt production (see
Fig. 10.3). The climate of the BRM is BWhw(e) characterized as extreme arid with
the main rainy season during the summer months (July—September) (Fig. 10.4 top
left). For the period 1981-2010, average annual rainfall is 263 mm, of which 67.5%
correspond to the summer months and 11.06% to the winter months (December—
February). The dry season can last for 8—9 months with a significantly higher evapo-
ration than precipitation rate. The average annual temperature is 20.2 °C with a
normal minimum of 10.7 °C in the month of January and a normal maximum of
27.6 °C in the month of June (CONANP 2006; SMN 2010). Nevertheless, there is a
great variation in monthly precipitation patterns between years (Fig. 10.4).

Research Focus in the BRM

After the official formation of the UNESCO MAB Reserve in 1975, the BRM was
managed by the “Instituto de Ecologfa” (INECOL); it coordinated mostly basic sci-
ence research activities in the area. Alongside the development of the biosphere
reserve, the “Instituto de Ecologia” established a research facility in a donated land
called “Laboratorio del Desierto” (Desert Laboratory) which was inaugurated in
1978. At that time, a civil association (a type of NGO) was formed giving the
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Reserve’s management a legal status; it consisted of representatives: local inhabitants,
the research institute INECOL, the National Council of Science and Technology
(CONACYT), and MAB-Mexico (Halffter 1981; Kaus 1992). The first studies in
the BRM were basic evaluations of vegetation and vertebrate populations, under-
taken by researchers from the Instituto de Ecologia, “Ecole Normale Supérieure”
from France, the National Mexican Autonomous University (UNAM), and the
“Instituto Nacional de Investigaciones sobre Recursos Bidticos” (INIREB)
(Halffter 1978).

Soon after, an integrated research program was developed to study interrelated
topics in a multidisciplinary approach. The following priorities were identified:
climate, soils, vegetation, wildlife, livestock, and human population with the com-
mon objective of exploring the potential of ecosystem production that would be
sustainable for conservation and human development (Montafia 1984). This project
developed out of common interests among the researchers and some of the ranchers
that had expressed their concerns during the reserve formation regarding limitations
of water and pasture (Kaus 1992). However, this initial momentum lost force and by
the time Kaus (1992) conducted her anthropological study in the late 1980s and
early 1990s, research was being conducted mainly in the vicinities of the Desert
Laboratory and had focused on ecological, biological, and meteorological topics
with no emphasis on livestock and human population (see Kaus 1992, p. 116-123)
for an ample description of this impressive and broadly conducted research.

Therefore, the role of researchers of the natural sciences had been “to coordinate
the available research projects rather than actively develop programs which seeks
out needed expertise, combines research results for regional application, or provides
mechanisms for local participation in research activities” (Kaus 1992, p. 115-116).
In occasions, local inhabitants were hired as labor or guides, while the relationship
between the researchers and local inhabitants was cordial there was no collabora-
tion. Some complaints expressed by the local inhabitants were described as lack of
courtesy from the local perspective, for example, leaving trash behind, damaging
fence lines, failing to close gates properly, driving fast when passing through settle-
ments, not informing residents about research activities nor taking time to visit, or
giving unsolicited advice (Kaus 1992, p. 124). Kaus’s (1992) research contributed
to the discussions on how local people might be included within a conservation
program, how development and conservations goals can be compatible, and how
conservation can benefit local human populations. She describes how the human
perspective of the RBM was usually considered from an outsider perspective. Along
this line, solutions to apparent problems that the inhabitants did not even know
existed were imposed. Hence, conservation programs were developed that ignored
alternative perceptions of the environment in which humans are not detached from
nature but are an integral part of it.

Kaus (1992) recommendations were crucial then and some still remain even
more pertinent and urgent today: (1) the need for obtaining baseline data and long-
term studies, (2) collaboration with local residents on research projects or including
residents in meetings about the activities in the protected area, (3) develop visible
demonstration of the relative benefits of alternative forms of land use or non-use or
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the meaning of conservation, (4) develop a council that binds together the community
to mediate land use and internal conflict, access to information and a voice in man-
agement practices (CONANP developed a council that will be later described in
detail) (5) apply regional research to increase the incentives and opportunities for
long-term management of the land and its resources, and (6) establishment of a
revolving fund for small conservation/resource management loans.

Biospheres promote long-term environmental research and monitoring the
effects of global change, but little attention has been given to the monitoring of
social variables such as population dynamics, land tenure, or land use that directly
affect other ecological processes and the conditions in and surrounding biospheres
(Kaus 1992). Without describing in detail all the research that has been conducted
in RBM until today, a simple search on Scopus and Web of Science databases dem-
onstrates the emphasis of ecological studies over any other studied topic (Fig. 10.5).
In search of publications, the filter item included BRM in the title, summary, or
keywords. Then, each publication was reviewed by reading the summary, or if
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Fig. 10.5 Publications on the BRM in several disciplines indexed in the Scopus and Web of Science
databases, filtered with the words “Mapimi” + “Reserve” (Scopus 2019; Web of Science 2019)
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necessary, the content to corroborate that the study was conducted in the BRM.
Finally, the publications were classified according to the area of knowledge to which
they corresponded (Scopus 2019; Web of Science 2019). A total of 66 publications
were found published between 1981 and 2019; of which, 44 articles correspond to
the area of ecology. Within the ecological studies, only 13 address the ecology of
plants, while 31 talk about animal ecology, with emphasis on mammals in 19 stud-
ies, on reptiles (9), followed by insects (3), and finally birds (1). Most of these stud-
ies focused on population and community questions and few included functional
aspects. Thus, most of the scientific studies carried out in the BRM are related to the
description of singular elements of the socio-ecological system, without taking into
account the human component that has existed in the reserve since its foundation.
Furthermore, it is relevant to remark that published information is unavailable to
local inhabitants and its access difficult and limited to other actors outside of
academia (from NGO and GO) that are currently promoting conservation and devel-
opment, thus managing the RBM.

Participatory Research Approach in the BRM

Participatory research has the overall goal of solving problems in socio-ecological
systems through the integration of scientific, technical, and local/traditional knowl-
edge (Cornwall and Jewkes 1995). This is usually accomplished with the collabora-
tion between the researcher and the local people, starting from the diagnosis of
problems to the application of solutions (Coppock et al. 2004). The implementation
of this approach provides an opportunity to integrate scientific and local knowledge
into public policies and community actions, since it promotes learning between the
different actors to flow in a bidirectional manner and between the different scales of
the system (Stringer et al. 2006). In particular, in biosphere reserves, the integration
of local inhabitants in research and in the generation of management programs is
necessary, since they use the natural resources present in their lands and they depend
on the services dryland ecosystems provide for their well-being. Besides they make
decisions on management practices using intergenerational learning, local/tradi-
tional knowledge, as well as technical knowledge learned from NGOs and GOs
capacitation programs. These factors influence jointly and directly the management
and functioning of the ecosystems of arid zones such as those that are present in the
BRM (Agrawal and Gibson 1999; Walker et al. 2009).

In order to better understand the SES of the BRM and to identify and study the
socio-ecological problems present in the Reserve through the participatory approach,
an interdisciplinary and inter-institutional group of researchers was formed with
expertise in the areas of ecology, anthropology, geography, and hydrology. The
project had three main stages: (1) exploration of general characteristics of the SES,
(2) detection of needs and interests, both corresponding to the diagnosis of the
system, and (3) the development of collaborative research projects. The first stage
began with an interview with the director of the RBM of CONANP, to become
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acquainted with the interdisciplinary and inter-institutional research group and the
objective to conducting participatory research in the RBM. The objective of this
first encounter was twofold, first to obtain authorization to work in the reserve, and
second to invite him and his team in this government institution to collaborate and
to jointly tackle this new transdisciplinary endeavor. Furthermore, two exploratory
visits were made in April and July 2017, led by one key ejido member, who facili-
tated the contact to local inhabitants and quick access to those ejidos with perma-
nent residents. During these visits, we presented ourselves as a participatory
research group, learned about the RBM from different people’s perspectives, got to
know the types and challenges of different production systems, and the state of the
rangelands. In this stage, informal interviews were conducted to identify the main
actors and key issues present in the BRM.

For the second stage of the project, in October 2017, a third visit was made to the
ejidos of La Soledad, La Flor, Colonia Ganadera, and Los Alamos to establish col-
laborative partnerships with local inhabitants and to conduct 12 structured inter-
views with the objective to learn about the relationships between the main
stakeholders and the external factors that control their decision-making processes in
the RBM. In addition, information was gathered about their needs, interests and, if
there was one, the problems of several local inhabitants of the RBM (Moraine et al.
2017) in order to identify future research opportunities. Although, a common par-
ticipatory method called Participatory Rural Appraisal (Chambers 1983) is used to
identify a community’s problems and solutions, due to lack of funding and time, and
also due to low population in the Reserve, this information was obtained through
informal and semi-structured interviews. From the total population of permanent
settlers in the RBM, 300 people belong to one ejido and the others range from 1 to
9 local inhabitants.

Within the RBM SES, four main groups of stakeholders are involved in the stew-
ardship of the reserve (Fig. 10.6): the local inhabitants, CONANP as the govern-
ment institution, the non-governmental organization PRONATURA, A.C., and the
academic group of different institutions and organizations. The local inhabitants are
the main group, consisting of people who live inside of the reserve and/or in the
surrounding villages (usually by means of a dual residency, explained in detail in
Kaus 1992) who however realize their socio-economic activities within the limits of
the BRM. As mentioned before, the main socio-economic activities are livestock
production, and in the case of the ejido Carrillo and La Flor, salt production and
ecotourism, respectively. These activities influence the quality of ecosystem ser-
vices and therefore, the quality of their lives (understood differently by the various
stakeholders in the RBM). Also, the projects granted by both CONANP and
PRONATURA play arole, because they provide technical knowledge and represent
up to 10% of the annual income of the ejidatarios interviewed.

As previously mentioned, CONANP formed a consultative council in the RBM;
it includes different stakeholders: field technicians from CONANP and
PRONATURA, local representatives, and researchers; they make jointly important
decisions such as priority of projects and allocation of budgets. This council is a
local creation that does not happen in other protected areas mainly due to the
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initiative of the director of the Reserve to promote strong local participation.
Therefore, while the RBM represents a positive example from CONANP, overall
there is still low feedback among local inhabitants and government institutions at
other scales. This council is still trying to improve cohesion and seeking better local
participation to mediate land use and internal conflict, access to information and a
voice in the reserve management scheme. While it is not the scope of the present
chapter and it is not necessarily the case in the RBM, CONANP has been criticized
for its top-down management approaches and lack of adequate management plans.
Protected land is widely dispersed, often remote and not connected throughout the
country, and their stewardship mainly follows a neoliberal conservation model,
which responds almost exclusively to economic valuation and mercantilization of
nature, with a utopic fascination for sustainable development (i.e., Durand 2014;
Guzman 2016).

Another group of interest is composed of different research groups that are pres-
ent intermittently in the BRM. As it was described earlier, these groups have been
present ever since the foundation of the reserve and while they seek to generate
scientific knowledge that can potentially serve the government, settlers, and NGOs
in designing local development and/or conservation projects, there has not been a
direct link between this group and others, especially with the local residents.
Therefore, this situation highlights the importance of generating place-based knowl-
edge in collaboration with the different actors involved (Agrawal and Gibson 1999).
In case of BRM, the conducted interviews revealed two main topics for applied
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research: (1) analysis of the quantity and quality of water for human and animal use,
which is the principal limiting resource in a dryland region, and (2) the condition of
the rangelands inside the reserve, due to the interest of the settlers to learn about the
quantity and quality of available forage for their cattle. It is worth mentioning that
these two topics were stated as a priority by local inhabitants during the Reserve
formation, in addition to having explicitly mentioned an interest in the possibilities
of seeding the floodplains or the degraded pasture areas with native forage plants
(Kaus 1992, p. 152).

As a final stage of the project, several possible research studies were identified
that included various themes ranging from socio-economic and socio-environmental
appraisals for the development of ecotourist activities; mapping and compilation of
historic information also for ecotourism and outreach activities; socio-ecological
research on organic meat production projects; monitoring of different SES attri-
butes; social conflict resolution in one ejido to solve land tenure and organiza-
tion issues; market study to explore different options for the salt production
development, and socio-ecological evaluation of the ecotourism facility. However,
the interdisciplinary participatory research team had to demarcate the scope of the
research regarding (1) funding, (2) time, (3) expertise and access to students, and (4)
local inhabitants interested in collaborating in the research project. Therefore, the
ejido “La Soledad” was chosen and it was visited again in October 2017 to form
transdisciplinary work teams to establish the research objectives and methodology
to study (1) the evaluation of the effect of grazing intensity on the ecohydrological
functionality of the rangelands (Mata-Pdez 2019) and (2) the evaluation of the suc-
cess of restoration projects implemented in the area (Lopez-Pardo 2019), both
investigations were done between January—June of 2018.

The overall goal of the first project was to understand the ecosystem functioning
in relation to cattle ranching to provide data for better decision-making in the
RBM. An ecological monitoring approach was combined with ranchers’ local
knowledge and perspective to determine rangeland health. Much was learned on the
local vegetation and soil surface conditions, cattle preferences for forage plants and
on the system’s potential to recover after what was locally referred to as a good
rainy season (Mata-Pdez 2019) (see Kaus 1992 for a similar discussion on the
recovery capacity after the rain season). Furthermore, for the second project the
goal was to propose an integrated methodology that weaves together different
knowledge systems to ultimately define from a transdisciplinary and participatory
perspective a success index to evaluate the restauration projects, whose objectives
were to retain run-off and sediments and stimulate forage production of the desert
turtle. While local inhabitants have participated with CONANP and PRONATURA
in the creation of these works, they were only occasionally asked about their prefer-
ences to select a location for their establishment. In this project, they participated
during all research stages. The monitoring and evaluation of restauration projects is
crucial, since ample resources have been invested given to this enterprise. Finally,
collaboration also revealed that the toposequence and their associated vegetation
types in the BRM (see Fig. 10.3) should be considered as different socio-ecological
contexts when designing, implementing and monitoring the local, regional, national
and internationally defined management and restauration plans.
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Historic and Current Conservation and Development
Challenges

The single most important condition for the ranchers’ acceptance of the Reserve
was land-tenure security, followed by an economic gain (Kaus 1992, p. 393). Early
on, people like Nigh (1989) questioned local participation in the RBM since they
were not part of the decision-making processes. As defined by Kaus (1992, p. 129)
the problem was that the local residents had no visible demonstration of the relative
benefits of alternative forms of land use or non-use or the meaning of conservation
during the establishment of the core area in the RBM. In addition, neither research-
ers nor the decision makers knew about the necessary natural resources, their eco-
nomic and cultural value, the social systems in place to manage or control access to
these resources, and the incentives to use the land in a sustainable manner.

CONANP has employed several participatory methodologies to collaborate with
local inhabitants, mainly inviting participation where only the people that want to
collaborate work with them. In addition to the already mentioned informal and
semi-structured interviews, nine semi-structured interviews to elders from five dif-
ferent ejidos were implemented to better understand the current challenges faced by
the management of the RBM. Different reasons from the interviewed inhabitants for
collaboration with CONANP were identified that mainly have to do with inter-
ests, age and lack of infrastructure that limits the possibility for change to a rota-
tional grazing system, and social conflict whether they were facing land tenure
and organization problems that prohibited a successful implementation of a project
proposed from the outside.

The main projects implemented by CONANP consist in faunal monitoring, soil
restauration, and RBM vigilance. In addition, PRONATURA has mainly imple-
mented restauration works in the area giving to the local inhabitants “payments
for environmental services” that seek to promote local participation. The case of
the ejido La Flor can be considered a conservation and development success story
where ecotourism was established as an alternative way of life to ranching by
promoting the establishment of a family business and giving a role to women in
the socio-economic activity of the household. As we mentioned before there is a
strong out-migration due to lack of access to education inside the RBM. An elder
explained that in most of the small ranches inside the RBM, women are abandon-
ing the ranch and young people do not want this type of life either. A complete
socio-ecological evaluation of the ecotourism enterprise is needed but it can be
said that the main perceived challenge was its limitation for growth and self-
management. Members from other ejidos want to also implement ecotourism
projects in their land but need the support of the different stakeholders participating
in the RBM.

All the interviewed people are aware of the changing climate conditions and
thus their need to lower their animal loads. It is worth mentioning that some
changes are related with more fences in the RBM that limit the potential for cattle
movement thereby limiting large herds of livestock moving extensively and freely
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throughout the range. While the interviewed ranchers want to maintain ranching,
they are seeking for alternative sources of income either through research and con-
servation projects, the promotion of ecotourism, and/or the sustainable use and
production of other natural resources like oregano, salt, mesquite, creosote bush,
among others. All the elders perceived less rain since the early 1990s in the
RBM. More detailed descriptions from two persons stated that the overall precipita-
tion pattern seems to be constant, i.e., highly variable, with a couple of good rain
years each 10 years. However, its distribution has changed notoriously since they
are now very localized and abrupt (monsoon like). In addition, all the elders remem-
bered several drought years where everything died, once even the “nopales” did.
While there is certain disagreement, some people expressed that in the present the
grasses seem to be shorter not growing as tall, and there are more scrubs of creosote
bush in certain areas.

Conclusion

In the past, biosphere reserves promoted long-term ecological research and mon-
itoring global change impacts; however, little attention has been given to the
monitoring of social variables such as population, land tenure, or land use that
directly affect other ecological processes and the conditions in and surrounding
biosphere reserves. Today it is widely known that it is important to invest in
maximizing the protection of the biological and cultural diversity of dryland SES
and in the promotion of local knowledge that provides an ample spectrum of
responses to global socio-environmental change (Chapin et al. 2009). In the
RBM, while advances have been made to determine the local perspectives on the
necessary natural resources, their economic and cultural value, the social sys-
tems in place to manage or control access to these resources, and the incentives
to use the land in a sustainable manner, more research is needed. Furthermore,
applied research is needed to continue to increase the incentives and opportuni-
ties for long-term monitoring of ecosystem goods and services and the effects
of management of the land and its resources on the functioning of dryland
SES. Through this case study, the team seeks to demonstrate how joint participa-
tory and transdisciplinary research is crucial since each actor of a SES has its own
perception of the land and its resources, its own value system, and diverse opinions
about its future.
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Chapter 11
“Women with Wings”’: An Experience

of Participatory Monitoring in a Natural
Protected Area

D. Pinedo, C. Leyva, M. Ballardo, M. A. Cordero, E. Estrada, A. Ocaiia,
D. S. Savin, Y. Savin, M. Silva, M. C. Tonche, and Y. Torres

Abstract The complexity of environmental issues focuses on the multiplicity of
actors and interests that are integrated in the management of socio-ecological sys-
tems. This approach has been analyzed from different perspectives. In recent
decades one of the approaches that have been incorporated into discourses, research,
and public policies at the international and national levels is the gender perspective.
The objective of this study is to evaluate the concept of gender, focusing on female
leadership in the environmental management actions and competencies of the
“Mujeres con Alas” (“Women with Wings”) group. This community group was
founded in 2015, in view of the need to integrate women in conservation activities
within the protected area “Reserva de la Biosfera Bahia de Los Angeles,” located on
the East coast of Baja California, Mexico. Currently, a group of 11 women carries
out monitoring, bird tourism, and environmental education activities. For this study,
an ethnography was made with semi-structured interviews and focal groups to doc-
ument and explore the role of female leadership in environmental management. The
group’s strengths, obstacles, and areas of opportunity were identified throughout the
bird conservation activities. With this analysis, it was shown how the “Women with
Wings” have taken advantage of the given natural resources and they emerged as
agents of change through the opportunities of environmental management, with col-
lective actions in favor of both the development and well-being of their community
and the natural resource conservation.
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Introduction

Gender and the Environment

Current socio-ecological problems present new challenges due principally to the
multiplicity of actors and interests that interact in the management of natural
resources (Maya and Ramos 2006). In the last decades, one of the approaches that
have dominated the discourses, public policies, and research at the international and
national levels to address these problems is the gender perspective. The gender
approach emerged in the mid-1970s as a criticism of dominant development strate-
gies. These criticisms were aimed at the need to recognize women as producers,
mainly in agriculture and to abandon the idea that their role was exclusively “repro-
duction,” that is, take care of the home, raising children, and attending husbands
(Nieves 1998; Braidotti 2004). The focus of Women in Development, WID, was the
first international approach in the 1960s that proposed the integration of women in
the present development model, which was a western and predominantly patriarchal
model (Soares et al. 2005).

Also, in the decade of the 1970s, the ecofeminist current emerged as a critique of
the male dominated development model and with the premise that the relationship
of women with nature is stronger than with men due to maternal and biological
stimuli (Nieves 1998; Braidotti 2004). In the mid-1980s, both approaches were
criticized even by feminist movements, as it was considered that women were only
being incorporated into the Western model and that they had the right to create an
alternative development model. This is how Gender and Development (GAD)
emerged in the late 1980s, which represents a transition to not only integrate women
in development but also to look for the potential that development initiatives have to
transform inequalities in women, social and gender relations in order to empower
women (Arellano 2003). Shortly afterwards, the Gender, Environment, and
Sustainable Development movement emerged, in which the man—-woman—environ-
ment relationship is analyzed. This approach indicates that men and women use and
perceive resources in a differentiated way that is why their interests and priorities
are also different (Arellano 2003). Rocheleau et al. (2004) proposed the concept of
“feminist political ecology” where gender is a critical variable that grants access to
resources and their control, by interacting with class, ethnicity, age, and culture, in
order to understand the struggle waged by women and men to sustain ecologically
viable ways of subsistence and the possibilities that society has to achieve sustain-
able development.

Thus, women participate as a key factor in community development processes
and are recognized as intermediaries in the relationship between sustainable devel-
opment and the environment, with population growth, migration, patterns of pro-
duction and consumption, and social inequalities (Arellano 2003). In addition,
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throughout history women have played important social and environmental roles,
and their political positions have had a great transforming power. For this reason,
conservation of natural resources should also consider the division of gender work
in order to achieve greater equity in the management of natural resources, which has
a clear and differential relationship between men and women (Melero and Solis
2012). This could be possible as long as the participation of women in environmen-
tal management is conditioned to access, control, and decision-making as PNUD
mentioned in 2011.!

Female Leadership

Traditionally, leadership has been associated with the male gender. This is observed
in managerial positions or representatives of projects that are usually characterized
with properties generally attributed to men as authority, control, and competitive-
ness. This characterization makes attributes considered to be more feminine, such as
orientation or concern for others, not necessarily apt to be a leader; this has fomented
biases against women in participation and access to leadership positions (Lupano
and Castro 2011).

This work analyzes a successful example of female leadership in the group
“Women with Wings” (Mujeres con Alas) to promote community and regional
development in a Protected Natural Area. “Women with Wings” developed, through
dialogue and collective action, supporting actions towards other social actors to
understand the complexity of the socio-ecological systems and to build new ideas
based on shared mental models and identities.

In addition to the construction of female leadership, the joint work of the
CONANP? officials, academy members (UABC,* UV,* and UC Irvine), and “Women
with Wings” represents an effort to implement the transdisciplinary collaboration
for sustainability (Mercon et al. 2018) that responds to the need to get involved in
bird conservation activities within the protected area.

For this study, ethnography was made with semi-structured interviews and focal
groups to document and explore the role of female leadership in environmental
management through the experience of the group “Women with Wings.” The group’s
strengths, obstacles, and areas of opportunity were identified in the conservation
activities.

https://www.undp.org/content/undp/es/home/librarypage/hdr/human_developmentreport2011.
html.

2Comision Nacional de Areas Naturales Protegidas.
3Universidad Auténoma de Baja California.
*Universidad Veracruzana.
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Case Study: Natural Protected Area (NPA) Establishment
and Female Leadership

Approximately 550 km south of the city of Ensenada, Baja California there is a
town called Bahia de Los Angeles. It is a fishing village, with a population of around
600 inhabitants. Its ecological importance places it as the site with the highest
marine productivity in the Gulf of California. This is the habitat for whales, dol-
phins, huge colonies of seabirds, whale sharks, sea turtles, as well as fish and inver-
tebrates of ecological and commercial importance (Pronatura Noroeste 2014). In
2007, this area was declared a protected natural area (ANP for its acronym in
Spanish) within the Biosphere Reserve of Bahia de Los Angeles, Canal de Ballenas y
Salsipuedes (Fig. 11.1).
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Fig. 11.1 Protected natural area map (SEMARNAT 2013). Source: Cinti et al. (2014)
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Fig. 11.2 Logo and motto
of the “Women with
Wings” group (original
design based on the ideas
of the group)
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The main economic activity is fishing, but for its unique natural and cultural
features (flora, fauna, landscape, historical and archeological sites) within the
region, this place has enormous potential in the development of tourist activities
(Andere 2017).

The community group “Women with Wings” was created in 2015 with the sup-
port of the Conservation Program for Sustainable Development (PROCODES, for
its acronym in Spanish). This program represents a national strategy to link biodi-
versity conservation with social and economic development through the participa-
tion of communities including women and men. “Women with Wings” is made up
of 11 women who carry out bird monitoring, environmental education, and bird
watching. The members of this group are women, mothers, housewives, wives, and
active community members of their locality, who carry out collective and individual
actions for the development and welfare of their family, their community, and the
ecosystem, which makes them agents of social change (Fig. 11.2).

Skills to Build Their Own Story

The “Women with Wings” group was built through a process of learning techniques
and skills to carry out bird monitoring activities. This process implied the coordi-
nated participation from the group of women along with CONANP® officials,

>Comisién Nacional de Areas Naturales Protegidas.
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academy members from UABC,S UV,” and UC Irvine. Learning to use a photo-
graphic camera to capture the birds during monitoring is one of the skills that the
group has acquired. Its members have also improved in the use of this tool and cur-
rently include stranded birds and the landscape within their photographic records.
Since these women recognize photography as a means of self-expression:

Si porque te ponian experiencias para que hicieras tu propia historia, algo de ti, algo que te
guste...

(They shared examples of personal experiences with us in order to create our own story,
something about us, something that we were interested in)®

Its members have also acquired skills on bird identification with the support of pub-
lished birding field guides:

No sabfamos los nombres, pero de que las mirdbamos, si las mirdbamos
(We did not know the names (of the birds), but we were sure we saw them, yes, we did
saw them)

Simultaneously to the identification of the birds, the group must fill in a field log to
build a database, for which they learned to use the computer and to develop data-
bases. Currently, this information is shared on eBird and Naturalista, online com-
munities of learning and sharing information about birds and other elements of
nature, where amateurs and professionals collaborate.

Capacities for Action

Capacities are related to the skills and resources to perform a task or fulfill an objec-
tive (Appendini and Nuijten 2002). “Women with Wings” meets every month to
plan and schedule activities; these meetings are also linked to the development of
other skills such as interpersonal communication and teamwork. Within the organi-
zation of activities, the group recognizes the different abilities of each member, in
order to consider them during the formation of work teams:

Ella siempre anotaba y yo siempre estoy con la foto y ahorita que agarra la cdmara pues se
le dificulta o a mi anotar porque pues estaba bien acostumbrada a la foto

(She always took notes and I was always taking the pictures. Now that she has the cam-
era, it is difficult for her to take pictures or for me to take notes, because I was so used to
taking pictures)

Planning of duties was necessary due to the reduction of financial resources for fuel
and travel expenses, either sharing paths or reducing the number of field trips per
month to optimize fieldwork and money resources. In order to accomplish the
objectives, set out on a monthly basis, they have developed a high capacity for dis-
cipline, which is reflected in a strong commitment by the women to attend to the
group’s monitoring, meetings, and activities despite the various tasks they perform

¢Universidad Auténoma de Baja California.
"Universidad Veracruzana.
8 All the paragraphs in italics are a transcription of the members of the “Women with Wings.”



11 “Women with Wings™: An Experience of Participatory Monitoring in a Natural... 187

in their homes. The tasks demanded by the group have become part of their daily
routine, even when it can be complicated at times to fulfill them:

Porque sali embarazada cuando recién inicié, entonces todo el embarazo me la pasé... salia
con mi panza, pero salia, pero ya los ultimos meses fue cuando yo empecé a trabajar nada
mas aqui, a capturar toda la informacién que me trafan... ya después cuando nacié la nifia
que me la tenia que llevar también a campo...

(I got pregnant just when I started to participate, but I participated the whole period in
all activities with my pregnant belly; during the last months of my pregnancy I worked only
here at the office and began to capture all the information they brought me. Once the girl
was born I had to take her with me to fieldwork...).

Even with financial limitations, the group has continued with bird monitoring, con-
stantly looking for alternatives to fulfill this responsibility:

Pero ya nos habian advertido esto, que iba a tener un tiempo en que no iba a llegarnos nada
y era como que tu prueba de fuego, si le sigues o te paras...

(We had already been warned that there were going to be times when money would not
come, so it was like a fire test: whether you continue or you stop...).

For the group, the ability to act (agency) is not understood as individual skill, but as
a shared possibility (to be able to do) (i.e., Ema 2004). The capacity of agency is
manifested in the actions that seek to contribute to the community, either through
environmental education in schools or actions of care for the environment and the
place where they live. The action of organizing a community bird monitoring group
reflects this capacity:

No pues, poder dejar algo, como ensefarles un poquito de educacién ambiental, de ensefar
algo a la comunidad...

(I want to be able to leave something for the community, to teach them a little bit of
environmental education, to teach something to the them).

Teamwork is recognized as one of the strengths of this group, which is linked to the
built communication since its formation. Teamwork is associated with the support
and empathy that are offered when working together:

Y adaptarnos a los problemas que se nos presenten a cada familia, porque muchas pasaron,
por decir las compaiieras, una que se fue y la otra y ellas, fue el tiempo que le dio céncer a
su papd, se perdieron de cursos, se fueron a Ensenada, fallecid, o sea fueron muchas cosas,
nos tenemos que adaptar, ellas no podian, pero estamos nosotras que podemos representar-
las en una junta o algo...

(We have adapted to the problems we face within each family. One woman’s father got
cancer, went to Ensenada to get treatment for him but he died. She lost many training
courses. Many things happened, but we have to adapt; for example, if some women cannot
attend, then we represent them in a meeting or other activity)

These solidarity actions and support among the women are also associated with the
sorority they have created between them:

-Aguantarnos nuestro genio, o también hemos aprendido al tiempo de ella, de ella, o sea,
;i qué vas a hacer? y ¢t que vas a hacer? si a veces hasta yo si veo que es mds complicado
lo de ella pues yo me adapto a lo mio

-Sororidad también, dirfa alguien por ahi...

-Es la palabrota... es nuestro lema

-Luego estamos asi jSororidad, sororidad!

(-We have to tolerate our way of being, we have also learned to do the activities when
our times coincide by asking what the daily activities of each other are.
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Fig. 11.3 “Women with Wings” performing bird monitoring. Coauthors of this chapter

-Sorority, someone would call it like that,
-which is a big word and also our motto,
-Then we are saying: Sorority, sorority!).

Sorority is a gender political pact between women, and it means friendship between
different women and peers, accomplices who set out to work, create, and convince,
there is no hierarchy, but a recognition of the authority of each single woman
(Lagarde 2009). This concept is inspired by solidarity practices between women,
friends, neighbors, or relatives and it is recognized by the members of the group
through the CONANP? officials, who intervene when it is necessary to remember
the value of the voice of each woman (Fig. 11.3). Even without developing feminist
political consciousness, they build relationships of mutual support and trust, not
always conscious that this serves to sustain themselves within the patriarchal system
(Royo et al. 2017).

Communication and teamwork skills are related to each other, since the develop-
ment of communication between the women promotes teamwork. The women of
the group recognize that the dialogue has allowed them to reach agreements and
resolve misunderstandings:

-Hablar las cosas

-El didlogo

-¢Qué nos han hecho? Que nos han juntado y sabes que hay que hablar aqui las cosas
que no estamos contentas...

-¢Qué andar hablando las cosas alld? Las cosas se arreglan aqui...

?Comision Nacional de Areas Naturales Protegidas.
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(-To say things,

-Dialogue,

-What have they done to us? They have gotten us together, and we know that we have to
talk things here and say what we don’t like...

-Rather than talking about those things somewhere else, we fix issues here).

The communication is not only associated with the dialogue between the group, and
it is also the ability to communicate and express themselves in front of other people
and groups. Some members explain that being part of the group has allowed them
to develop this capacity:

Porque a mi no me... no sabia explicar y pararme ah{ enfrente que me hicieran preguntas y
decia, no puedo

(Because I didn’t know ... I did not know how to explain or stand there in front of other
people who were asking me questions and I used to think I could not do it).

The environmental education activities carried out in the community schools allow
the developing of communication skills, and an increment in confidence and the
disclosure of the done work. The community/social feeling is associated with the
ability to relate to others and the willingness to cooperate with them in order to
achieve an effect on the community: “see with the eyes of another, hear with the ears
of another and feeling with the heart of another” (Oberst 2002). Since its formation
until now, the group has managed to organize its monitoring work; even with eco-
nomic deficiencies they continue working since they have appropriated the project:

-O sea, como que ya lo agarramos... aunque no nos estén pagando
-Como comunitario
-Porque las amamos...
(-I mean, considering that we were working anyhow, even though they do not pay us,
-As a community member,
-Because we love birds...)

Best Practices

The environmental education within the “Women with Wings” group is a process
that happens mainly in the family nucleus, when they participate in the bird watch-
ing activities they include their daughters, sons, and husbands. It is recognized that
environmental education is necessary for the community and that their work within
the family can multiply and create an impact at the community level:

Como que ya 10 mujeres, como quiera esas 10 mujeres tienen su familia, y esa familia tiene
mads familia, ya se corre la voz, ya hay mas educacién ambiental, ya cuidan mas pues...

(We are 10 women already, and those 10 women have their family, and that family has
more family, this helps spread the word; now there is more environmental education, and
we protect the environment better...).

The influence of women in the family nucleus is strategic in the attitudes and habits
that foster a paradigm shift for the care and use of natural resources (Galvis 2009).
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Sharing with their families encourages interest and involvement in bird
identification:

Ahora los maridos llegan y: “a ver mija, tu guia versa, porque ahi anda un ave y veras vimos
que tenia asi y asa”

(Now the husbands come and say: “let’s see your bird guide, because there is a bird and
looks like this and like that™).

The group also recognizes the practices that damage the environment and they adopt
new attitudes of appreciation towards birds and the ecosystems they live in:

Simplemente de que tirdbamos basura y ahorita ya no, ahorita es: “jHey! no la tires por la
ventana, échala aqui en una bolsita y cuando haiga un bote de basura pues la tiramos”

(We used to dump the trash everywhere and now no more, now we say: “Hey! Don’t
throw the trash out the window, here is a bag and when we see a trash can, we dump it
there”)

Being part of this group that carries out a conservation activity has influenced their
habits. Women are the administrators of environmental resources in the domestic
activities and they possess knowledge of local environmental processes, but the
impact on their home and in the community is not recognized. However, women
consider themselves more prepared to make changes in habits and they organize
themselves to contribute to the protection of the environment (Arora 2011).

Foundations of a Social Identity

Identity is constructed from values, culture, and symbols that are shared among
social actors, groups, and collectivities. It is formed by the accumulation of memo-
ries that a group or person carries with itself (Grayling 2002; Mendoza 2009). The
collective memory of the group is formed by significant memories and anecdotes,
from its origin to the present. The moment they decided to be part of a women group
who performs bird monitoring is one of those memories:

-Alguien le avis6 a Saul Espinoza creo, le avis a la Karla

-A la Karla para que viniera la Andrea a ver de qué se trataba, que le gustaria que
hiciéramos un grupo y fue asi como que “no pues como que si” y ya que vimos lo fuimos
planteando, pero mas bien, la verdad uno se viene por lo econémico, porque todavia no le
agarras amor al arte... hasta que ya estas ah{ asi que asi empezo... fue por la parte de que “no
que hay un proyecto, que se baje un recurso” y pues orale, y pues que metiéramos papeles
porque podiamos meter otras 10, otras 10, otras 10, y como se aprobara...

(-I think someone told Saul Espinoza, and he told Karla.

-Karla told Andrea to go and figure out what it was all about, finally she wanted us to
form a group and that is how the group was created. At the beginning, honestly, we entered
for economic reasons, because we still did not do it for the fun of it ...then, we learned we
could submit paperwork to apply for funds and resources; that is how we started and then
we could add more and more [women] 10 after 10 after 10 as approved).

With this memory, the group recognizes that the original motivation to start up this
project was to receive financial support that would give them greater solvency and
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that in the process of formation they began to commit themselves and to enjoy the
activities proposed.

Another memory they highlight is the Christmas count of 2017, as an activity of
acceptance and involvement of their families in the monitoring. Each of the mem-
bers shared with their families the activities they usually do in monitoring, teaching
them how to use the tools, identify the birds and collect the data:

-El afio pasado hicimos un conteo navidefio donde los esposos se involucraban, era por
familia el conteo navidefio, entonces se dividieron las zonas, entonces estuvo bien padre,
iba yo, mi esposo y mis dos hijos y no pues ti el GPS, td los miralejos, yo lo apunto y pues
andaban emocionadisimos, ella con su familia, ella con su familia, todo fue individual y en
diferentes partes...

-Y en diferentes sitios

-Y terrestre y marino

(-Last year we did a Christmas bird count, where the husbands got involved. Each fam-
ily participated in Christmas count and zoning was assigned by family; it was incredible.
My husband, my two children and I divided the work, one took the GPS, the other the bin-
oculars, I registered the data. All the families were very excited

-At different sites

-Both in marine and terrestrial ecosystems).

This activity induced a change in the attitude of family members, because when all
of them participated, they concluded that the activity was important for the
community.

An important memory for the acceptance and recognition of the group by the
community was the phenomenon of mortality of some birds in Bahia de Los
Angeles:

-Habfa personas que nos avisan, a mi en lo personal una prima de mi esposo me dijo “;qué
estd pasando? hay mucho pato tirado” “;ah si? jen qué zona?”, “no pues en esa” y ahi
ibamos nosotras y ya me decia Saruhén, no pues llévate la pesola ;no? una chiquita, y el
vernier, y mide y llévate guantes y ya yo me llevaba al nifio y yo y a mi esposo y hasta 100
zambullidores en bolsas, los que estaban mas frescos mandarlos a estudiar, y ellos bien
involucrados, ya ella haciendo otra zona o “no pues yo voy hoy”,

-Desde que pasé eso fue cuando la gente ya empezé como a avisar porque si hubo
mucho zambullidor muerto,

-Era mucho,

-Yo de ahi noté que como que ya cualquier cosa avisaban “hay un animal alld”... (-There
were people who came and told us; a cousin of my husband said: “what’s going on, there
are a lot of ducks lying around.” So, I asked her in what area and she pointed towards it.
Then we went to check it out; we took the equipment to weigh and measure the ducks (a
scale and the Vernier) and gloves. I went with my son and husband; we weighed and mea-
sured up to 100 grebes, those that were still fresh we sent for analysis. This is how the
community got involved and we worked in different areas,

-And people continued to indicate more sites with dead grebes,

-There were many of them...

-Ever since then, people began to inform us...).

The involvement of “Women with Wings” in documenting this phenomenon gave
them the recognition of the community; since that moment they were identified as
agents for environmental care.
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The collective memory of the group has been formed through attitudes, and cog-
nitive and effective practices. The group has its memory and discourse that allows it
to appropriate the monitoring activities and to affirm its identity as a group, as well
as cement their permanence in the community (Pdez et al. 2007; Mendoza 2009).

Self-recognition is the reflective process by which a person acquires the notion
of his/her self and his/her own qualities and characteristics. Each member of the
group had his/her own process of self-recognition; however, the sense of belonging
to a group has supported this process.

Since their formation, they have faced challenges at a personal, family, and com-
munity level. Now “Women with Wings” are able to identify qualities that they did
not recognize before belonging to the group, such as the ability to achieve objectives
and the freedom to carry out interesting activities. Being housewives does not deter-
mine your level of competence. In relation to the gender roles established in their
families and in the locality:

-Pues me siento capaz, que a pesar de todo puedes hacer tus cosas, que, a pesar de los hijos,
del esposo, de todas formas, que eres ama de casa y todo tienes, y sales puedes salir adel-
ante, o sea todas tus cosas puedes cubrir...

-Pues me siento ttil, primero que nada, porque pues es otra cosa que hacer aparte del
hogar y de atender a tu esposo y a tus hijos. Pues haces otra cosa y pues que me gusta. ..

(-I feel self-confident that, in spite of everything, you have plenty of time to do your
things, in spite of the children, the husband, being a housewife, having to do everything,
you can get ahead, you can do all your activities ...

-1 feel useful, first of all, because it is another thing to do apart from housework and
attending your husband and children. You can do something else and I like that...).

Being part of this group that actively participates in conservation activities in the
community has generated self-esteem and created certainty about the importance of
the activities and their impact on the community and the family. Self-recognition is
also a reflection of the results in the community, of the interest, and acceptance of
the activities that the group performs:

Pues me siento importante, también, porque ya a la gente le interesa, le importa que sabes,
de que asi pues de un animal o algo ya te lo hacen saber, ya saben que a uno le importa las
cosas que estan pasando...

(I feel important because people here are starting to be interested, they care about what
I know, if they have information about animals or what they know about them, they tell me
or let me know about it since they know I care for...).

The monitoring activities, the coexistence with other women, the acceptance and
recognition of the community give the women courage, decision power, and motiva-
tion to continue doing the activity that they like and that allow them to enjoy their
freedom:

-No sé, pero ya somos Mujeres con Alas porque...

-Mujeres: Porque andamos volando

-Ya no nos tienen agarradas

-Nos sentimos libres

-Ahora si ya no nos van a parar, no podemos parar porque se va, va a decir tanto que
inverti mi tiempo, mi espacio para que estas sefioras paren cuando yo me vaya
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(-Now we are “Women with Wings”, because ...

-Women: Because we are flying.

-They do not stop us anymore.

-We feel free.

-They are not going to stop us anymore, we cannot stop because she’s leaving; she’s
going to say: “so much of my time and place that I've invested for these ladies to stop when
I leave...”).

Gender Roles Within the Community

Gender roles are those social norms and behaviors that are considered socially
appropriate for people of a given sex. Bahia de Los Angeles is a fishing community,
men go fishing and women take care of their children and their homes. It has been
men who traditionally participate in conservation activities. Thus, gender roles are
reflected in the opposition of their husbands to participate in activities outside the
home:

Unas experiencias de mi compafiera que es lo contrario pues ella si batallé para que su
marido viera que si era verdad porque a lo mejor que decia “estds perdiendo el tiempo
Alejandra no te vaya a dar equis pero ya cuando el vi6 era en serio...”

(One of the women struggled to have her husband see that we were involved in a serious
activity, he said, “You’re wasting time Alejandra”, until he realized that it really was a seri-
ous activity...)

This opposition was not only within the family nucleus but also in the community.
Because of social construction one associates women in the home, in the kitchen
and with their children, not on the sea or at the beach, monitoring birds and least
generating income from that activity:

-Era asi de “en lugar de andar ahi, vdyanse a limpiar su casa” comentarios asi, entre la
misma familia, eran comentarios como de “;qué hacen ahi?” pero no saben que uno emp-
ieza a amar lo que hace, es como en cualquier cosa...

-Ahora del diplomado decian “van a perder tantas horas ahi sentadas, para nada”

-Las credenciales dicen que no nos las van a mandar...

(-People said: “instead of going there, go clean your house”, that sort of comments,
Even within our own family they made comments like: “what are you doing there?”” But
they did not know that you start loving what you do, it's like with anything else you do...

-When we took the workshop they said, “you are going to waste so many hours sitting
there for nothing”

-They say that they’re not going to send us the certification cards)

Creating a group of women who carry out bird conservation activities shows dis-
satisfaction with the established gender roles; it represents the challenge of demon-
strating through different actions the capacity they have as women, mothers, and
housewives to carry out other activities that have an impact on the environment and
in the community:

También pues demostrarle a la gente que no era nomas entrar a un grupo y yay también que
las mujeres podemos...
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(We did it also to show people here that it was not just to enter a group and that was it,
but also that we women can...)

The satisfaction is experienced when receiving the recognition from the community
and families, feeling that the family is interested and involved in monitoring activi-
ties and environmental care:

Entonces el nifio le decia a la nifia porque son de la misma edad, que su mama también era
maestra, que era maestra de las aves, que no sé qué... o sea ya los niflos empiezan a, empie-
zan a querer las aves, o sea empezamos de casa, ya ellos... en la escuela, a sus
companeros.

(Then a boy commented to a girl, they are the same age, that his mother also was a
teacher, that she was a teacher of birds, that means, that the children begin to love the birds.
That’s because we teach them at home and then they do the same at school with their
classmates)

These actions are rewards that allow them to stay motivated and to face any future
challenges.

Final Considerations

Recently, “Women with Wings” were certified by the Ministry of Tourism as
“Nature-oriented Tourism Guides with Specific Activity in Environmental
Interpretation.” Completing this certification despite economic and family chal-
lenges left a sense of well-being in the group; this is the culmination of a goal and
the scope of a personal aspiration. “Women with Wings” have appropriated the
monitoring work and also recognize that even without receiving an economic ben-
efit, the love and commitment to birds, ecosystems and the community motivates
the group to continue with conservation actions. The sense of belonging empha-
sizes its relationship with the well-being of people, it is defined as a feeling of
belonging with a certain group or environment (Brea 2014). Its members have
appropriated the community bird-monitoring project. Despite not having been an
initiative of the community, it is now part of it, which has made this project suc-
cessful. Each of the members of “Women with Wings,” from their individual and
collective actions, seeks the development and well-being of their family and com-
munity. As a group, it recognizes and accepts the differences of its trajectories, and
seeks to organize themselves to create a positive impact on their community.
Individually, from their role as mothers and wives, they engage in conservation
tasks and modify habits so not to harm ecosystems. Also, they recognize the capac-
ities they have, value and execute their power of decision to benefit themselves and
all their family.
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Chapter 12

Sustainability Assessment in Indigenous
Communities: A Tool for Future
Participatory Decision Making

D. Galvan-Martinez, I. Espejel, M. C. Arredondo-Garcia,
C. Delgado-Ramirez, C. Vazquez-Leon, A. Hernandez, and C. Gutiérrez

Abstract Developing an adequate set of indicators and a more consistent method-
ology to assess sustainability in a community is a task that requires understanding
the level of viability of the systems involved and their contribution to sustainable
development. The objective of this research was to design and apply an index to
estimate the sustainability of rural indigenous communities characterized by inter-
cultural processes. Three communities inhabiting the arid zones of Baja California,
Mexico: Pa Ipai, Kumiai, and Cucapd are the study cases. To develop such an index,
a review was made of the most common indicators used worldwide for measuring
sustainability in rural communities. The method to reduce and focalize the list of
indicators consisted in identifying indicators from the answers given to question-
naires applied to 166 individuals chosen at random in the three studied communi-
ties. The answers were analyzed applying the content analysis qualitative tool. The
responses were assigned a weight ranging from 0 to 1 according to the remoteness
(0) or proximity (1) to sustainability of response. The results depicted, in a spider
graph, that the Pa Ipai community has the highest values towards sustainability,
while Kumiai is on average and, the community of Cucapd with the lowest values
and, therefore, far from achieving sustainability. For the particular case of the
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indigenous communities’ native to Baja California, the complexity of social and
economic problems that arise can be attenuated if project proposals emanate from
the same community, respecting the traditional social organization and family orga-
nization during their implementation. Our results provide elements to design and
evaluate public policies on indigenous issues at the local level, so it is suggested that
the indicators proposed in this research be contrasted with other rural indigenous
communities of the drylands.

Keywords Sustainable development - Rural public policy - Interdisciplinary
indicators - Mexican indigenous people - Baja California

Introduction

In terms of cultural identity, apart from the social and anthropological elements that
give a group the keys to be unique are the links with the environment and the use of
ecosystem services. This is a specific idea of what cultural identity is, provided that
the concept and the idea of the environment is integrated into social and anthropo-
logical aspects. In addition to the above, the self-perception of indigenous commu-
nities leads to identify elements that describe their relationships with the environment
and, therefore, identify themselves as part of nature, as an element that interacts, or
on the other hand, a superior element owner of natural resources (Pretty et al. 2009).
This construction of cultural identity tends to be inclusive (social and environmental
aspects) in order to generate a clear and unarguable culturalism concept that is use-
ful to represent the essence of a native community. The culturalism is an idea of the
self-perception including those elements that are relevant to explain the history and
values of a society or a community, and the relationships forged with the natural
surroundings. While cultural identity is recognizable and understandable, intercul-
tural will be possible to explain it as the relationship that arises from interactions
between individuals and groups with particular cultural identities (Grimson 2001).
It is important to observe the issues that arise from intercultural and interpret them
through a comparative process to explain the relevance of the environment, how this
is integrated into the economic cycle, how different communities explain their per-
ception of the ecosystem, and how they perceive themselves in the environment.
Therefore, the techniques used in an intercultural research become extremely
important in order to obtain satisfactory communication.

To improve intercultural relations among researchers, developers, and the local
people that will benefit from the project outcomes, a new way of starting project
design has been proposed recently. Co-design and co-generation of knowledge is
fully recommended (Schuttenberg and Guth 2015) and researchers from the human
sciences become key persons in the research teams. In this chapter we selected a
study case to show how traditional ethno-ecological studies start, how it changed
while doing it, and how it must be developed if applied by the communities them-
selves. The research started by a question developed by a student (first author) as the
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typical questionnaire that natural scientists create when interested in ethno-ecological
subjects. The answers to some selected questions were interpreted using a qualita-
tive technique. Single or clusters of similar responses were used to select indicators
of sustainability and then, these indicators were combined to “measure” the com-
munity sustainability. The final results were presented in the localities and the atten-
dants mentioned to agree with the model and the indicators because they were
understandable. A new form of presenting the results was performed and given as
poster with the infographics to the communities. The spider graphs show the weak
parts of their community sustainablity. Now, the communities willing to reach its
sustainability have to organize and decide how they are going to get to the ideal
model.

The communities are the people of the drylands that have developed life models
according to the water scarcity (Morales 2003). They are indigenous groups of
northern Mexico belong to the cultural zone of Arid America; characterized by
being hunters, gatherers, and anglers (Gémez and Sanchez 2014). The word
“Aridamérica” was described for the first time by the Kirchhoff (1954), due to the
predominant desert climate, the feeding situations, and the water scarcity of these
regions. According to Delgado (2008), Baja California is one of the states related to
this cultural area of America, dominated by a hydrological, geographical, climatic,
and cultural group of conditions. The prehispanic Indians of the peninsula come
from the Yumana or Yuma family, which occupy the southwestern United States,
their subsistence forms, and ability to adapt to the geographical environment of the
arid zones characterize them (Rogers 1945). It has estimated that the population in
the peninsula in pre-Hispanic times amounted to 50,000 inhabitants. Over time they
were subdivided into quilihuas or cahuillas (Kiliwa), in the Sierra de San Pedro
Matrtir; the cocapds or cucapds (Cucapd), on the banks of the Colorado River; the
yumas (Paipai), of Santa Catalina, in the mission of that name; the dieguerios
(Kumiai), in the Ensenada and Tecate region, looking for water and opportunities to
stock up in inhospitable territories (Martinez 2011) (Fig. 12.1).

Cultural Indicators and Models

Although researchers have identified specific cultural indicators for indigenous
communities (Del Val et al. 2008), we found no sustainability model integrating all
aspects of sustainable development (i.e., ecological, social, and economic indica-
tors) or including indicators of high relevance for indigenous communities, such as
cultural or political indicators. Galvan-Martinez et al. (2016) proposed the Model
for the Estimation of Indigenous Community Sustainability (MEICS-MOSUC by
its Spanish Acronym) as an integral tool for measuring communities’ achievements
towards sustainability. In a previous stage, the authors reviewed currently applied
theoretical approaches to sustainability and sustainable development in rural and
indigenous communities, the indicators of sustainability available in Mexico, and
the accessibility to local level information. The review allowed for choosing three
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Fig. 12.1 Location of studied Indigenous communities of Baja California, Mexico

theoretical approaches that, beyond their divergences, are all focused in quality of
life, welfare, and challenges faced by people living in rural areas: The Community
Model of Sustainable Development (CMSD) (Toledo 1996; Barkin 1998); the Buen
Vivir (BV) (Gudynas and Acosta 2011), and the Sustainable Livelihoods Model
(SLM) (Chambers and Conway 1992). After developing a conceptual synthesis of
the three chosen approaches, their differences and similarities were analyzed for
appraising the importance of each component of the selected models to be inte-
grated in a definition of indigenous community sustainability. Afterwards, retaking
the information pyramid (Hammond 1995; SCOPE 1995), the MEICS index of
community sustainability was defined integrating five sub-indexes and 20 ecologi-
cal, social, economic, political, and cultural indicators.

The Future Use of Community Sustainability Indicators
and Models

Developing an adequate set of indicators and a more consistent methodology to
assess sustainability in a community, a country, or the world is a difficult task that
requires understanding the level of viability of the systems involved and their contri-
bution to sustainable development (Liu et al. 2017). Independently of these
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difficulties, joining the Sustainable Development Goals 2030 (UNDP 2019), Mexico
committed itself to develop actions aimed at generating indicators to measure the
progress made towards sustainable development and to evaluate policies and strate-
gies aimed at that objective (UNDP 2015). Since the former Program of Action for
Development Sustainable Agenda 21, Mexico developed the National System of
Environmental Indicators that includes a set of basic and key indicators that provide
a brief description of the current situation of the country’s environment and natural
resources, the pressures that affect them, and the institutional responses for its con-
servation, recovery, and sustainable use (SEMARNAT 2015). The system has been
updated according to the Agenda 2030. The Mexican government committed to
implement the Agenda 2030 for Sustainable Development and move from the
Millennium Development Goals (MDGs) to the Sustainable Development Goals.
Therefore, the country is committed to include the different social actors including
the indigenous peoples in the implementation of the Agenda, specifically in Objective
1 (without poverty), Objective 10 (reduced inequalities), and Objective 3 (cities and
sustainable communities) (Sustainable Development Knowledge Platform, 2017").
Currently Mexico has developed some disaggregated indicators for state, municipal,
and main cities (Information System for Sustainable Development Goals?); how-
ever, the rural communities remain without estimates of sustainability particularly in
drylands.

Description of the Case Study

The objective of this study was to measure MEICS index values of three rural indig-
enous communities inhabiting in the arid zones in the state of Baja California,
Mexico. The results provide local level information needed for indigenous commu-
nities and external decision-makers—jointly—to analyze, reorient, and evaluate the
actions necessary to make advances towards sustainability, and to provide elements
for designing and evaluating public policies aimed at local level indigenous issues.

Study Area

The model was developed integrating three of the four indigenous communities of
Baja California: The Cucapa occupy the settlement of El Mayor Cucapd. The
Cucapa territory includes part of the alluvial plain of the Colorado River to the east,
the rocky massif of the Sierra el Mayor, and the Laguna Salada Basin. The Kumiai
people are settled in San Antonio Necua in the municipality of Ensenada. The Pa
Ipai community inhabits the settlement of Santa Catarina that is located southeast of

https://sustainabledevelopment.un.org/.
2 Agenda 2030 http://agenda2030.mx/#/home.
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Ensenada (Fig. 12.1). The other indigenous community named Kumiai was not vis-
ited for security reasons, but some people living in Ensenada were interviewed and
their answers were used for the discussion of the results.

Methods

The theoretical indigenous community sustainability assessment model MEICS
previously proposed by Galvdn-Martinez et al. (2016) was subjected to practical
evaluation among the three rural indigenous communities, implementing the pyra-
mid of information proposed by SCOPE (1995) and Hammond (1995) in two stages
(Fig. 12.2 left). Stage 1 corresponds to previous design of the MEICS by a top-
bottom process (published in Galvdn-Martinez et al. 2016), and stage 2 was the
approach adopted in this paper, followed by a bottom-top process (Fig. 12.2 right).
Stage 2 consisted in identifying indicators from the answers given to questionnaires
applied to individuals chosen at random in the three studied communities, and after-
wards assigning numerical values to them in ranges defined by the results of the
questionnaires.

The questionnaires were designed based on the theoretical aspects considered by
the three above-mentioned approaches to sustainability assessment (CMSD, BV,
and SLM). Analyzing differences and similarities relevance criteria were defined
for each aspect in order to allow the evaluation of the importance of each element

Mosuc
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community sustalnability

_ l

Ecological, Social, Economic, Politic
and Cultural Sub indexes
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@
& 1
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Fig. 12.2 Information Pyramid, modified from SCOPE (1995) and Hammond (1995) (left), and
the Model of Estimation of Community Sustainability (MEICS) designed by Galvan-Martinez
et al. (2016) (right)
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for being integrated into the model. Therefore, 20 aspects were selected and trans-
formed into indicators, and converted into a question. Such questions were later
polished aided by expert advice until the final questionnaire was integrated with 18
questions providing data of the 20 selected indicators (Table 12.1).

A total of 166 questionnaires were applied, 51 in the Kumiai community of San
Antonio Necua (29 women and 22 men, between 18 and 70 years), 56 in the Cucapa
community of EI Mayor Cucapa (34 women and 22 men, between 18 and 83 years),
and 59 in the Pa Ipai community of Santa Catarina (38 women and 21 men, aged
between 18 and 73 years). The answers were analyzed applying the content analysis
qualitative tool, and the responses were assigned a weight ranging from 0 to 1
according to the remoteness (0) or proximity (1) to sustainability of response. For
example, in the case of Indicator 9: Hybridization of medical knowledge, weight
was assigned based on content of answers as explained in Table 12.2.

Subsequently, the values for each indicator were averaged, and then added,
according to the number of indicators in each sub-index (ecological sub-index, 5
indicators; social sub-index, 5 indicators; economic sub-index, 4 indicators; politi-
cal sub-index 2 indicators, and cultural sub-index 4 indicators were added), the
result is the value of each sub-index. Since indigenous culture is the point at issue
of the proposed definition of community sustainability (Galvdn-Martinez et al.
2016) therefore the obtained values of the ecological, social, economic, and politi-
cal sub-indexes were weighted multiplying them by the cultural sub-index value,?
and the results of the products were added to obtain the values of the MEICS index
by using the algorithm:

MEICS =% [Ecol,Pol,Soc,Econ (Cult)}

where MEICS is the sustainability index of the analyzed community, Ecol is the
ecological sub-index value, Pol is the political sub-index value, Soc is the social
sub-index value, Econ is the economical sub-index value, and Cult is the cultural
sub-index value.

This methodological approach differs from that of cultural capital that makes
reference to the factors that provide human societies with the means and adapta-
tions to deal with the natural environment and actively modify it (Berkes and Folke
1994). As mentioned before, the methodology itself was not participatory since the
actors did not select or argue with the researchers all the decision made during the
research, but the final outcomes liked because understandable and can be used as a
starting point of a participatory process for the construction of the community
sustainability.

3 An analogous methodology to that applied here can be found in Seingier et al. (2011).
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Table 12.2 Example of Content of answer Value of answer
assigned weight of answers No access to medicine 0

Prefer allopathic medicine 0.5

Prefer traditional medicine 0.5

Use both 1

Results

The results of the model performance applied to the indigenous communities of
Baja California, Mexico are shown in Fig. 12.3 and Table 12.3 and explained in the
following text.

Ecological Sub-Index

In general, the studied indigenous communities are well adapted to their ecological
environment and have extensive knowledge about the natural resources in their sur-
roundings. The former assumption coincides with answers given by the representa-
tives of the three studied groups. The Cucapd, Kumiai, and Pa Ipai have high
ecological sub-index values since they use natural resources (Santos 2013) follow-
ing traditional management practices and seeking to care for them by means of
conservation strategies. Although interviewees perceive changes occurred in envi-
ronmental resources, they mentioned that communities have implemented adaptive
strategies. Most of the interviewed Cucapa in El Mayor Cucapa perceive a remark-
able decrease of terrestrial animal populations that has probably resulted from the
decrease in water flow of the Hardy River and wastewater discharges in the Laguna
Salada Basin. Some also mentioned a diminished abundance of fish and migratory
birds like ducks, herons, pelicans, and seagulls. As a result of the degradation of
their habitat, the Cucapa have modified their traditional economic activities or
adopted new ways of life to reduce their dependence on natural resources, such as
seeking employment outside the community instead of continuing fishing as they
did traditionally (Santos 2013). Some of the interviewed Kumiai have also observed
a decrease in plant populations adjacent to their community, which worries them
due to the intensity of the process. While some interviewed Pa Ipai report that the
natural resources of their community have changed, some considered their liveli-
hood has not been severely impacted. However, the plundering and increased aridity
of Yuman land has led to abandonment of subsistence activities directly linked to
primary production. That is the case of harvesting from the wild of the palmilla or
Mojave yucca (Yucca schidigera) by the Pa Ipai of Santa Catarina and the Kiliwa of
Arroyo de Le6n.
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Fig. 12.3 Sustainability index expressed in a spider graph
Table 12.3 Sustainability values obtained
Economic Social Political Ecological Cultural Total
Cucapd 1.95 2.96 0.75 3.15 4 35.24
Kumiai 2.51 3.7 0.92 3.41 4 42.16
Pa Ipai 22 4.15 1.48 4.21 4 48.16
Ideal 4 5 2 5 4 64
See Fig. 12.3

According to some interviews, they perceive modifications in their surroundings,
but a Cucapd and a Kumiai mentioned that they have implemented adaptation strate-
gies such as going further away to gather scarce resources or replacing missing
resources with others. Some interviewees mentioned that in certain cases, the gov-
ernment has applied reforestation programs and projects aimed at resources of cul-
tural or economic importance to indigenous communities. In addition, some
interviewed Cucapd mentioned that they try to adapt when the closed fishing sea-
sons occur by finding alternative jobs. On the contrary, some interviewed Pa Ipai
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said that the changes in their community have not affected them strongly and that
there was no need to develop any adaptation strategy. Nevertheless, Garduiio (2015)
quotes that primary productive activities in the Pa Ipai community, such as harvest-
ing of palmilla, subsistence beekeeping, and other traditional practices have experi-
enced a downtrend. This author also mentions that while primary economic activities
take place within the Yuman settlements, waged jobs must be found outside them,
resulting in 71.6% of the Yuman economically active population being migrant
(Garduiio 2016).

Political Sub-Index

The three communities analyzed here face socio-ecological conflicts; in order to
explain such conflicts a political sub-index is used relating the prohibitions affecting
the right to use their natural resources. The Paipai community of Santa Catarina
recorded the highest value of political sub-index, since all interviewees mentioned
that the territory restricted to their community is respected by their neighbors. In
addition, most of the interviewees consider that socio-ecological conflicts are in the
process of being resolved by the authorities. Contrary to what happened with the Pa
Ipai Jamao community where they were dispossessed of land.

The Kumiai had a lower value because most of the interviewed people consider
their neighbors do not respect their territory. According to one interviewee, the
Kumai face territorial conflicts with the owners of a winery, which pretends to adju-
dicate land located within indigenous community territory. The Cucapd had the
lowest value since the interviewed people refer three types of socio-ecological con-
flicts: water sources, intrusion into their territory, and fishing restrictions. The water
sources conflict perceived by some interviewed Cucapd is about the decrease in
water level of the Hardy River by the US Hoover dam and the pollution of the
Salada Lagoon by wastewater discharge. Some interviewed Cucapd mentioned that
this conflict involves legal restrictions denying their recognition as native settlers—
and, therefore, having differentiated rights—that prevent them from fishing in the
Colorado River.

Social Sub-Index

The Pa Ipai had the highest value due to the communities’ optimistic vision of the
future and to equitable participation in decision making; an indispensable element
for the achievement of development in rural areas. Analyzing the interviews, we can
say that the Kumiai have also achieved a combination of modern and traditional
knowledge in education, food, and medicine.
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Kumiai community recorded a low value due to their lack of participation in
decision-making issues arising from agrarian law; in addition, most interviewees
have a less optimistic perception of the future. A positive aspect is that the indige-
nous language is taught in primary school, and residents are satisfied with teaching.
The Kumiai emphasize the fundamental role of language teacher, whom they per-
ceive as a pillar in safeguarding their cultural values.

In contrast, the Cucap4 native community recorded the lowest value attributable
to factors such as low participation in decision making, the pessimistic perception
of the future, and the prevalence of modern uses in medical aspects, education, and
nutrition. Villareal (2014) described that the current diet of Cucapd includes many
processed foods, causing high levels of glucose in the blood and several cases of
type II diabetes mellitus (Camarena 2009).

Economic Sub-Index

It is important to mention that economy of the three groups is mainly based on pri-
mary sector activities. The community of Kumiai registered the highest economic
sub-index, and the underlying reason is the supplements of its economy, like hunt-
ing or raising animals and planting or harvesting plants. This is probably due to the
influence of the predominantly agricultural economy in the region and, to a lesser
extent, to the development of animal husbandry (intensive and extensive). The inter-
viewees of San Antonio Necua considered that their economy is attached to the
Valle de Guadalupe because they are hired as farmers or laborers in neighboring
ranches.

Furthermore, the Pa Ipai community presented a lower value due to the limited
activity of cattle breeding, which is discouraged by the cold and dry climate (Wilken
1998). However, the Pa Ipai interviewees mentioned that they complement their
economy collecting pine nuts (Pinus pinea, pifion), some of them have orchards that
provide seasonal vegetables and supplement their income with federal government
programs.

The Cucap4 have the lowest value since they do not complement their economy
with agricultural activities of self-subsistence. Nowadays they try to continue fish-
ing, but the fluctuations in the volume of the river and the pollution of residual
waters of the Laguna Salada basin (Villareal 2014), plus the fishing seasons imposed
by the national authorities, make it difficult to continue their fishing activity.
Therefore, some of the Cucapa interviewees mentioned that they look for employ-
ment in surrounding ejidos or even at the city of Mexicali in order to obtain mone-
tary income. They also mentioned that they supplement their income with federal
government programs aimed at combating poverty, reducing socioeconomic
inequalities, and expanding opportunities for indigenous communities.
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Cultural Sub-Index

This is the index where intercultural issues arise. There is a mixture of old traditions
and modern activities that coincide. Important is that the three communities agree
that their traditions and oral expressions are what they like most about their indig-
enous culture. However, each community faces particular challenges scenarios.
Regarding language, intercultural issues would be the proportion of Spanish and
native language spoken. Among the Cucapd most interviewees are proud of their
traditions and oral expressions, which contrasts with the small number of speakers
who speak fluently, a circumstance that has led some authorities say they are no
longer “fully indigenous” (Muehlmann 2012).

In the same way, the Kumiai most interviewees mentioned that what they like
most about their culture are oral traditions and expressions (language and stories).
However, Wilken (2012) found that 71% of fluent speakers were older adults
(60 years of age or older), revealing a strong association between age and language
use. This implies making urgent efforts of documentation and revitalization of the
Kumiai language. In that sense, Leyva (2014) emphasizes that “will be the house-
holds, stakeholders in perpetuating the transmission of knowledge, and youth
attracted to preserve their culture.” The Pa Ipai referred that the traditions and oral
expressions are the aspects that they liked most of their culture, some respondents
mentioned enthusiastically that a National Institute of Indigenous Language pro-
gram is developing in their community for promoting the practice and teaching of
the Pa Ipai language. Being fully bilingual would be a key issue for intercultural
assessments.

The Cucapa protect their culture by transmitting to the new generations, through
fostering the participation of children and youth people in cultural festivals. It is
important to emphasize the role of the Cucapd women, not only in the care and
transmission of their culture, but also in defense of their territory, projects execu-
tion, and leadership in fishing organizations (Villareal 2014). Intercultural behav-
iors mix traditional and modern activities. Most fishers combine technologies with
modern businesses. As well, in the daily cooking these intercultural influences
arise as shown by co-author Gutiérrez (2017) in the Kumiai women. Figure 12.3
shows that the Pa Ipai are closer to reaching sustainability, although they can
increase the obtained value by developing strategies to protect their environment in
order to increase the value of the ecological sub-index, such as implementation of
a Unit of Management for the Conservation of Wildlife. Such conservation strat-
egy has been successful in indigenous communities like the Maya in Yucatan
(Retana-Guiascon et al. 2011) because it allows them to use the resources in a
sustainable way and implementing strategies to preserve them for the future
generations.
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Recommendations and Future Perspectives

The MEICS model developed and applied among three indigenous rural locations
in Baja California, Mexico proved to be a useful tool for the evaluation of sustain-
ability, since the values of the MEICS index obtained are relevant information on
four indicators of sustainability: economic, ecological, social, and political aspects.
Our results indicated that, according to the interviewees, the Pa Ipai community has
the highest values towards sustainability, while Kumiai is on average and, finally,
the community of Cucapa with the lowest values and, therefore, far from achieving
sustainability. It should be mentioned that perceptions, knowledge, and strategies of
local social actors should be preponderant in the diagnoses (Soares and Garcia
2014). Therefore, for the particular case of the indigenous communities, native to
Baja California, the complex of social and economic problems that arise can be
attenuated if project proposals emanate from the same community, respecting the
traditional social organization and family organization during their implementation
(Wilken 1998).

In the economic sub-index, the Pa Ipai could request the advice of civil organiza-
tions that can teach farming methods and animal husbandry for self-subsistence
(only during the spring-summer season and on a small scale using resistant species).
In relation to the social sub-index, it is suggested that the community request advice
from academics or civil organizations to plan the growth of their community in a
systematic way and with the least impact on their natural resources. The Kumiai are
half way of reaching sustainability, to become closer to that goal, they could improve
their economic sub-index value by giving impetus to the community’s ecotourism
center, since this form of tourism sensitizes visitors and privileges sustainability,
conservation, and environment appreciation (both natural and cultural) (Toledo and
Ortiz 2014). Ecotourism is also a viable alternative to increase indigenous income
in a culturally sustainable way in San Antonio Necua (Bringas and Gonzélez 2004),
where it would improve not only the value of the economic sub-index, but also of
the social sub-index by means of contributing to greater cohesion and community
participation, and to heighten the value of their cultural traditions and customs. To
fulfill the ideal value of the political sub-index by the Kumiai community, it could
be useful if they link their political demands to international networks. There is suc-
cessful networking among indigenous peoples in the world that provide legal advice
and help with political negotiations (Hall and Fenelon 2004).

The community of Cucapa achieved improvements in sustainability. To enhance
their sustainability in the social dimension, the Cucapa could seek to rely on insti-
tutional programs that allow them to design strategies to improve their nutrition and
could help them to achieve a better general health. A result of intercultural influ-
ences is malnutrition as demonstrated in other countries with indigenous people
(Kuhnlein and Receveur 1996; Smith and Smith 1999). Intercultural food and
cooking is an aim to develop within the indigenous communities of Baja California.
In addition, for the economic dimension, it is suggested that the Cucapd seek advice
to develop small-scale self-subsistence economy strategies, activities that else-
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where have proven to be a good alternative for rural economies (Barkin 2001). The
results of this research provide elements to design and evaluate public policies on
indigenous issues at the local level, focused on regional intercultural development,
specially where binational indigenous communities occur. We suggested that the
indicators proposed in this research be incorporated into local programs developed
in rural indigenous communities to monitor and evaluate their way to sustainability.
Similarly, considering MEICS as a management tool would allow partnerships with
decision-makers to jointly and creatively find long-term solutions to the problems
of environmental management where intercultural issues prevail. Also, intercul-
tural topics influence the quality of life of the indigenous communities, encourage
the participation of the people regarding their mixture of modern culture and old
traditions, and must be the basis to design projects and programs appropriate for
each community.
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Chapter 13

International Recognition

of the Biocultural Protection in Dryland
Regions: The World Heritage Property
in the Tehuacan-Cuicatlan Biosphere
Reserve

L. Vera and S. Garcia

Abstract To know and deal with the current challenges of the socio-ecological
environment, it has been necessary the use of mechanisms to protect, preserve and
make visible the bioculturality of communities. These challenges are multidimen-
sional and intersectoral, and relate to phenomena such as the increase in the inten-
sity of natural phenomena, changes in the ecosystems, and the rapid loss of
biodiversity involving loss of ecosystem services, public health and economic spill-
over exacerbated by the population increase, and the pressure involved in the cur-
rent development model. An example of a dryland region with socio-ecological
pressures such as those mentioned above is the case of the Tehuacan-Cuicatldn
Biosphere Reserve, with a World Heritage Mixed Property of UNESCO. Traces of
ancient communities have been found in this area that managed to adapt and evolve
within drylands. Since 1999 the area has been considered of great importance
because of its different schemes and instruments for conservation at the interna-
tional, national, and local level. Above all, it is an important example of how inter-
national conventions urge to protect and preserve the identity of the people, their
ecosystem, and their ways of life in dryland regions.
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Introduction

The diversity of ecosystems and cultures in Mexico is very wide and unique.
Therefore, it has been relevant to locate areas and recognize their importance, espe-
cially those that represents a breakthrough in evolutionary processes from settle-
ments in some inhospitable region. Promoting the adoption of protection schemes
with recognition at different scales such as international, regional, national, and
local demonstrates the political and social commitment that help to have an univer-
sal language and international recognition of the linkage between social and envi-
ronmental processes.

The protections of the biodiversity and ecosystems are as important, as the pro-
tection of indigenous cultures in the world. In Mexico, there is a relation between
ethnic groups and dryland regions from which we could find potential knowledge to
manage and use efficiently the ecosystem. It also exists as a complex connection
between dimensions of biological, agricultural, and linguistic diversity (Toledo
et al. 2008). However, even when indigenous peoples have contributed to the main-
tenance of ecosystems, biodiversity, and the development of agrobiodiversity, many
of them are marginalized, since the public policies addressed to them have not been
sufficient (Ramos Vazquez 2011).

In the Convention concerning the Protection of the World Cultural and Natural
Heritage (UNESCO 1972) the term Mixed Property reflects the interaction between
human and nature, referring to those sites that illustrate the evolution of human
society and its settlements over time. This evolution is conditioned by the limita-
tions of its natural environment and the consecutive and successive social, eco-
nomic, and cultural forces which intertwine to tell the same story of development
and evolution that persists over time (WHC 2018). Also, these forces can be recog-
nized as an element of interculturality.

In this regard on the unbreakable ties that human and nature have created
throughout history, in this article we urge to show a case of a specific dryland socio-
ecological system, in which a community needed to involve social projects simulta-
neously examines, monitors, and manages the bio-geo-physical natural components
and the social/cultural components, erasing disciplinary barriers between the eco-
logical and social issues. All these are components of a biocultural memory and this
has been able to be transferred and adapted in different cultures and times, so these
techniques can be considered today an element of interculturality.

The experience within the Tehuacdn-Cuicatldn Biosphere Reserve traces of a
long interaction between human and nature can be found. Currently there are
records of 4000 years nomadic peoples, who managed to move to a sedentary life in
an inhospitable environment, which despite the environment and thanks to the inge-
nuity of the community gave rise to an area with attributes of outstanding universal
value, which in 2018 have been recognized by UNESCO as a World Heritage Mixed
Property.

The unique biocultural attributes of the Reserve, shows the evolution of ancient
civilizations in an inhospitable environment because of its arid conditions due to
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long periods of drought, and because of its great and endemic biodiversity that still
lasts on current times. Some of these biocultural evidences are reflected on the
diverse indigenous languages, pottery, the extraction of salt using ancestral tech-
niques, the infrastructure for water management in dryland zones (see Herndndez
Garciadiego 2005) that contributed to domesticate plants, among others (CONANP-
INAH 2016), and it is a key site in the origin and development of agriculture in the
region of Mesoamerica. History helps us see the signs of an adaptation process in
this dryland through the management of resources that were carried out by human
being to survive. Now a days, this resources still provide to settled communities
within the Reserve and its periphery, so it can be taken up as a successful adaptative
inhospitable environment.

The recognition for the area and its attributes has attracted multiple actors at the
local, national, and international level which have promoted their registration to dif-
ferent protection schemes which, without a doubt, are an important reference in the
planning of activities to preserve the cultures, conservation, and management of the
site, as well as an ideal scene to review and consider the sustainable development
precepts and the objectives set in the International Development Agenda (Agenda
2030). We will refer to three different zones in the text: The Tehuacan-Cuicatlan
Valley which comprises a little bit larger area of 10,000 km? that are equivalent to
1,000,000 hectares which includes the floral province with the same name;
Tehuacdn-Cuicatldn Biosphere Reserve which has an approximate area of 490,186
hectares; and the World Heritage Property Tehuacan-Cuicatldn Valley: original hab-
itat of Mesoamerica that has a land of 344,931.68 hectares. All these zones are
interrelated.

The Tehuacan-Cuicatlan Biosphere Reserve: A Dryland
Region of Outstanding Universal Value

The Tehuacdn-Cuicatlan Valley is located in the arid—semiarid zone more to the
South of North America, in the intersection of Neotropic and the Neartic, in the
center of the cultural region of Mesoamerica, in the local province named Tehuacan-
Cuicatlin (CONANP-INAH 2016) (Fig. 13.1). In this zone, arid conditions are
determined by its geology, making an evident effect of a wall with the mountains
that obstruct the passage of humidity from the Gulf of Mexico which is increased to
be located in the tropic where the rate of evaporation is higher. These special fea-
tures make The Valley, the most southern area of Mexico with an arid ecosystem
(INAH 2019). In 1998, an area of The Valley with an approximate area of 490,186
hectares was decreed as a Natural Protected Area (NPA) with the category of man-
agement and named as Biosphere Reserve (BR) Tehuacan-Cuicatlan (CONANP-
SEMARNAT 2013).

Due to its geographic and climatic conditions, the BR contains biomes with high
levels of endemism and a large of endangered species, a rarity of plant species and
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Fig. 13.1 Polygonal of the Tehuacan-Cuicatldn biosphere reserve and of the world heritage mixed
property (CONANP-INAH 2016)
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flora communities. The extraordinary biodiversity includes more than 3000 vascular
plants, in which 10% are endemic to The Valley. Its fauna diversity exceeds any
other arid area of the planet and, likewise, it is an exceptional center of
agrobiodiversity.

Since the decree of the Federal NPA, the reserve has managed to preserve its
biodiversity, the community of the ecological and evolutionary processes that take
place their, as well as the cultural and historical heritage associated with them.
This holistic management was possible with the implementation of politics, mea-
sures and strategies, and restoring specific actions through scientific, cultural and
management research projects, which have allowed the communities that live there,
to continue their development (CONANP-SEMARNAT 2013). The protection of
the richness of the area has resulted in the protection of different national and inter-
national instruments to guarantee its preservation for future generations as part of
their heritage and people’s identity. At the national level, its protection has been
given since the establishment by the NPA Decree in 1998, the publication of its
Management Program in 2013, as well as the Federal Law on Monuments and
Archeological, Artistic and Historic Areas, the General Law of Ecological
Equilibrium and Environmental Protection, Land Management and Programs,
among others.

At the International Level the BR was registered in 2012 in the World Network
of Biosphere Reserves of the Man and the Biosphere Program (MAB) of UNESCO
and considered as a management model for sustainable development. In 2018 a por-
tion of the Biosphere Reserve was recognized by its inscription to the World
Heritage List of the Convention concerning the Protection of the World Cultural and
Natural Heritage of UNESCO, recognizing this portion as a World Heritage Mixed
Property. The protection of its exceptional biocultural attributes at world level is
enriched by the importance of being immersed in an arid environment and local
communities.

The preservation obligations that have been contracted from the UNESCO des-
ignations are a great challenge for the Mexican government, being an area with a
high population number where its growth and development threatens the conserva-
tion of its cultural and natural attributes. However, the inheritance of its biocultural-
ity is at risk, since the new generations are losing interest in the preservation of their
local cultural activities, which hastens its deterioration or possible loss considering
also the increase of extreme natural phenomena due to the derived effects of climate
change.

As researchers had noted, the history of occupation and use of the area is dated
back to the first hunters 4000 years ago, who found the geology of the place, an
area of protection before predators, being the orography a strategic place to hide
and look for prey that helped to the adaptation and development. Since then, it has
occurred a large and varied human occupation with the Mixtec, Chocholtec,
Cuicatec, Ixcatec, Mazatec, and Zapotec cultures, whose common base are the
languages of the Otomangue family (INAH 2019). It has been documented that in
the transition from nomadic to sedentary, one of the archaeological surprises was
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that the corn was not the first cultivated plants. One of the main sources of food was
the maguey. Proof of this are the remains of chewed maguey found in several of the
excavations carried out in The Valley. This food was first cooked which provided a
high sugar content (MacNeish 1967).

The towns that inhabited the region started to build works for water retention due
to aridity conditions, which led to develop technologies to settlements and the early
domestication of crops as a management system of water through canals, wells,
aqueducts, and dams, being the oldest system in the continent that allowed the emer-
gence of agricultural settlements (CONANP-INAH 2016). Furthermore, the area is
one of the main diversification centers for the cacti family that are endangered all
around the world; it is the house of the densest columnar cacti forests in the world,
forming a unique landscape that it also includes agaves, yuccas, and oaks (CONANP-
INAH 2016). It has been documented that in the transition from nomadic to seden-
tary, one of the archaeological surprises was that the corn was not the first cultivated
plants. One of the main sources of food was the maguey. Proof of this are the
remains of chewed maguey found in several of the excavations carried out in The
Valley. This food was first cooked which provided a high sugar content (MacNeish
1967).

To mention some examples of the use of biodiversity, succulents have been
recorded in the area as the largest all around the world, whose fruits have been used
as food and the intensive management of some species has generated a targeted
selection to its domestication. The magueyes are another plant widely used since the
beginning as a source of fiber and food. Recently, ecological, floral, and linguistic
evidence was gathered that pointed The Valley as a domestication site for pepper
and it is possibly where it was named as chilli (INAH 2019). All this evidence has
been located throughout the BR, thanks to the intervention of diverse disciplines
that have been given the duty to gather information and evidences, in particular by
studies from archaeologists, historians, anthropologists, biologists, engineers, etc.,
at least since 1940. The knowledge of the domestication techniques, use and exploi-
tation of the biodiversity, and the development of technologies for water manage-
ment, pottery, salt production, among others allows to build the past that reflects the
changes that have taken place in the area, both anthropogenic and environmental,
without excluding the climate change.

Mixed Property Tehuacan-Cuicatlan Valley: Original Habitat
of Mesoamerica

After a research process involving social and natural disciplines, in July 2018 the
World Heritage Committee recognized Tehuacan-Cuicatlain Valley as a Mixed
Property on the World Heritage List (WHC 2018). Among the criteria considered
for the designation of outstanding universal value (CONANP-INAH 2016), include:

e Criterion (iv): be an outstanding example of a type of building, architectural, or
technological ensemble of landscape which illustrates (a) significant stage(s) in
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human history. The technological ensemble of water management of the
Tehuacdn-Cuicatldn Valley, along with other archaeological evidences such as
the remains found in caves, plant domestication sites, salt ponds, and pottery
marks a stage of the utmost importance for the Mesoamerican region: the appear-
ance and development of one of the oldest civilizations in the world. Located
throughout The Valley, these technologies bear unique evidence of the constant
adaptation of humans to the environment and reflect their innovative capacity to
face the adverse environmental conditions in the area. Also, the vast production
of salt and pottery allows us to understand the social organization of the area
since pre-Hispanic times, as well as the modernization and commercial develop-
ment of The Valley.

Criterion (x): contains the most important and significant natural habitats for in
situ conservation of biological diversity, including those containing threatened
species of Outstanding Universal Value from the point of view of science or con-
servation. The Tehuacan-Cuicatldn Valley: original habitat of Mesoamerica is
the arid or semiarid zone with the greatest biological diversity in North America.
It is a world biodiversity hotspot that contains biomes characterized by high lev-
els of endemic and endangered species, rare flora, and plant communities. Its
faunistic diversity surpasses that of any other drylands of the planet and, more-
over, it is an outstanding agrobiodiversity center. It is also a world center of
diversification for numerous groups of plants. The Property includes 22 archaeo-
logical sites that exemplify the adaptation process of human being to an inhospi-
table place (CONANP-INAH 2016).

Caves, which are the reflection of the first settlements from nomadic to seden-
tary, with rock paintings of zoomorphic and anthropomorphic figures that illus-
trate what those civilizations would see in their environment. There are also
records of their eating habits and subsistence patterns. Some of these materials
correspond to animal bones, kitchen tools such as metates, different types of
seeds and fruits. Perhaps the most surprising evidences is the adaptation process,
domestication of plants such as avocado, corn, pepper, and amaranth, hunting,
the weaving of baskets, and the use of ceramics.

Terraces, which were built to have flat areas where to make their settlements and
squares.

Archaeological sites, they show the development of civilizations in settlements
that were used civically and ceremonially.

Water management. Considering it is an arid area, the main and surprising devel-
opment of water management strategies are remarkable. In the Dam’s area, it
was found an structure which was built to control water. It is considered one of
the largest dams in Mesoamerica, approximately equivalent to the volume of the
Moon Pyramid in Teotihuacdn with 24 m high, 106 m wide and 400 m long, and
which represents the expansion of water irrigation in The Valley. Aqueducts and
canals that supported the water distribution comprise a wide network.

Salines, the salt exploitation was another legacy which allowed people to adapt
in The Valley. This activity was one of the most recognized by the old settlers,
developing a technique that it continues to be used nowadays.
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The Work of UNESCO and the International Development
Agenda (Agenda 2030)

Mexico has been very active on international environmental forums, especially in
the environmental conservation ones. The most important forum is the Earth Summit
in 1972, the first international statement that has recognized environmental goods as
world heritage, like all goods, such as air, water and forests, among others; these
goods are subject to common law, but also impose a universal duty of protection and
care, as Zortea and Lucatello (2016) establish. Nowadays, at the international level,
there are numerous Treaties and Programs that Mexico has ratified, among which
some are related to two worldwide movements: the preservation of cultural sites and
the ones that demand the preservation of nature.

The relevance of the following section is the emphasis of the international narra-
tive of development and conservation, and its inherent link with the current 2030
Agenda, which highlights social problems that cross-address many environmental
issues, both in interrelated processes to achieve sustainable development. (To learn
more about environmental mainstreaming in projects derived from international
conventions and international cooperation, see Zortea and Lucatello 2016.) In this
regard, UNESCO has promoted a series of Treaties and Programs to support these
issues of global interest, among those that stand out for this chapter: the Convention
concerning the Protection of the World Cultural and Natural Heritage (also referred
to as the World Heritage Convention), since the category of Mixed Properties the
inescapable link between Culture and Nature.

The cultural and natural heritage is part of the incalculable and irreplaceable
Property, not only of each nation but also of all humanity. That is why the loss of
one of the most precious assets, as a result of its degradation or disappearance, is an
impoverishment of the heritage of all the peoples in the world. It can be considered
that one of the elements of this heritage due to its remarkable qualities has an
Outstanding Universal Vale (OUV) and therefore deserves special protection against
the growing dangers that threaten them (CONANP-INAH 2016).

In order to achieve the protection of the cultural and natural heritage, the General
Conference of UNESCO approved on November 16th, 1972, the World Heritage
Convention that until 2019 has been ratified by 193 States Parties (Countries). It is
one of the legal instruments for the rescue, preservation, and safeguard of the heri-
tage of humanity (WHC 2018) and aims to identify, protect, preserve, revalue, and
transmit to future generations the cultural and natural heritage of outstanding
universal value (OUV) at a worldwide level which is established under ten criteria
(six cultural and four natural), the conditions of integrity and/or authenticity, protec-
tion and management that the site has and guarantees the safeguarding.

In Mexico, the Supreme Law is at the same level as the Political Constitution of
the United Mexican States, so its compliance is an obligation of the Government of
Mexico. UNESCO has considered necessary to focus its work on the social bases,
that is, on the culture of men and women. The General Director of UNESCO, Irina
Bokova, pointed the need to strengthen its labor to unleash full potential of human
ingenuity as a source of resilience in a tie of change, as well as a source of creativity
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and growth. In this sense, it is necessary to make from culture a vector of sustain-
able development to consider education to achieve a change of customs, values, and
patterns to support and sustain this process.

UNESCO and its conventions were given the task of reforming and adopting the
SD principles to apply them in their respective processes, promoting innovative,
holistic, and effective program implementation structure and modalities, as well as
achieving greater interdisciplinarity. To get this, a medium term strategy was made
for the period of 2014-2021, in whose UNESCO mission is reconfigured as a spe-
cialized agency of the United Nations that works through education, science, cul-
ture, communication, and information, to contribute to the consolidation of peace,
the eradication of poverty, and sustainable development and intercultural dialogue.
The strategy developed considers nine strategic objectives which are linked to the
2030 Agenda and the SDGs, and it will also be fundamental to establish the basis of
a sustainable culture, particularly with the conservation schemes of the world heri-
tage, such as strategies 6 and 8 that refer to the support of inclusive social develop-
ment through the promotion of intercultural dialogue to bring cultures closer, the
promotion of ethical principles, and the promotion of cultural expressions.

UNESCO believes that only “through a straight cultural component a human
centered development approach can be achieved that yields results that are sustain-
able, inclusive and equitable” (UNESCO 2014, p. 25); In particular, Strategic
Objective 7 on protection, promoting, and transmitting Heritage, it emphasizes the
link between heritage and the challenges humanity faces today, such as climate
change and natural disasters, the loss of biological diversity, drinking water, con-
flicts, unequal access to food, education and health, migration, urbanization, social
marginalization, and economic inequalities.

In particular, on the World Heritage Convention in 2015, the General Assembly
of the States of the States Parties approved the policy document for the incorpora-
tion for the perspective of sustainable development in the process of the World
Heritage Convention (21st meeting of the General Assembly of the Convention on
Heritage). They also recognized the growing interest from the investment sector for
the conservation of World Heritage Properties and strongly encourages all banks,
investment funds, the insurance industry and other relevant private and public sec-
tor companies to integrate into their sustainability policies, provisions for ensuring
that they are not financing projects that may negatively impact World Heritage
Properties and that the companies are investing in subscribe to the “No-go commit-
ment,” and invites them to lodge these policies with the UNESCO World Heritage
Center (p. 13).

Conclusions

At the global level, it has been recognized and advanced in terms of environmental
conservation, and Mexico has not been unaware of this evolution, responding to
global changes and the demands that the environment deserves for its protection. In
the last decades it has increased and enforced the institutional, legal, and
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management framework, as well as the commitment of the organized society and
academy, which has brought a greater knowledge of our territory and with it a legiti-
mate responsibility for its conservation.

In this way, the international context has always been a promoter and guide to
national policy agendas. Clear examples of this have been the United Nations
Conference for Environment and Development where the CBD was generated,
being this the first agreement on a global level that establishes as a central point,
conservation and sustainable development for the survival of the humanity and the
environment. Likewise, the international recognition that is granted to the NPA is
another tool for their protection, such as the designation of a Ramsar Site or a World
Heritage Properties. All these instruments have been well accepted by many of the
UN countries and have been integrated into their national conservation schemes,
and Mexico. It is one of the countries that has taken advantage of these conventions
to promote the protection of their ecosystems, biodiversity, and culture.

The designations of the NPA as World Heritage Properties have brought with
them not only a list of commitments to be fulfilled, but also international support for
the conservation of these sites and their Outstanding Universal Value. Some of the
advantages of being included in the World Heritage List are:

* Being part of a worldwide group that attracts greater conservation interest and
greater obligation of governments, which can greatly help the country to raise
awareness in favor of the preservation of the NPA, as well as raise the interest of
specialists, with new research or monitoring initiatives that support the manage-
ment of the area.

e The NPA that belongs to this List is benefited by receiving more dissemination,
which increases their potential capture of national and international economic
resources.

e A very particular type of tourism is encouraged that is focused on visiting only
World Heritage Properties and that is very sensitive to the value that these
Properties have for humanity.

* Access to the World Heritage Fund, which is annually enabled to identify, pre-
serve, and promote World Heritage Properties in its territory, as well as to pro-
vide emergency assistance to repair damage caused by natural disasters or caused
by human societies, as well as for staff training.

Nevertheless, in Mexico there is still a long road to take advantage of the benefits
and other actions that must be undertaken, such as:

e Strengthen the dissemination and teaching on the World Heritage Convention
and its related instruments, in order to facilitate the understanding and applica-
tion of the same to the actors involved and interested in the reserve.

* Encourage decision makers to inform themselves and act coherently and in com-
pliance with the obligations acquired by signing the Convention concerning the
Protection of the World Cultural and Natural Heritage, and thereby reduce the
threats that may arise.
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» Reinforce the role of local communities, particularly with children and young
people, fostering the bond and commitment to World Heritage for the benefit
they derive from it.

* Expand the training of the different actors, in order to guarantee the preservation
and management of the site.

* Increase the budget assigned to conservation work, perhaps by giving incentives
to those areas that have this type of international designation. And also seek
greater international financing support for them.
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Abstract For the purpose of achieving sustainable development in the context of
a changing climate, the development and implementation of tripartite cooperation
tools, into a transatlantic cooperation framework, is the crux of a project to bring
about a transdisciplinary platform focused on research, technology, and innovation
in drylands. It finds its roots in the Agadir Declaration of May 2016. The objective
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of the platform is to set up a “hub or rear base” at the University of Ibn Zohr in
Agadir to develop transdisciplinary research and training mechanisms on climate
change and its impacts on the functioning of ecosystems and their goods and ser-
vices in arid and semiarid regions. Currently, the main challenge to achieve sus-
tainable development resides in ensuring that decision-making processes are
supported by science. How to translate scientific knowledge on complex long-term
issues at the national, cross-regional, and transatlantic scale into better informed
public policy remains an open question for multi-sectoral partnerships. The main
thread underlying this chapter relates to the establishment of interface models
between science and policy: what challenges will the Agadir Platform assume to
bridge various forms of interdisciplinary science and policy expertise to inform
decision-makers on long-term wicked problems related to drylands socio-ecologi-
cal systems?

Keywords Governance - South—South - Tripartite cooperation - Open data - Public
policy - Sustainability

Introduction

The adoption of a new climate agreement by the 196 Parties to the United Nations
Framework Convention on Climate Change (UNFCCC) in Paris in December 2015
has been regarded worldwide as a historic achievement. Assuming the Paris
Agreement is implemented consistently, it will mark a watershed in climate gover-
nance, and lead to profound transformations in the global economy and society.

With the publication of the Fifth Assessment Report of the Intergovernmental
Panel on Climate Change (IPCC) in 2014 (Burkett et al. 2014), it became evident
that a business-as-usual approach was no longer viable and that a complete overhaul
of environmental policy was required. Since then, policy elaboration has grown to
encompass all areas of human development, and accordingly, climate change adap-
tation has been brought to the fore by the Paris Agreement, stressing the need for
international action and cooperation, particularly with regard to vulnerable develop-
ing countries.

To date, global environmental governance has largely been decentralized, and its
mechanisms have assumed a variety of forms beyond multilateral agreements. The
issue is therefore to determine how governance distributed in the hands of a wide
range of actors (state and non-state) can be made effective locally (Chan et al. 2016).
The functioning of complex systems, such as drylands, can be explained through the
concept of “emergence,” that is, how a system intertwined with its environment
reacts to changes in the latter, in a way it would not do so in isolation. Emergence,
when referring to function in an environment is related to the concept of collective
behaviors. Any system and its environment can thus be seen as parts of larger sys-
tems encompassing their interactions and feedback mechanisms. In the context of
collective behaviors, “emergence” refers to the way collective properties arise from
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the properties of its constituent parts, for instance, global trends from local struc-
tures and relationships (Bar-Yam and Kantor 2018).

“Emergence,” in policy studies, refers to the behavior resulting from local inter-
actions based on locally defined rules, with a particular focus on the extent to which
local behavior occurs in spite of central government rules and policies. The impor-
tance of emergence when dealing with global challenges cannot be overstated.
Decision-making related to sustainability is knowledge-intensive, and fostering col-
laboration between academic and policy-oriented work while developing assess-
ment methods that accommodate diversity of function, goal, and output, is essential
to tracking environmental long-term performance beyond the Paris Agreement, the
sustainable development goals (SDGs), other UN conventions and conferences
(UNCCD, UNCDRB, and other initiatives as well), and international commitments
(OECD, Global science Forum 2011). Regarding the future of governance, it has
become plain that success can only be brought about by extending the common
perspective beyond the UN, to the full panoply of existing and potential approaches.

In a recent review of global rangeland systems, Coppock et al. (2017) found that
improving governance for natural resource management was the top future research
and outreach priority as considered by experts. Can current governance conditions
guarantee sustainability, especially in social-ecological systems like drylands,
which are most vulnerable to environmental risks? Otherwise, how can said condi-
tions be made conducive to sustainable development? Bearing this in mind, which
capabilities should be reinforced globally, nationally, and locally to promote good
governance solutions? Within this perspective—and in full awareness that the lack
of reliable and relevant data in developing regions is one of the main factors stifling
the development of projects which would otherwise be eligible for different climate
funds'—how can knowledge co-generation and sharing and international coopera-
tion facilitate access to science, technology, and innovation data and information to
overcome this distortion?

The initial section of this chapter discusses the major features of a transatlantic
approach to address sustainable dynamics in drylands through a work of bolstering
the science—policy interface within the framework of multilateral commitments.
The second section presents the model implemented and the major challenges the
Agadir Platform has to face to locally and globally to be effective.

The Context: Morocco, Among Mediterranean and African
Countries Particularly Exposed to the Effects of Global Changes

Even though the Kingdom of Morocco has a status of low carbon emitter, its geographical
position confines it to a great natural vulnerability to climate change (desertification, floods,
water scarcity...). This vulnerability is exacerbated by the increase of arid and semi-arid

'Twitter: @LucGnacadja (11/12/2018).
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zones, hence worsening the desertification phenomenon and impacting water resources.
With agriculture still largely dominated by rainfed crops and therefore dependent on rainfall,
vulnerability to the impacts of climate change is real. With the increasing needs of the popu-
lation and industries, these vulnerabilities will go increasing while climate change will exac-
erbate the ecological footprint of activities.?

Morocco has recently come up with a range of high-level documents and policies
aimed at enabling and encouraging climate resilient development.> Because it is
particularly exposed to the risks associated with climate change, Morocco’s national
vision, as stated in the INDC—Intended Nationally Determined Contribution, aims
to mitigate its effects by endeavoring to “preserve its territory and civilization in the
most appropriate manner, effectively responding to the vulnerabilities of its territory
and implementing an adaptation policy that builds resilience for all of its population
and its economic actors to face these vulnerabilities” (INDC 2015). In line with the
concept of sustainable development, it reinforces the point that there needs not be a
trade-off between environmental sustainability and economic development.

This is the policy framework that inspired the development of a platform for
international cooperation on sustainability in drylands to be located in Agadir,
Morocco, principally led by Ibn Zohr University. Bearing in mind the relevance of
North—South, South—South, and triangular regional and international cooperation,
this platform, focusing on the study of the arid and semiarid regions, is a welcome
complement to the emerging framework of international cooperation. Further,
Morocco anticipates a strategic stake in its Souss-Massa* region and the city of
Agadir will stimulate policy-driven research in the Sahelian countries and open the
avenue towards collaboration with emerging countries in Latin America—like

*Hakima El Haité, Former Minister Delegate to the Minister of Energy, Mines, Water and
Environment, in charge of Environment.

3The new Constitution (2011) promotes sustainable economic development, in the spirit of envi-
ronmental protection. Moreover, the National Charter for Environment and Sustainable
Development (Charte Nationale de I’Environnement et du Développement Durable 2009) enacted
through the National Strategy for Sustainable Development (NSSD) for 2017-2030 also focuses
on climate resilient development strategies. In 2014, Morocco developed its National Climate
Change Policy (MCCP) as a coordination tool for measures and initiatives on climate change,
providing an operational framework for the development of medium- and long-term strategies. In
2015, Morocco submitted its Intended Nationally Determined Contribution (INDC) presented to
the United Nations Framework Convention on Climate Change (UNFCCC) in perspective of the
COP21 held in Paris (2015). The main objective identified by the Moroccan authorities has been
to make the “territory and civilization more resilient to climate change while ensuring a climate
transition to a low-carbon economy” (INDC 2015).

“In the Souss-Massa region, located in southwestern Morocco, three factors determine its semiarid
Mediterranean climate, namely relief, ocean coast, and the Sahara. Thus, the north of the region,
dominated by Atlas, is characterized by a semiarid to humid climate progressing towards the plain.
The latter, which occupies the sunken relief of the Atlas and the basins of Souss and Massa, has an
arid climate despite a wide opening on the Atlantic. Finally, the southern and southeastern part of
the region that makes up the north side is covered by the Sahara Desert climate. The precipitations
are highly variable in space and time with a rainfall average of 200 mm/year (Bouragba et al. 2011;
Seif-Ennasr et al. 2017).
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Mexico and Brazil—equally affected by climate change, land degradation, and
desertification. This platform is a significant part of the royal guidelines seeking to
strengthen Morocco’s scientific cooperation towards sustainability for drylands in
Africa and Latin America.

International Cooperation Framework: A Transatlantic
Approach to Achieve Sustainable Drylands—The Case
of the Agadir Platform

It is a common opinion that international cooperation in general and the tripartite
cooperation in particular can be promoted and monitored as a means of implemen-
tation of the SDGs® and the Addis Ababa Action Agenda® on aid effectiveness.
Through tripartite cooperation, partners involved share and cogenerate knowledge,
learn together, facilitate capacity development, collaborate and jointly create solu-
tions to development challenges. Combining efforts based on complementary
knowledge can be key to achieving good results and to taking the 2030 Sustainable
Development Agenda forward. All countries can potentially be providers, facilita-
tors, and beneficiaries of knowledge sharing in tripartite cooperation, so it tran-
scends divides between different types of cooperation, geographic boundaries,
knowledge systems, cultures, and mental models, among others (UN-ESC 2008).
With this perspective, co-generation of useful knowledge for the sustainability of
Northern Africa and Latin America drylands lies at the crux of the Agadir Platform
which was founded in December 2016. Its main objectives are to coordinate national
participatory research networks, such as RISZA (Red Internacional para la
Sustentabilidad de las Zonas Aridas—International Network for the Sustainability
of Drylands)” in Mexico, collaborative, transdisciplinary research efforts and train-
ing opportunities, and to build a cross-regional coordinated research framework
centered around the SDGs for the sustainable development of local socio-ecological
systems. Hence, the Agadir Platform represents a novel science—policy—society
interface for dryland development in the transatlantic context. Knowledge sharing

Shttps://www.un.org/sustainabledevelopment/sustainable-development-goals/ (UN, 2015).
Chttps://www.un.org/esa/ffd/wp-content/uploads/2015/08/ AAAA_Outcome.pdf.

"The International Network for the Sustainability of Drylands is comprised of various members
from diverse sectors like academic and government institutions, NGOs, civil associations, stu-
dents, and the civil society including indigenous communities. These members are organized to
analyze collaborative actions that strengthen agenda for the dryland regions and respond to the UN
sustainable development goals. For these actions, the network requires the implementation of mul-
tilateral and inter-institutional collaborations, which are inclusive considering all the stakeholders
including the decision-makers. It also provides the possibility to establish strong collaborations
with members of Latin America, North Africa and Europe (source: www.risza.com.mx).


https://www.un.org/sustainabledevelopment/sustainable-development-goals/
https://www.un.org/esa/ffd/wp-content/uploads/2015/08/AAAA_Outcome.pdf
http://www.risza.com.mx
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will be central as a means to ease the introduction of models of mitigation and adap-
tation for a sustainable future. Such a platform should greatly improve the way
regional (global) transatlantic challenges are identified, defined, and addressed. The
combined input of stakeholders across the political and societal spectra both nation-
ally and at the scale of the Agadir Platform will offer an invaluable opportunity to
ensure early recognition of risks, tipping points, climate feedback, among others
that may require a tripartite (global) joint response portfolio.

One of the main difficulties lies in discerning, in which problems require a local,
national, regional, or transatlantic/global response. Systematic, proactive global
scanning has been crucial in bringing new emerging problems—and new responses
to long-standing problems—to the attention of decision-makers. Scientifically
speaking, the platform seeks to address the following caveats to sustainable develop-
ment trajectories of representative socio-ecological systems: (1) the analysis of past,
present, and future climate volatility at the local, regional, and transatlantic scale in
order to reduce uncertainties for future climate projections and scenarios; (2) the
calibration of biological markers and ecological indicators, in particular, environ-
mental and climatic contexts and conditions; (3) the understanding of the function-
ing and linkage of local hydrological cycles in relation to dryland use and cover
changes with regional climate variability; (4) assessment programs of the integrity
of natural ecosystem and agricultural systems and the condition of their ecosystem
goods and services and to develop adaptive management practices; (5) the investiga-
tion of coastal and marine resources and their interfaces; (6) the discovery of con-
ceptual models for renewable energy projects carefully considering the biophysical
and socioeconomic contexts; and finally (7) understanding livelihood resilience and
development in diverse cultural, socio-political settings of human settlements, as a
basis for innovative adaptation strategies in arid and semiarid regions.

Box 14.1 Climate—-Ocean-Land Interconnections Characterizing the
Transatlantic Region
Oceans absorb, store, and distribute energy by acting upon the temperature
and circulation of the atmosphere. Their ability to store heat is much more
efficient (absorbing 93% of excess energy) than those of landmasses (3%) and
the atmosphere (1%). For those reasons, they are considered the moderators
of climate and of its changes, and any alteration in ocean circulation engen-
dered by external forces (volcanic, solar radiation, greenhouse gas, etc.) can
escalate into changes in global atmospheric currents. These alterations are
therefore at the root of the heterogeneous dynamics and spatial-temporal dis-
tribution of precipitations, of which the vicissitudes can be the source of
severe droughts and in turn cause desertification.

Long-term studies on the tropical and subtropical climate variability are
justified by the societal requests to understand the distribution and intensity of
seasonal rainfall mode or the duration of dry periods and drought with signifi-

(continued)
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cant impacts on the economy of the developing and poor countries. There is
also interest in the future behavior of the climate variability in a world submit-
ted to the effects of global warming. For several years, the Pacific has been
considered as the most important tropical and extratropical climate regulator
at different time scales and mainly during the El Nino Southern Oscillation
(ENSO) phenomenon. Effectively, this phenomenon produces extreme events
(inundations, droughts) at the scale of the Pacific Basin but also at the global
level through complex teleconnections systems (Ropelewski and Halpert
1989). For these reasons and during many years, the interest and efforts of the
scientific community have been focused on the study of the Pacific Ocean and
its variability to the detriment of the Atlantic Ocean. From the 2000s, scien-
tific studies conducted by international teams have shown that the Atlantic
Ocean also modulated the climate (Knight et al. 2005). But in reality, the cli-
mate in the tropics is the result of the integration of these main mechanisms
(including Monsoon systems) whose duration and specific amplitude can bal-
ance, dilute, or favor the expression of their actions on tropical systems.?
Recent studies on the role of decadal and multidecadal variability in the
Atlantic Ocean have shown that these modes of multidecadal variability
(AMO-Atlantic Multidecadal Oscillation, and NAO-North Atlantic
Oscillation) may lead to drought in Mexico, Brazil, and Morocco but with
very heterogeneous and antiphase expressions (Méndez and Magafia 2010).
For example, a positive mode of AMO causes droughts in Amazon region
(Marengo et al. 2011), Northern Mexico (M), and inundations in Southern
Morocco. The heterogeneity of spatial and temporal expressions of these
transatlantic events, the associated impacts, and the underlying mechanisms
remain poorly understood. Therefore, it is of seminal importance to establish
the long-term (past, present, and future) climate variability envelope within
the framework of the Agadir Platform encouraging transatlantic cooperation
and research activities on both sides of the Atlantic in Latin America and in
North and West Africa, and on the role of the Atlantic and its impacts on dry-
land continental and coastal marine ecosystems. Within the framework of a
transatlantic collaboration effort among Brazilian, French, Mexican, and
Moroccan scientists, spearheaded by RISZA and the CHARISMA® project,
preliminary results of the analysis of instrumental data during the last century
confirm those trends (increase in temperature and decrease in precipitations)
in Mexico, South America, and Morocco.

81t concerns also the Atlantic and Pacific variabilities from the interannual to millennium time
scales.

°CHAngement et vaRIabilitéS cliMAtiques passés et actuelles au Maroc: forgages, réponses,
impacts et rétroactions—Bases pour la proposition de solutions d’adaptations (Past and current
climate change and variability in Morocco: forcing, responses, impacts, and feedback—Basis for
proposing adaptation solutions).
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In arid and semiarid regions, natural climatic variations and anthropogenic dis-
turbances lead to the deterioration of the ecosystem, and therefore have a strong
impact on water and soil-restoration cycles. These disruptions have considerable
effects on local societies with limited access to food that meets quality standards
and trigger disease and epidemic outbreaks, thereby undermining food security and
human health of a large population, respectively. Arid and semiarid lands make up
40% of the planet’s land surface and have in recent decades experienced a densifica-
tion in human activity, as well as prolonged periods of drought and desertification
(Coppock et al. 2017). They are regulated by the complex interactions of biophysi-
cal, social, political, and economic factors emerging as a result of alteration, degra-
dation, and loss of ecosystem services. The most recent climate model simulations,
based on contrasted representative concentration pathways (RCPs)—RCP 8.5 and
RCP 4.5—show that global climate change could cause dryland biomes to expand
by 11-23% by the end of the twenty-first century (Huang et al. 2015). If this occurs,
dryland biomes could cover more than half of the global land surface. Climate
change will lead to extended droughts, regional warming, and, combined with a
growing human population, an increased risk of land degradation and desertification
in the drylands (Bastin et al. 2017). Despite the problems afflicting these regions
both environmentally and socially, they are considered productive systems because
of the richness and diversity of their natural resources, and because they contribute
more than 40% of the world’s food output.'® This confluence of risks clearly man-
dates the full attention of experts in understanding the mechanisms that govern cli-
mate change and its impacts on both the environment and society at the local,
regional and global scales.

Once the challenges are defined and the need for action identified, the next stage
will involve the implementation of proposed solutions. Governments of countries
involved in this transatlantic framework are persuaded to pledge their engagement,
but cannot act alone. Challenges into the transatlantic region often are interdepen-
dent and their dynamics complex, yet many research and global-assessment pro-
grams are managed separately, a symptom of a lack of coordination in the policy
sphere. Governments, civil society, and the private sector need to consider how to
integrate the many disparate global challenge frameworks in order to coordinate
research efforts, thereby maximizing coherence and minimizing repetition. Good
governance, empowerment, and accountability will be essential to these interna-
tional collaborative frameworks, and governance schemes should be flexible and
support innovation and risk-taking in research (Table 14.1).

0CGIAR research program on Dryland system: http://drylandsystems.cgiar.org.
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Table 14.1 Main biophysics and socioeconomic characteristics of drylands in the counties
involved into the transatlantic cooperation framework (the Agadir Platform)

Argentina Brazil Mexico Morocco
Drylands | The continental The geographical | Mexican drylands | In Morocco,
area portion of Argentina | area of the cover over drylands cover
(km?*/%) has an area of Brazilian semiarid | 1,107,770 km? more than 80% of
Hyper-arid | 2,758,829 km?. region extends to | (55.5%) of its the territory
Arid According to the eight states of the | continental surface | (approximately
Semiarid water regime, the Northeast and the | mostly in the 640,750 km?).
Dry- sub-humid and North of Minas north central part | Most of these
subhumid | semiarid lands cover | Gerais?, totaling a | of the country; lands are

27.50% of the territorial they include the classified into

territory, and the arid
region—the one with
the greatest
extension—represents
51.50% of the
surface. The
relationship between
precipitation and
potential
evapotranspiration
defines areas with a
predominance of
deficit water regimes
over 75% of the
territory

extension of
980,133,079 km.
However,
considering the
territorial
dimension of large
regions, the
Northeast presents
56.46% of its
territory in the
semiarid portion,
the Southeast with
11.09%, and the
country reaches
11.53%. The
semiarid region
was delimited on
the basis of the
800 mm isoieta,
the Thornthwaite
aridity index of
1941
(municipalities
with an index of
up to 0.50), and
the drought hazard
(over 60%)

three driest
climate types,
with semiarid
regions being the
most abundant,
followed by arid
and hyper-arid
zones (Baja
California)

three subtypes of
aridities:
hyper-arid, arid,
semiarid. They
correspond,
respectively, for
areas in isohyets
less than 100,
100-400, and
400-600 mm/
year. Only 7% of
the country
receive more than
600 mm/year

(continued)
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Argentina Brazil Mexico Morocco
Vegetation | Natural vegetation or | Caatinga® is the Natural semiarid | Natural
types semi-natural predominant grasslands cover | vegetation or
composed of shrub ecosystem in the | 6.1% semi-natural
and herbaceous semiarid region, (118,320 km?) and | composed of
steppes, dry forests, | whose flora is highly diverse steppes, shrubs,
shrubs, and composed of trees | desert scrub and grasslands.
grasslands. and shrubs communities (14 | Agriculture based
Agriculture based on | characterized by | different matorral, | on rainfall
irrigation. With deep | rusticity, tolerance, | Mezquital, and
transformations by and adaptation to | gypsum
anthropic action: the climatic community types)
crops, grazing, and conditions of the | with over 6000
urbanization region. The species cover 30%
floristic of drylands.
composition is not | Rainfed and
uniform and may | irrigated
vary according to | agriculture make
the volume of up the rest
precipitation, the
quality of the soils,
the hydrographic
network, and the
anthropic action
Land use | Pastoral activities, In the recent Livestock grazing, | Mainly for
types/ irrigated agriculture | process of rainfed and pastoral activities.
production | (vitiviniculture, olive | transformation irrigated They are
systems growing, fruit trees), | through which the | agriculture (corn, | predominantly
mining, oil, semiarid economy | beans, cereals, dominated by:
recreation, tourism, passes, there are alfalfa, sorghum, | bare soil,
and conservation several apple trees, nut herbaceous
contradictions and | trees), mining, vegetation,

a strong
competition
between modern
agriculture,
capitalized and
protected from
drought by
irrigation systems
and family
farming,
dependent on
environmental
conditions,
without adequate
capital and
political incentives

fracking

deciduous shrub
vegetation, and
savanna mosaic/
shrub or forest.
Bare soil
represents 57% of
the surface
drylands areas

(continued)
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Argentina Brazil Mexico Morocco
Human 30% of total The results of the | The rural 47% of total
population | Argentine population. | demographic population Moroccan
Size Most provincial states | census revealed represents 23% of | population, with a
Growth with drylands have that the resident the Mexican majority in rural
Rural/ average per capita population in the | population (131 areas
Urban incomes below the Brazilian semiarid | million); there
national average, and | region reached the | exist poor
the percentages of mark of estimates of the
households with 22,598,318 rural population in
unmet basic needs inhabitants Mexican drylands
double the national representing due to highly
average. 83% of the | 11.85% of the fluctuating
Argentine population | Brazilian numbers in
is urban population or seasonal and
42.57% of the permanent
Northeastern migration. Total
Brazils population. | human population
Survey of the total | growth lies by
population 1.24%, population
residing in the density in
semiarid region drylands lies
shows that 61.97% | between 1-60
of its inhabitants | habitants/km?,
live in urban areas | most of the area
and 38.03% in has 0-20
rural areas® habitants/km?
Land The inhabitants of the | The reality of the | Most dryland is Mostly private
tenure drylands face very land structure communal land followed by
serious problems of | corresponds (ejidos), recent collective lands
land tenure, litigation | mostly to amendments in

of titles, occupations,
smallholdings, and
latifundia

properties of two,
three, or ten
hectares, for the
majority of the
population. While
properties of two,
three, or ten
thousand hectares
of only one owner
are in more
favorable areas for
production

Agrarian reform
permit
privatization;
private land; small
proportion federal
land (natural
protected areas
and biosphere
reserves)

(continued)
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Argentina Brazil Mexico Morocco
Livelihood | The scarce productive | In the rural areas | Ranchers, These areas
types alternatives, the low | the families pastoralists, contribute to the
value of production continue with the | agriculturalists, livelihoods of
and marketing traditional fishermen, thousands of
difficulties, produce | subsistence crops, | artisans, low-income rural
scarcity and always attentive to | subsistence people and
migration the rains and farming, wage protect the
planting in several |labor in country from
stages to reduce agricultural and desertification
the risks of loss of | mining sector
the crops.
Permanent
crops—fruit
growing—are less
significant in the
region than
temporary crops,
being developed
mainly in the
irrigated
perimeters
Indigenous | Populations of native | Semiarid region is | High ethnic
groups peoples such as the home to dozens of | diversity Cucapd,
wichis, huarpes, indigenous ethnic | Comcaac, Kiliwa,
araucanos, and groups, with more | Kikapu, Kumiai,
mapuches inhabit the | than 70,000 Mayo, Papago,
drylands with people. At present, | Pima, Tarahumara,
community systems | there is an ethnic | Tepehuano,
of land use diversity as Wikarika, Yaqui
Pankararu, Truka,
Kiriri, and Xucuru
peoples, among
others
Principle Desertification/land Sustainable Desertification/ Water scarcity,
threats to | degradation practices are not | land degradation, | human pressure,
socio- always present drug trafficking, and global
ecological which result in mining, migration, | changes
resilience environmental exhaustion of

degradation allied
to water scarcity,
human pressure,
land degradation,
and desertification
processes

water resources,
invasion of mega
development
projects

(continued)
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Argentina Brazil Mexico Morocco
Main Drylands contribute | Services currently | Livestock Agriculture,
economic | 49% of the account for production, pastoralism, and
values agricultural approximately agriculture, tourism

production of the 54% of the alternative energy,

country region’s total production of

economy, followed | traditional
by industry (29%) | alcoholic

and agriculture beverages
(17%). On the (mezcal, pulque,
other hand, the sotol), tourism

implementation of
projects on water
accumulation and
irrigation provided
the growth of
irrigated fruit
production. In
addition, some
states were able to
internalize the
process of
industrialization
(textile industry,
clothing, footwear
and leather,
mineral, graniteira,
food and beverage,
plaster and
construction)

“Regarding the territorial extension of the states, data show that 92.97% of the territory of Rio
Grande do Norte is in semiarid, Pernambuco 87.60%, Ceara 86.74%, Paraiba 86.20%, Bahia
69.31%, Piaui 59.41%, Sergipe 50.67%, Alagoas 45.28%, and Minas Gerais 17.49%

"Caatinga is considered one of the Brazilian biomes most altered by human activities. Despite its
biological importance and the threats to its integrity, about 5% of its area is protected in federal
conservation units, which allows to classify the Caatinga as one of the Brazilian ecosystems less
protected and more threatened

“There has not been a significant change in the share of the semiarid population in the Northeastern
states during the last few years, but a slight decrease in the participation of about 1% of them,
except in Pernambuco State, where this share increased by 0.7%. Recent data seek to consider the
migration of part of the population in economically active age of the semiarid to more dynamic
urban centers. The proportion of people aged between 15 and 59 grows confirming the historical
movement of migration
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International Research Cooperation Model: The Conceptual
Framework of the Agadir Platform

The framework of the 2030 Agenda for Sustainable Development—adopted by
world leaders in September 2015, and officially coming into force on the 1st of
January 2016—widely acknowledges the interconnectedness between climate
change and global warming and sustainable development and human well-being.
Thus, in order to fulfill its goals and targets, the measures employed must tackle the
limited adaptation capabilities of certain geographic areas, especially in developing
regions, and strive to mitigate vulnerabilities with a view of contributing to sustain-
able development.!! For every nation, but particularly for developing and least
developed countries, climate change is congruent with many environmental and
socioeconomic issues, including but not limited to: biodiversity loss, desertification,
deforestation, decline in resource availability, energy distribution, income genera-
tion, security, and health. This tight interweaving of issues poses the risk of negative
interactions between climate change and sustainable development, but also suggests
that improving one could in turn reduce vulnerability of the other.

Across the 17 goals of the 2030 Agenda, as many as 42 of the targets as well as
the entire 17th goal are dedicated to the challenges of implementation. However,
these targets are largely unconcerned with the interconnectedness of these goals,
and leave the door open, at best to unrealized synergies, but also to potentially per-
verse outcomes. Therefore, greater attention ought to be paid to these interdepen-
dencies, notably across sectors, across societal actors, and among low-, medium-,
and high-income countries (Stafford-Smith et al. 2017).

Indeed, the outcome of solutions that depend on the efforts of countries and orga-
nizations to deal with the economic, social, and political ramifications of climate
change cannot be measured with cause-and-effect linearity (Stiglitz et al. 2006). The
issue at hand is therefore to determine how the relationship of national sustainable
development planning vis-a-vis its environmental consequences can be used to pro-
mote policy coherence and enforce coordination among fragmented sectors. Owing
to its complexity and unpredictability, climate change has increasingly been deemed
a wicked problem (Head 2008), that is, a problem occurring at the confluence of
human and environmental concerns, to which new solutions only beget new prob-
lems (Sun and Yang 2016). When elaborating major proposals for change, keeping
this image in mind ensures one is cognizant of the particular dynamics engendered
by contending inputs, variable outcomes, and their degree of interaction over time.

Research has recently revealed the necessity of moving away from linear solu-
tions—solutions that involve setting targets for the reduction of greenhouse gas
(GHG) emissions for each country, industry, and organization—and of expecting
people to change their practices for the sake of common good (Sun and Yang 2016).

" Article 7 of the Paris Agreement.
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Viewing climate change and global sustainability as wicked problems enables us to
interpret their challenges and solutions in more dynamic and complex terms, includ-
ing social messes and industrial and organizational fragmentation (Conklin 2016).
As climate change and its consequences now appear inevitable, it seems sensible to
undertake adaptive measures as a way to cushion against negative effects and explore
potential opportunities. Adaptation, as an organizational principle, enables us to
understand the relationship between the system and its composite parts. Indeed,
adaptation capabilities encompass myriad transdisciplinary aspects of the environ-
ment, and this multi-sectoral approach is a welcomed starting point for a reflection
on the systemic, reciprocal ties between environment and society.

The path to adaptation, however, can take on a variety of forms reflecting the
diversity in kind and in degree of risks and vulnerabilities, which complicates yet
substantiates the need for monitoring. The current dearth of a standardized method
for tracking adaptation, especially in arid socio-ecological systems, means it is fore-
most to develop tools with which it can be systematically measured over time and
across regions. Nevertheless, to reduce exposure and susceptibility to risk, adapta-
tion will likely involve policy, legislative, administrative, institutional, and financial
responses, and therefore, even appropriate measurement techniques will not guaran-
tee the implementation of the measures. Further, the effects of adaptation may not
come to light for many years or even decades, and will fluctuate according to uncer-
tain or unknowable future climatic and socioeconomic conditions. Understanding
the conditions of adaptation is in line with target 17.8 of the Sustainable Development
Agenda, which stresses the importance of operationalizing “technology and innova-
tion capacity-building mechanism for least developed countries....”

Earlier measurement systems have seldom taken the aforementioned challenges
and limits into account. If a unified approach to quantifying adaptation as a continu-
ous process (adaptation pathways, Wise et al. 2014) is to be developed, it must
emerge alongside with tools and strategies designed to evaluate the process of adap-
tation; ensure that this monitoring subsequently translates into iterative actions
(Sabel and Victor 2016); establish a comparative framework across scales and
regions; identify where the greatest deficiencies lie so as to guarantee that resources
are allocated accordingly; and keep public governance systems updated on the prog-
ress and remaining frailties in the adaptation process. Designing such tools is all the
more urgent in light of the Paris Agreement’s stipulation that “each party shall, as
appropriate, engage in adaptation planning processes and the implementation of
actions, including the development or enhancement of relevant plans, policies and/
or contributions”'? and that “the provision of scaled-up resources should aim to
achieve a balance between adaptation and mitigation, ...considering the need for
public and grant-based resources for adaptation.”!® This statement is in line with the

12 Article 7 of the Paris Agreement.
13 Article 9 of the Paris Agreement.
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need to respect “each country’s policy space and leadership to establish and imple-
ment policies for poverty eradication and sustainable development,” as stated in
target 17.15 of the 2030 Agenda, which emphasizes the need for international com-
mitments to bolster capacity-building in developing countries and in turn facilitate
national endeavors to enhance sustainable development' and policy coherence.

Above all, complying with the recent global environmental and development
commitments is a matter of suitable governance (Adger et al. 2009). However, gov-
ernance poses specific challenges, such as, for instance, how to deal with institu-
tional fragmentation, since global challenges involve almost all domains of policy
and governance levels; or how to account for persisting uncertainties regarding the
nature and scale of risks and proposed solutions; and how to design short-term poli-
cies based on long-term projections. The main question remains: how to develop
strategies that bolster sustainable development in the context of climate change,
and increase the ability of society to cope with and initiate social transformations
away from unsustainable trajectories towards new social-ecological pathways
strengthening ecosystem stewardship, and its associated values (Olsson 2003;
Chapin et al. 2009).

However, change is brought about by slow-moving variables (Chapin et al. 1996;
Carpenter and Turner 2000) that nevertheless bear a strong influence on internal
dynamics, and therefore, tracking and understanding these variables may be the
most crucial step. Indeed, it will illuminate the rates, directions, and magnitudes of
the key processes underlying the long-term evolution of societies and ecosystems
(Stafford Smith and Huigen 2009).

Although large quantities of data are currently being collected, there remain sig-
nificant gaps and deficiencies in our ability to monitor drylands (Verstraete et al.
2009) principally in reason of the high variability of data on human and social
dimensions caused by the tight coupling of human and environmental processes in
arid and semiarid regions. Existing systems of observation in drylands have typi-
cally been designed for ad hoc purposes, without much concern for integration or
interoperability with other structures; in some cases, they have initially developed
or adapted for different environments. As a result, many key variables in drylands
are not always properly monitored.

Much data that could be critical on multiple fronts of policy-making currently
lies fallow or fragmented. Many governments, but particularly the poorest and most
marginalized, still lack access to adequate demographic and territorial data. The
current situation will evidently fall short of expectations on sustainability, both
globally and locally. Short of an overhaul in the way data is treated and collected,
the international community, acting through bilateral or multilateral ODA (Official
Development Assistance) will not be able to support the most vulnerable people.
Thus the importance of capacity-building as a way of improving the availability of
high-quality, reliable, punctually reported data in the developing world by 2020."

4Target 17.9 of the Sustainable Development Agenda (2030 Agenda).
!STarget 17.18 of the Sustainable Development Agenda (2030 Agenda).
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Therefore, it is necessary to identify relevant data types to facilitate the develop-
ment and tracking of metrics. As a general rule, sources must (1) provide informa-
tion in global, national, and local contexts; (2) be systematically collected and
follow standardized guidelines and protocols of data collection and processing
such that a comparative analysis of high-quality data will reflect real trends at dif-
ferent spatial and temporal scales; (3) provide sufficient details of metadata; (4)
include all pertinent knowledge systems; and (5) be reported consistently, and col-
lected at regular intervals; and (6) be made accessible to all stakeholders or groups
of interest. As this will require the combination of many different types of datasets
and information, it reinforces the need for collective participation at the design,
implementation, monitoring, and evaluation stages, to define the questions, needs,
and interests to be addressed; select data and analytic tools, and in particular work
with local communities to bolster their involvement during the whole process
including data collection, and in the subsequent interpretation and application of
findings (Maaroof 2015).

By nature, complex systems display non-linear features. This is particularly true
for such systems as drylands, for which it would be unwise to assume that human
behavior will be predictable and follow simple and linear patterns. A number of
gaps in the knowledge base can be identified, most notably: (1) a limited under-
standing of barriers and challenges; and (2) the want of metrics to evaluate the state
of the system, and to assess its progress and effectiveness. Consequently, while
most data is technically public, navigating the means of access to it can prove a
challenge in itself, and mining it for relevant insights often requires technical exper-
tise and training that organizations and governments with limited resources cannot
systematically afford.

Efficient use of data can only be effected through the collaboration of many
actors, including scientists and those with on-the-ground experience, leveraging
their strengths to plumb the technical possibilities and the context in which this
knowledge can be implemented. The various stakeholders, those who own data and
those who depend on it, should ideally coalesce into a data ecosystem that will stoke
the development and implementation of various policies. Among the main stake-
holders we find: (1) governments and public institutions; (2) international and
regional organizations; (3) philanthropy; (4) charities; (5) the private sector and
industry; (6) academics and scientists; and (7) civil society as a whole. The chal-
lenge will be to bring together these different actors, as stakeholders tend to act
within rather than among systems and procedures, and it will be crucial that plat-
forms are developed and managed effectively so that the availability of data benefits
integrated approaches to sustainability.

Data-driven development strategies, as tools for formulating policy, can greatly
facilitate the implementation of SDGs. However, many emerging and developing
countries are still struggling to collect and manage much smaller datasets and
statistics, where data is still largely unintegrated, fragmented, or of poor quality, and
statistics are often top-down without feedback to communities. New forms of inter-
institutional relationships must arise before data, resources, human talent, and
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Box 14.2 International Research Platform Model: The Agadir
Platform—Source: The Authors

In October 2018, during RISZA’s international event “Observando juntos al
desierto desde multiples miradas” in the Mapimi biosphere reserve of Mexico,
a collective brainstorming session took place with the goal to define a com-
mon model for an international scientific platform, namely the Agadir
Platform. Figure 14.1 illustrates the final diagram with its various concepts,
tasks, and items, and their relationships to the implementation and operation
of the platform. In this framework, three main caveats to implementation were
identified, respectively, relating to: (1) governance, (2) support structures, and
(3) data availability.

1. Governance models in such partnerships can take on various shapes.
Although it is doubtful that one single framework will be suited to the full
gamut of activities, the brainstorming session was an attempt to better
understand how research on global challenges can be optimally organized.
One of the conclusions was that such research infrastructure projects
would tremendously benefit from a more diverse interest-base, involving
also government representatives, NGOs, civil society, indigenous groups,
especially marginalized communities. This, in turn, should foster flexibil-
ity in governance structures, though the influence of research and innova-
tion in the private sector ought not to be neglected. The priority when
identifying a governance model for the Agadir Platform was to find a struc-
ture in which scientific expertise, social innovation, industrial strengths
and interests, and political objectives would converge to strengthen collec-
tive engagement. The main purpose of this exercise was to provide solu-
tions to the peculiar challenges of arid and semiarid socio-ecological
systems in order to define inclusive sustainable development trajectories.

2. As part of the project, four pillars (criteria) to its development and imple-
mentation were delineated. Firstly, political support. Here, the opening
contention was that national governments must continue to invest in
research and partnerships so as to avail themselves of new sources of inno-
vation and growth, thereby maintaining vital connections in the global
research landscape. Political support enhances a country’s ability to assim-
ilate scientific developments as per its national interest. International activ-
ities and collaboration should play a key role in national scientific and
innovation strategies, so that countries are poised to benefit from the intel-
lectual and financial leverage. Secondly, varied incentive models, such as
innovative research agendas and strategic planning, advocacy and out-
reach, and collaborative membership, will add to the platform’s social
capital. The challenge for governments, scientists, civil society, and the
other entities involved will be to make the most of global science: how to

(continued)
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ensure that the fruits borne of this science are fully taken advantage of to
solve today’s global problems and prepare for to the opportunities and
challenges of the future? Thirdly, it has become abundantly clear that a
system of innovation (SI) must lie at the foundation of the Platform’s strat-
egy and agenda. Such a system must be holistic in the sense that it encom-
passes a broad range of determinants of innovation and allows for the
inclusion of organizational, social, and political, as well as economic fac-
tors. It must be truly interdisciplinary and absorb the perspectives of vari-
ous standpoints and professional outlooks. Finally, the need for human
capital and funding. Every country has a stake in solving global problems,
but national and local capacities for the implementation and application of
science are highly variable. Many efforts are funded directly by govern-
ments, but philanthropists, the private sector, and other actors, such as
innovation hubs, can play a vital role in supporting risk-taking research
and promoting behavioral change. Cross-sectoral coordination will be
most likely maintained when all participants are involved, from planning
to evaluation, and when budget allocations are explicitly allocated for this
purpose.

3. Tackling global problems requires an understanding of their local manifes-
tations. In areas where traditional scientific infrastructure is weak, local
knowledge or non-peer-reviewed research may be a welcome addition to
otherwise scarce data, particularly in order to develop cost-effective, par-
ticipatory, and sustainable adaptation strategies. Thus, bottom-up, micro-
level data, generated by citizens and locally relevant sources, will
complement the largely top-down, macro-level approach to development
data. Synergistic interactions at the confluence of small data and tradi-
tional social indicators within mature data ecosystems will unlock the full
potential of data for development. Here, the key challenge to implementa-
tion for the platform lies in developing a permanent observation system
that crosses micro- and macrodata on drylands within the focused regions.

decision-making capability can be fully leveraged. Spaces will be needed to serve
as forums for technical, cultural, and institutional development. These spaces should
emphasize collaboration as a way to build upon the power of individuals, organiza-
tions, businesses, and institutions, to investigate challenges and come up with solu-
tions, galvanizing a global culture of learning and action.

Several research performing organizations, acting locally or globally, have
launched new initiatives, RISZA is one of them, and governance mechanisms aimed
at multilateral scientific cooperation to address global challenges, which may offer
some important insights into how best move forward. While basic scientific research
will continue to be moved by the drive and curiosity of individual scientists and the
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goals of funding agencies, it has also been accepted that research agendas can ben-
efit from being advised by a more diverse range of interests, with major involvement
of civil society and indigenous communities. This would foster engagement, but
would entail governance structures flexible enough to support it. Thus, ensuring that
industrial strengths, scientific capabilities, and policy objectives are all on a par is a
priority for future governance structures, especially in developing world.

Good governance, transparency, and accountability are pivotal to successful col-
laborative frameworks. Global challenges are often interdependent and dynamics
between them are complex. Research programs that focus on these challenges are
often managed separately, reflecting an endemic fragmentation as well as a lack of
coordination in the policy sphere. Governments, civil society, academia and
research performing organizations, the private sector, philanthropic and charitable
organizations, all need to consider how to integrate the many disparate global
frameworks to better coordinate research and education efforts, and reward innova-
tive and creative endeavors in the sustainability sphere. Furthermore, the collabora-
tion of academics and other ex-academia stakeholders, as a form of transdisciplinary
research, will be an essential part of a solution-oriented, sustainable research frame-
work (Irwin 2018).
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Governance scheme such as these will better manage transparency issues that
surround data access, and may radically change the way scientists work together.
Within such a governance framework, it will be paramount to ensure continuous
assessment of the design and framing of research questions through to the produc-
tion, diffusion, exploitation, and assessment of new knowledge. This will help gal-
vanize and maintain the involvement of all stakeholders. Greater overall engagement
in knowledge (research—education—innovation) generation and sharing is a real
opportunity for a more widespread assessment of socio-environmental challenges,
as illustrated by the “citizen science” approaches (Liu and Kobernus 2016). Many
models of partnerships to generate useful and policy-relevant knowledge bring
together scientists, governments, corporations, philanthropists, charities, and civil
societies, to address regional to global challenges. This kind of transdisciplinary
research is increasingly becoming a data-driven enterprise—due to meteoric
improvements in digital systems’ capabilities in acquiring, storing, analyzing, and
distributing information while consistently reducing costs—and a multi-stakeholder
governance model will help facilitate data and resource sharing.

A growing number of government agencies, funding agencies, and international
organizations are supporting the demand for greater data sharing, particularly in
sustainability research concerned with global challenges. However, despite growing
support for open data sharing in many parts of the world, there remain challenges to
implementation especially for researchers in developing and least developed coun-
tries in Africa and Latin America. One of the main purposes of data exchange is to
expand the number and diversity of scientists dealing with societal issues, but this is
only significant if researchers can use and interpret data from local indigenous com-
munities. Thus, researchers using open data should strive to conduct relevant ethical
studies for local communities and report the results back to them in order to pro-
mote the development, transfer, dissemination, and diffusion of environmentally
sound technologies.!

Innovative mechanisms, new incentives, and policies designed to enhance con-
vergence and advance transdisciplinary sustainability research must arise to relax
the current hindrances to the efficiency and performance of scholars and academic
institutions. Such initiatives should be bottom-up, led by researchers with invest-
ments from their own governments, particularly in developing areas. International
commitments are required to strengthen Southern countries’ investments in research
capacity and to bring forth collaborative research platforms that will serve as a
consistent front against global challenges. Finally, effective communication tools
and outreach strategies that suit the needs of different stakeholder groups will be
key to the empowerment of sustainability research and its applications.

Bearing this in mind, global challenge programs should consider incorporating a
capacity-building element to help minimize disparities and improve scientific literacy

1Target 17.7 of the Sustainable Development Agenda (2030 Agenda).
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across regions. Addressing global problems requires an understanding of their local
and regional manifestations (Cherlet et al. 2018), as well as how they are represented.
In regions, where traditional scientific infrastructure is weak, this may involve draw-
ing on local indigenous knowledge or non-peer-reviewed research, especially in the
development of adaptation strategies which are cost-effective, participatory, and sus-
tainable. This is the main education and training perspective included within the
Agadir Platform.

Sources of funding for participatory transdisciplinary research must be identified
and/or generated. Long-term projects that require large facilities, expensive technolo-
gies, and upfront investment cannot come to the fore short of national governments
pledging long-term financial commitments or creating appropriate incentive frame-
works. Where programs rely on multilateral consensus, every financial contribution
is vital to maintaining accountability and inclusivity. Accordingly, the platform in
Agadir has been equipped for the analysis of the phy