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Abstract
The paper proposes an analysis of the social–ecological resilience of the Limarí Basin, 
an agriculture-intensive dryland in the north of Chile, featuring one of the most inno-
vative market-based water managements and the most active water rights market in the 
country, but concurrently affected by an ongoing water stress situation. The Chilean water 
market, one of the main examples of the application of neoliberal policies in water man-
agement, has received mixed appraisals although, at present, few empirical studies evalu-
ate the social and environmental conditions associated with their operation. This paper, 
on the contrary, maintains the necessity to assess the capacity of market-based models to 
face situations of water stress, particularly since mega-drought phenomena are projected 
to become a recurring and increasing problem during the following decades because of 
climate change. The study offers a mixed bottom-up and top-down qualitative empirical 
analysis of how the Chilean water market operates, providing relevant insights into four 
dimensions of the social–ecological resilience of the watershed: redundancy, diversity and 
flexibility; connectivity, collaboration and collective action; social–ecological memory and 
learning; self-organization and governance of system changes. The conclusion is that water 
scarcity is self-produced: despite the flexibility provided by market-based water manage-
ment, the combined effect of  strong deregulation, of  the absence of territorial planning 
and integrated management of water resources, and of short-term attitudes and generalized 
mistrust, has led the system to the critical situation it is now facing.
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1  Introduction

Due to its geographical, climatic, and productive characteristics, Chile is considered highly 
vulnerable to climate change (CEPAL/BID 2010; Ministerio del Medio Ambiente 2016). 
Water resources are particularly sensitive because of the extreme harshness, frequency, 
duration, and significance of the “mega-drought” or “aridization” phenomena affecting the 
country in the last years and expected to become a recurring and increasing problem during 
the following decades (Boisier et al. 2016; CR2 2015; Núñez et al. 2013a).

Reduction of up to 50% in stream flows and decreased seasonal variability are projected 
for most basins in the country (Vargas 2012; Ministerio del Medio Ambiente 2016) and 
changing temperature regimes will tend to rise irrigation needs (CONAMA 2008; CEPAL 
2009) increasing pressure on the already highly demanded hydrological resources (Ait-
ken et al. 2016). Climate effects are latitude-dependent with major changes for watersheds 
located at smaller latitudes (Núñez et al. 2013b) particularly affecting the agriculture-inten-
sive drylands located in the northern part of the country. Water resources there—includ-
ing underground ones—are already undergoing over-exploitation (Meza et al. 2015), and 
thus farmers must endure strong competitions for water access because of the mining activ-
ity (Delgado et al. 2015). As a result, such drylands are expected to suffer growing water 
shortages, and there will be pressure on local institutions and management to ensure a 
more sustainable and fair governance of water supply (Hadjigeorgalis 2004; Gentes 2007; 
Leon 2008).

Given such conditions, it is increasingly relevant to understand how local system cope 
with and adapt to present and future water stress as well as whether different kinds of water 
governance structures influence this situation positively or negatively. In order to make 
progress in such understanding, this paper puts forward a mixed top-down and bottom-
up approach for the study of resilience to water stress of the socioecological system cor-
responding to the Limarí Basin (an agricultural-intensive dryland in the northern part of 
Chile) paying special attention to the role of the Chilean water governance system.

In recent years, a number of studies have targeted water governance in Chile (see 
Sect.  2), mostly borrowing tools from economics and/or from the study of legal institu-
tions, and thus adopting what has been called a “top-down” approach. Little research has 
provided a thorough reflection and analysis on this issue from the point of view of water-
stress-affected users, organizations and/or communities living in specific territories, i.e., 
from a bottom-up approach. This paper aims to complement this growing body of knowl-
edge by introducing three main innovations: first, combining a top-down and a bottom-up 
approach to leverage and complement respective edges on the issue; secondly, focusing 
on social–ecological resilience rather than on exposition or vulnerability which, as argued 
below, allows for a better representation of specific risk dynamics, adaptation, and self-
transformation of the local social–ecological system; thirdly, framing the said resilience not 
exclusively in terms of climate change, but rather looking at climate trends and changes as 
only some of the variables at work from the point of view of water users and organizations.

We hope this analysis will contribute both to the international debate on market-based 
water governance models and to a deeper comprehension of the conditions they establish 
to reduce or increase resilience of water-scarce environments and people living in them 
within the context of climate change.

After this Sect. 1, the paper goes on as follows: First, we are to discuss the existing liter-
ature on water governance systems in the country (Sect. 2); following, we are to introduce 
the conceptual and methodological framework for the study providing a brief description 
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of the case study (Sect. 3); afterward, we are to present the main results from the study 
(Sect. 4); and finally, we are to close with a discussion, some conclusions and key insights 
(Sect. 5).

2 � Water governance in Chile

Under the so-called water market, water resources access in Chile is treated as a commod-
ity delivered to a free market regime which regulates the use through free interchange 
of “water rights” divided in consumptive (e.g., irrigation) and non-consumptive (mainly 
hydropower). In some basins in the country, Limarí being the most important one, a spot 
market was also implemented allowing for the direct sale and purchase of water volumes.

The model has been the object of a still unresolved and strongly polarized debate since 
its formalization in the Water Code (Código de Aguas) enacted in 1981 by the military 
regime.

As one of the main applications of neoliberal policy in hydrological management, the 
Chilean model has been replicated in other countries in the region (Galaz 2004) and has 
sometimes been highlighted as a reference point for water governance (Haughton 2002). 
Among proponents, the market model is praised for the potential in flexibility terms foster-
ing investment and achieving optimal market allocation improving efficiency in the use 
of water and, supposedly, better addressing water scarcity issues and droughts (Molinos-
Senante et al. 2016). It also allows for the use of water where water resources were already 
allocated, a common situation in the north of Chile (World Bank 2011). While some issues 
were identified with the initial allocation of water rights and in distortions associated 
with speculation and accumulation of “idle water” (Donoso 2003), most of these prob-
lems would have been solved by the 2005 Water Reform (Law No. 20.017) that strength-
ened and revitalized the water market and the following 2006, 2008, and 2010 reforms1 
which, respectively, modified the regulation on the exploitation of groundwater, improved 
the operation of water reservoirs, and created the Ministry of Environment (Nauditt et al. 
2010). The market-continuing expansion, both geographically and volumetrically, is quoted 
as proof of the ability to meet users’ needs although it is conceded that some issues do 
remain such as imperfect registering of water-use rights and transactions, growing conflicts 
for water usage, and the lack of sufficient coordination and articulation between govern-
ment institutions and information on groundwater resources (Hearne and Donoso 2014; 
Valdés-pineda et al. 2014).

The relative fragmentation of water-related institutions and the lack of clear and consist-
ent policy and planning for the sector appear among the most-agreed upon challenges for 
the model (World Bank 2013) implying difficulties in water governance, especially when 
considering the increasing frequency and intensity of extreme climate events (Clarvis and 
Allan 2014) often impairing the possibility of achieving a sustainable and equitative use of 
resources, particularly affecting subsistence farming (Delgado et al. 2015) tending to pro-
duce a growing concentration in water rights ownership. The sector is generally considered 
lowly regulated (Bauer 2010) and existing norms are sometimes poorly implemented while 
water rights are not always properly exercised or guaranteed (Vergara 2015). Moreover, the 

1  Respectively, Laws No. 20.099, 20.304 and 20.417. To access the full text of any of the norms mentioned 
here: https​://www.leych​ile.cl/.

https://www.leychile.cl/
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very same regulations are applied throughout the highly diverse contexts of the country 
implying frequent collision of interests and visions around water resources that give way 
to heated conflicts (Rivera et al. 2016; Costumero et al. 2017) difficult to solve within the 
current legal framework. These conflicts often call into question the superimposition of the 
productive value of water over social and environmental uses (Retamal et al. 2012). These 
would prevent the system from prioritizing among different water uses tending to generate 
increasing pressures over the use of water directly affecting ecological flows (Bauer 2015).

Therefore, the model has been deemed incapable of supporting a sustainable water 
resource management (Retamal et  al. 2013) and, in fact, the deployment of new irriga-
tion infrastructure by inducing an enhanced growth in cultivations sometimes may have 
increased—rather than reduced—exposure to water stress (Vicuña et al. 2014). This situa-
tion is worsening considering the current climate trends: In the most pessimistic scenario, 
the available hydrological resources may be insufficient to cover the existing water rights 
during almost half of future years (Meza et al. 2012). This raises urgent calls toward adap-
tation and part of this involves infrastructural arrangements such as irrigations dams. Nev-
ertheless, these should be complemented with integrated watershed governance (Oyarzún 
and Oyarzún 2011) and a more informed and active resource management on the part of 
water users (Vicuña et al. 2012).

Unfortunately, even though climate change is increasingly recognized by Chilean farm-
ers, the incorporation of adaptive practices has been slow and limited, mainly focusing 
in the short-term and on the simplest, most accessible strategies (FAO 2010). Adoption 
of these practices negatively correlates with poverty and as a result, they tend to increase 
inequality (Jara-Rojas et al. 2012); similarly, although paying for water rights might pro-
duce incentives for water savings, it also generates regressive distributional effects and may 
induce more well-to-do farmers to stock on water not only for speculative reasons, but also 
as a risk-mitigation strategy (Arnold et  al. 2015). Education and access to relevant and 
updated information play an important role in improving adaptation; there are significant 
differences between what experts and farmers consider as the most suitable adaptation 
practices though (Roco et  al. 2014, 2015, 2016) and a significant part of the population 
believes that ultimately, the responsibility to respond to climate change should fall on the 
government, the scientific community and international organizations (Rojas 2013). On the 
other hand, mainstream discourse—particularly among government institutions—connects 
adaptation with the modernization of agricultural systems, and some have highlighted a 
positive effect of traditional knowledge and practices on both socioecological resilience 
and agro-biodiversity (Montalba et al. 2013, 2015). Moreover, it has been noted that adap-
tation to climate change should not be separated from the development trajectories that 
shape actors access to social, economic, political and natural capitals, something usually 
understood as “double expositions” (Montaña et al. 2016). In the case of Chile, inequality 
between farmers appears to be particularly large, and it should therefore be a core aspect 
to focus on. In fact, communities may assess climate change as one more challenge in the 
context of other transformations, and their adaptation will depend on both their level of 
understanding/awareness of the phenomenon and on complex sociocultural factors as their 
proactive–reactive attitude to change in general, institutional capabilities, social organiza-
tion and so on. (Young et al. 2009).

This is in line with what is increasingly noticed in other fields of climate and global 
environmental change, vulnerability, and adaptation showing the understanding of 
how people and groups respond to climate change requires more complex frameworks 
toward their capabilities and perceptions (Qin et  al. 2015). That is to say, to adopt new 
theoretical and methodological models that overcome traditional society–nature and 
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scientific–traditional knowledge boundaries toward a more complex and multi-level under-
standing of social–ecological relationships and dynamics (Rojas 2016), in other words, to 
think about it in terms of social–ecological systems and social–ecological resilience. This 
will be further explained in the next section.

3 � Theoretical framework and methods

3.1 � Resilience in social–ecological systems

During the last decades, the concept of resilience has been the object of rapid growing 
attention for a variety of disciplines (Bodin and Wiman 2004). While it is sometimes used 
figuratively as a synonym of sustainability (Christmann et  al. 2012), resilience should 
be more precisely considered as the degree to which affectations or modifications in 
the structure of a system can be triggered by external or internal disturbances (Gallopin 
2006) whether they are social or environmental ones or a coupled social–environmental 
ones). However, resilience is neither merely the exposure to an external threat nor just 
the opposite of its vulnerability (Urquiza and Cadenas 2015). It rather refers to the abil-
ity of absorbing disturbances in the surroundings combining change with the preservation 
of the relationships between its components (Holling 1973); that is, it is able to modify 
variable elements while keeping its basic structure (Gunderson and Holling 2002), identity 
and “basins of attraction” (Walker et al. 2004). However, since complex adaptive systems 
present multiple regimes of stability, it may also refer to the system ability to change rap-
idly and seamlessly from one regime of stability to another (Gotts 2007). A contemporary 
definition of social–ecological resilience acknowledges it as “the capacity of a system to 
absorb disturbance and reorganize while undergoing change so as to still retain essentially 
the same function, structure and feedback, and therefore identity” (Folke 2016) which 
encompasses both adaptability (actions that sustain development on current pathways) and 
transformability (shifting pathways or creating new ones).

As such, thinking about it in terms of resilience rather than exposition or vulnerability 
may help to better describe joint social and ecological states and development trajectories, 
identifying critical thresholds, facilitators, and barriers for the transition between different 
states and trajectories (Sietz and Feola 2016); to discover complex and sometimes latent 
ways in which agricultural practices can maintain or improve social communities and their 
environments (Ifejika 2013); to explore how agricultural drought management strategies 
may evolve over time through continuous learning (Rey et  al. 2017); or to highlight the 
potential for local organizations and people taking charge of their own adaptation where 
the broader context proves ineffective (Doughty 2016).

Based on the existing literature, the concept of social–ecological resilience can be bro-
ken down into four key dimensions (Fig. 1):

1.	 Redundancy, diversity and flexibility (shortened as flexibility in what follows) refer to 
the system self-sufficiency and the variety of tools (institutional, technological, produc-
tive or biological ones) it can activate when there is uncertainty or shock, thus expand-
ing its array of possible responses to the changes and disturbances it faces (Tompkins 
and Adger 2004). Internal diversity, and thus, flexibility, can tend to improve when the 
system capacity for innovation and self-transformation is high (Cumming 2011).
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2.	 Connectivity, collaboration, and collective action (shortened as connectivity) refer to 
creating opportunities for interaction and thus greater diversity of social and ecologi-
cal resources (Olsson et al. 2004), enhancing access to resources and the possibility of 
modifying regulations or institutions for them to be more in line with local conditions 
(Tompkins and Adger 2004; Folke et al. 2005) and in doing so guaranteeing a more sus-
tainable, equitable access to natural resources, calling for joint work, support networks, 
participation in decision-making and polycentric modes of governance (Ostrom 1990, 
2009).

3.	 Social–ecological memory and learning (shortened as memory and learning) refer to 
bringing together all the knowledge of a social system about its environment, how this 
has been impacted by changes in the surroundings, and which adaptation strategies have 
been developed (Folke et al. 2005; Olsson et al. 2006), discussing and incorporating both 
formal and informal—scientific and popular—knowledge in decision-making (Saterfiel 
et al. 2013) and making it available to the community at large, thus fostering shared 
learning, i.e., potential to reformulate or incorporate new knowledge over time (Nykvist 
2012). Greater connectivity allows for additional levels of knowledge and social–eco-
logical memory while making an increased collective learning possible during change 
processes.

4.	 Self-organization and governance of system changes (shortened as self-organization) 
refer to including efficacy in both preserving the system original identity and driving 
any transformations needed in order to reach more desirable states in the face of threats 
or when the system original condition is deemed unsatisfactory (Folke 2006; Engle 
2011), and also effectively dealing with any conflicts associated with such changes 
(Folke et al. 2005). This capacity is strongly dependent on the three dimensions dis-
cussed above since it requires the system to be able to access and modify a wide variety 
of elements and relationships, activate its networks to transfer knowledge and resources 
where needed, and draw from past experiences and learning’s to make innovations and 
respond to emerging situations.

Fig. 1   Resilience in social–ecological systems. Compiled by authors



1935Water markets and social–ecological resilience to water stress…

1 3

Such dimensions may be regarded as “predictive” indicators of social–ecological sys-
tem resilience. Since resilience is an intrinsically emergent property (Walker and Salt 
2006), it may not be fully assessed without looking at its effects on some other relevant 
variables (for example, the continuity of business, of local livelihoods, of a species and 
others). This is not the approach we are following here. On the contrary, by breaking 
down resilience into its fundamental determinants, we are focusing on how the market-
based water governance system used in Chile is fostering or hampering the social–eco-
logical resilience of the Limarí Basin. Such an approach may be used to either compare 
different forms of water governance within similar areas assessing their relative impact on 
the determinants of social–ecological resilience on such areas or to compare the suitabil-
ity of the same form of water governance in different areas assessing the degree to which 
area-specific features condition the impact of such form of water governance on the local 
social–ecological resilience. However, since our proposed method does not actually look at 
the effect of social–ecological resilience itself, it may not be the best approach to compare 
how such resilience may be changing over time within the same system—although looking 
at changes in its determinants may provide us with some outlook or trend regarding such 
changes. A factual assessment of the degree of socioecological resilience of water basins in 
Chile would require a different framework which in fact is the object of an upcoming paper 
built over this one.

3.2 � The case: Limarí Valley

As anticipated, the proposed framework was applied to the case study of the Limarí Basin, 
an agricultural-intensive dryland located 600 km to the north of Chile’s capital in the IV 
Region (Región de Coquimbo), in a semiarid region showing a significant inter-annual var-
iability in precipitation and streamflow (Favier et al. 2009; Strauch et al. 2009). Dry peri-
ods are common and generally associated with the cold phase of El Niño Southern Oscil-
lation (Karoly 1989; Meza 2013) and the Pacific Decadal Oscillation (Mantua and Hare 
2002). As it is common in the region, Limari’s hydrology is dominated by highly irregular 
snowmelt and scarce precipitation meaning that water for irrigation is only available during 
spring and summer and with extremely streamflow uncertainty, implying an ever-persisting 
risk of water shortages (Vicuña et al. 2014).

Also because of this reason, the valley stages one of the most innovative market-based 
water governance and the most active water rights market in the country featuring both 
permanent and temporary water rights transactions (water rights market) and an electronic 
water market for water volumes real-time interchange throughout the watershed (spot mar-
ket). Figure 2 depicts the valley with its main water infrastructure: red dots indicate wells, 
blue squares are State-built dams, white triangles are minor dams, and black triangles and 
green diamonds represent future dams (currently under study).

The core of this infrastructure is the so-called Paloma System, a network of three dams 
and multiple interconnected irrigation channels allowing for water storing and distribu-
tion. With no equal in Chile, the system acts as a “water bank” regulating access to water 
resources (highly valued and competed for in the region due to scarcity) among nine user 
organizations through an innovative operational system managing volumes stored in the 
3 dams allowing users to exchange rights and deposits and to even make water withdraw-
als or loans, as it would happen in a real bank (Donoso 2003; Hadjigeorgalis 2004; Fus-
ter 2006; Díaz 2008). This creates favorable conditions for research since it allows us to 
observe the functioning of the Chilean water model where it is fully operative.
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Fig. 2   Map of the Limarí Basin. Compiled by authors based on data from Chile’s Water Resources Directo-
rate (Dirección General de Aguas): http://www.dga.cl/produ​ctosy​servi​cios/mapas​/Pagin​as/defau​lt.aspx

http://www.dga.cl/productosyservicios/mapas/Paginas/default.aspx


1937Water markets and social–ecological resilience to water stress…

1 3

Thanks to this system and despite the harsh climate conditions, the valley was able to 
host an important and diverse production of fruit and vegetables—both temporary and per-
manent plantations. In recent years, there has been an accentuated replacement of often 
permanent traditional crops in favor of others which are more intensive in the use of labor 
displaying higher yields per hectare. However, agricultural yield has been systematically 
decreasing since a few years ago due to prolonged and heavy droughts. The field work was 
mostly done between 2013 and 2014, i.e., during the crisis worst years. Although 2016 
and 2017 have seen a partial recovery in terms of water flow and agricultural productivity, 
climate projections indicate that water scarcity will be a recurring problem in the area mak-
ing particularly important to analyze social–ecological resilience to water stress and, espe-
cially, to assess how the current water governance framework impacts on such resilience. 
In fact, due to the joint effect of hydrological instability and socioeconomical and produc-
tive conditions (namely, the low human development index, importance of agricultural pro-
duction for the workforce and dependence on irrigation), the Limarí Basin has some of the 
highest agri-business vulnerability to climate change settlements in the country (Ferrando 
2002; Peña et al. 2004).

3.3 � Methodology

To understand how the Chilean water model interacts with the specific environmental, eco-
nomic, social, institutional, organizational, and cultural conditions of the researched area, 
and also how it impacts on the capacity to absorb and manage water stress in a context 
of climate change, this paper proposes to understand the Limarí Basin as a social–eco-
logical system whose resilience may be observed by operationalizing the four dimensions 
explained as follows:

•	 Within “flexibility”, we aimed at understanding how the water market actually works 
providing “economic rules” for the allocation of water resources. We also aimed at 
observing the institutional and legislative framework in which such market operates 
(mainly the Water Code and its reforms and local user organizations’ role).

•	 “Connectivity” assessed the collaboration degree between different actors of the soci-
oecological system along the vertical and horizontal dimensions. The vertical one 
accounts for the influence of state organizations in the management of water resources 
and relationships between State, experts, and farmers from the area, whereas the hori-
zontal one accounts for cooperative and/or competitive actions in the management of 
water resources and trust assessment and the impact on collaboration.

•	 “Memory and learning” was articulated as knowledge of the basin water situation and 
the ability to learn from previous drought episodes.

•	 Finally, “self-organization” included the capacity for innovation (developing new strat-
egies) and self-transformation (modifying operational, organizational, legislative and/
or institutional conditions) of the system to deal with increasing challenges in water 
resources management.

As previously stated, the present study combined a top-down and a bottom-up approach 
by comparing existing geographical, climatic and economic-institutional information as 
well as official documents regarding the water market with different stakeholder discourses 
regarding the water market performance in the local context.
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To gather the latter, semi-structured interviews were conducted during two field trips 
lasting 3 months each (January–March 2013 and January–March 2014). Semi-structured 
interviews and qualitative methods in general have been deemed particularly appropriate to 
understand and explain perceptions, behaviors and decisions of different watershed actors 
and inhabitants regarding water issues and management by reconstructing the way these 
are understood, experienced, reproduced and signified within different socioeconomical, 
geographical, and cultural contexts (Retamal et al. 2011).

To select the informants, an information-oriented sampling strategy (Denzin and Lin-
coln 2011) was used aiming at identifying distinctions and evaluations made by different 
stakeholders and thus, ensuring the maximum possible diversity in terms of perspective. 
As a result, a total of 55 subjects structured by type were interviewed including:

•	 6 experts on the topic at a national, regional and local level (two per level);
•	 1 left-wing coalition representative that occupied political responsibility positions for 

the 2006–2010 government term and 1 right-wing representative active during the 
2010–2014 term;

•	 8 government officials from the DGA (Dirección General de Aguas: Water Resources 
Directorate), CNR (Comisión Nacional de Riego: National Irrigation Commission) 
DOH (Dirección de Obras Hidráulicas: Hydraulic Works Directorate) and PRODE-
SAL (Programa de Desarrollo Local: Local Development Program);

•	 6 market intermediaries (3 formal and 3 informal brokers);
•	 9 active administrators and/or managers from different user organizations from the Pal-

oma system;
•	 2 local and 2 national ONG representatives;
•	 20 farmers: 8 small ones, 5 medium ones, 3 large ones, and 4 active agricultural compa-

nies’ administrators in the area.

Some of the farmers and government officials were interviewed twice (once per field 
trip) to appreciate the temporal perspective of their narration. The interviews followed a 
semi-flexible script covering a variety of topics ranging from the social conditions existing 
in the valley to the regulation and operation of the water market and the diverse strategies 
employed to face water stress as well as the cultural meanings and assessment respect to 
water and market operation.

The interviews were transcribed and subject to coding and analysis together with a 
selection of relevant secondary documents. Namely, official documents from the organiza-
tions involved in the water market—aiming at identifying elements that may allow to ana-
lyze resilience of the social–ecological system existing in the Limarí Basin and assessing 
the impact of the market-based water governance on such resilience. The qualitative analy-
sis software AtlasTi was used to support the coding and interpreting of the data. The entire 
procedure was performed by only one coder (thus making it unnecessary to check for inter-
coder reliability) on the basis of a mixed set of codes, partly pre-defined on the basis of the 
existing literature—in accordance with the four analytical dimensions described above—
and partly emerging from the empirical data itself. This was complemented with ethno-
graphical observation providing insights into the functioning of the water market and of the 
user organizations as well as on the relationships between government agencies officials 
and user associations. More details on the interviewees, interviews topics, or the analytical 
categories used for the coding procedure are available on Online Resource 1.

Since this study adopted a qualitative approach, no answers and codes frequency 
or correlation analysis will be provided. Instead, we will narrate the complex web of 
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sense-making through which the interviewed actors build their understanding about the 
water governance system and the effect it produces on the Limarí watershed resilience 
in the face of water stress. Because of length restrictions, we are not providing transcript 
quotes. Should the reader be interested, however, a sample collection is available on Online 
Resource 2.

4 � Results

The field research allowed us to identify a variety of elements that are promoting or limit-
ing each of the four dimensions of the social–ecological resilience identified in the concep-
tual framework as well as other aspects whose effect are more ambiguous. These results 
are summarized in Table 1 and will be briefly presented below organized according to their 
analytical dimension.

4.1 � Flexibility

The separation enacted by the Water Code between property of land and water was origi-
nally quite well received especially by farmers since it reasserted what they had already 
been doing informally in the valley at least since the nineteenth century. Moreover, the 
new status the Code has given to water rights as private and transferable property appears 
to have brought great flexibility. It has also invigorated the market providing for a bigger 
number of rights available and the opportunity to transfer water from a more profitable 
source and improved security. Likewise, according to local sources, it has enhanced secu-
rity for the investors in relation to the use of resources increasing therefore the chance for 
investment because of the lower risk.

The spot market was equally or even more important for enhancing water flexibility 
allowing for a large variety and efficiency of volume transactions mainly thanks to precise 
resource management carried out by the Paloma reservoirs and the important role played 
by user organizations (see below). The establishment of an electronic platform to support 
this market has increased market transparency while lowering transaction costs in provid-
ing an information source regularly accessed by many farmers, even though they them-
selves do not use it for trades. In fact, the actual trading on the electronic market is mainly 
limited to big companies that value the security offered by this legalized institution in com-
parison with traditional water stockbrokers and they can pay the fee to access the service.

Likewise, water volume trading within the spot market also faces barriers ranging from 
high prices of water, especially during droughts to cultural barriers and issues related to 
accessing information. The main water buyers are the largest agricultural companies which 
have both the resources and the strongest need since they have huge volumes of permanent 
crops to keep and export commitments to fulfill. Smaller farmers, particularly vegetable 
growers usually act as sellers: although the most traditional ones would not admit it—it is 
not well seen to earn money trading water—farmers do sell both water volumes and water 
rights on a regular basis because it is often more profitable to sell the seasonal water than 
to plant during a time of drought. Water rights can even be used as backup for mortgage 
requests and are usually referred to as economic or financial assets.

Due to limited State regulation, the impossibility to register new water rights—since 
more than 30 years ago when the basin was declared exhausted—and a constant increase in 
cultivation in the area, water prices have been systematically rising during the last decades 
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making it ever harder for small- and medium-sized producers to keep their agriculture 
business. Many farmers stated they had to sell their shares to cope with financial difficul-
ties and have not been able to recover their stocks and reestablish their wealth later on. 
Therefore, water resources ownership has become more and more concentrated and water 
is generally perceived as a symbol of wealth today.

Numerous critics ranging from entrepreneurs, lawyers, stockbrokers, experts to some 
members of civil society agree that under the current framework the market is highly 
deregulated and they emphasize the need for water rights trading and movement better 
supervision. This is worsened by the restrictive interpretation that State organizations’ 
employees make of the legislation: Although the Code—rather ambiguously—differenti-
ates between the use of water (privatized through the water rights) and its property (which 
should always remain the State´s) in practice, there is a strongly rooted tendency to con-
sider it as a purely private resource.

The ability of State organizations to govern water resources accessing is widely ques-
tioned and private parties are mostly autonomous in carrying out economic trading with 
their stock and water volumes. This has become a heated subject of debate and opinions 
on the matter tending to be highly polarized around the chosen political stance: Right-wing 
representatives highlight the chances given by national regulation to grow private invest-
ment allowing the State to be free from constant spending on the issue and mainly regret 
the lack of sufficient investment in reservoir infrastructure and the scarce ability of local 
organizations to solve water-related conflicts which often times have to be brought on to 
court. Left-wing spokesmen, meanwhile, stress the Code deficiencies, the lack of public 
access to information and the narrow scope for State organizations to act and confront 
problems relating to water resources such as achieving a more sustainable water resources 
management and preventing exploitation spread and intensity.

In this context, the Limarí Basin user organizations have developed their own regula-
tions to establish the limit and condition for water transfers. Although such regulations are 
mainly limited to the spot market, with scarce or no jurisdiction on the water rights market, 
they govern a large amount of the trading: In fact, even government officials consider the 
existence and proper functioning of the user organizations to be a key component for the 
reasonable administration of water resources. However, both entrepreneurs and large-scale 
farmers have heavily criticized conditions and regulations that these organizations impose 
on the market which would betray a lack of knowledge from leaders and administrators, 
hide unresolved conflicts of interests and ultimately, hinder the free market.

4.2 � Connectivity

Apart from contributing to water market self-regulation, user organizations also play a 
key role in terms of associativity and connectivity within the basin allowing for a quick 
and efficient managing of water stock, overseeing the maintenance of infrastructure and 
watering systems, distributing the resources among the water rights holders, and enabling 
changes that can only be carried out at a community level such as building, maintaining 
and improving headworks, dams and canals. Most user organizations are highly profes-
sional, with hired, trained administrators and security guards. However, they tend to attract 
strong criticism for allegedly not acting in the interest of the whole community. This is 
partly because their share-based voting systems tend to favor larger farmers discourag-
ing smaller ones from taking part of the meeting and generally lowering the legitimacy of 
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decisions. However, it is also partly due to frequent accusations to administrators to be tak-
ing advantage of their positions for personal profit.

In general, mistrust is a common issue in all forms of organization and collaboration in 
the valley, and it tends to be mainly from small owners and directed toward those farmers 
or companies with a larger amount of water stock. In any case, the main cause of mistrust 
pervading the system is water theft, i.e., illegal water extraction, which is the object of 
constant suspicion and worry both among neighbors and user organizations. This produces 
conflicts that become especially critical at times of extreme scarcity when such actions 
occur more frequently and contemporarily, farmers’ tolerance decreases.

Although the valley has a long-remembered tradition of communal activities, most of 
them have all but disappeared nowadays and collaboration tends to be limited within small 
groups of farmers with homogenous characteristics and a clear purpose. Among relatives, a 
persisting form of support network is water sharing, which is eased by the Paloma System 
allowing for water volumes to be interchanged even at large distances within the basin. In 
contrast, collaboration among neighbors usually occurs through the lending of machinery 
or workforce and sharing a part of the harvest for private consumption. Group water rent-
ing was quite spread too, before it was formally incorporated in the spot market.

Along the vertical dimension, user organizations and the regional government show a 
well-established and long-standing collaboration which is good when compared to other 
parts of the country although complaints were raised about the procedures being too slow 
particularly in times of scarcity, often unclear, and the inefficiency of some strongly adver-
tised State-led initiatives such as cloud seeding. However, one of the most common sources 
of criticism relates to the tendency of every new government to discontinue and modify 
policy introduced by the previous administration to the extent of discontinuing programs 
and trainings halfway.

4.3 � Memory and learning

The interviews pointed out to a general lack of information about water cycles, snow den-
sity, amount of water stored in reservoirs and even water rights since these are frequently 
registered in books stored in different country locations; particularly worrying is the wide-
spread ignorance about the capacity of aquifers preventing users to think about groundwa-
ter as a common source.

State agencies (namely the DGA) show poor access to information, at times because of 
scarce interest and often because of not having enough resources, personnel and/or skills 
to make use of the knowledge obtained. There are additional gaps in information transfer-
ring from State and experts to user organizations and farmers often leaving plenty of room 
for interpretation preventing those from making informed decisions on the extent, intensity 
and type of crops which may be sustainable in the basin or to assess risks associated with 
an inadequate or unsustainable management of water resources.

Learning is also weak, particularly concerning local and regional authorities: meas-
ures implemented to tackle droughts tend to be reactive and stop when droughts end, even 
though these events tend to be cyclical in the region; moreover, no limits are set on farm-
ing exploitation, something that farmers themselves deem necessary to prevent excessive 
stress on water resources and the growing replacement of temporary crops with permanent 
crops requiring a continuous use of water. In fact, Paloma System administrators suggest 
the basin has already reached its hydrological limit and foresee strengthened risks for agri-
cultural production. Unfortunately, the DGA believes the State has no room to enact new 
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regulations relinquishing to “natural selection”: Those who have enough water rights will 
survive.

Some learning did occur within user organizations gradually setting up procedures, con-
ditions and thresholds for water transfers trying to make them sensitive to the availability 
of water and the eventual effects they may produce on other water users. Moreover, there 
is good potential for cross-learning and information exchange between user organizations 
and some active research centers in the area; however, work is needed to make the research 
more intelligible for the average users and to engage State institutions in the process.

Traditional knowledge receives ambiguous appraisals: On the one hand, the lack of local 
knowledge has often impaired the decision of external companies concerning the purchase 
of sufficient amount of water shares for crops they were planting, making it even more wor-
risome that such knowledge is disappearing as traditional farmers grow old or retire. On 
the other hand, traditional knowledge has proved of little use when unexpected seasonal 
changes occurred, partly as a product of climate change. In such cases, the largest produc-
ers were shielded because they have access to professional advice and forecasts whereas 
small traditional farmers incurred in significant losses. They often chose to rely on their 
preconceived beliefs rather than on user organizations official announcements. Moreover, 
the eldest farmers’ refusal to invest in machines has limited their income even in the best 
years. However, their farming activities have been made more ecologically sustainable than 
the intensive and/or industrial agriculture at the same time.

4.4 � Self‑organization

Most innovation comes from the market—one example is the electronic spot market, which 
in the future may even allow to transfer water from the rainy South to the dry North—and 
from user organizations, the latter being mainly focused on improving efficiency and regu-
lating transfers. Attempts at a more integrated, multi-stakeholder watershed management 
have been made but they were hampered because of the lack of a suitable legal framework 
and the political instability connected to the change of government. Farmers tend to be 
more short-term-oriented concerned as they are with saving each year’s harvest.

State organizations show the lowest innovative skills tending to prioritize measures 
directed to mitigate emergencies and avoid collapse leaving few resources available to 
address broader issues; in part, this seems to be due to a narrow political focus on the 
next elections disregarding longer-term commitments. On the other hand, the very market 
model makes it hard for public institutions to implement changes since it would require a 
huge amount of resources for them to purchase water rights needed to boost actions for 
safeguarding sustainable basins.

Most felt priority concerns the regulation of crops and seeding: Even large agricultural 
companies are aware that free competition is incompatible with ecological homeostasis in 
the basin and most respondents highlight the need to implement a more integrated water 
governance.

From this perspective, the 2005 Water Code reform—itself the result of a very long and 
laborious process—is accused to have been unable to tackle or even to have extremized 
the fundamental market orientation of the water model: Some of the amendments aimed at 
reducing the concentration of property and stimulating the market proved quite ineffective 
and seemed to promote the intensive use of aquifers, thus appearing as more appropriate 
for contexts of high abundance than for ones involving scarcity. The implementation of an 
ecological flow, although initially well received, only applies to rivers with available rights 
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and it is therefore useless for high-demand areas such as the Limarí Basin where water 
flows are already exhausted. Conversely, one of the most controversial elements refers to 
lack of restrictions on the change of water rights use, a faculty commonly used to switch 
water from agriculture to the more profitable mining in the north.

In the end, while there is increasing awareness of water resources efficient management 
importance, most of the attention still goes toward the economic dimension while environ-
mental issues have been indefinitely postponed with unforeseeable consequences.

5 � Discussion and conclusions

The research presented here has allowed us to distinguish those processes and conditions 
that foster, reduce, or ambiguously affect the social–ecological resilience to water stress 
of a dryland such as the Limarí Basin and to clarify potentials and limits of market-based 
water governance models on said resilience, particularly considering the new challenges 
arising from climate change and expected effects on hydrological resources.

Based on the results presented above and summarized in Table 1, we can conclude that 
overall the market-based water management system is hampering rather than fostering the 
Limarí Basin socioecological resilience.

This seems to be particularly the case regarding the memory and learning, and self-
organization dimensions. In the first case, the main determinants are a deficient knowl-
edge management and transfer on the part of State organizations and the farmers’ biased 
understanding of hydrological and climatic processes while traditional knowledge seems 
to be playing a more ambiguous role somewhat improving ecological sustainability, and 
at the same time impairing farmers’ ability to respond to a changing climate. In the sec-
ond case, resilience is also hampered by the short-term attitude of both farmers’ and State 
organizations—limiting their attention toward deeper and more longer-term processes such 
as mega-drought and other climate change-related phenomena—and the low empowerment 
of local actors to enact the deep changes that would be needed in the legal-institutional 
framework, while public institutions lack resources, knowledge and political will to help 
with these initiatives. Thus most innovation potential seems to reside in the very market.

In the Flexibility and Connectivity dimensions, water management impact on resilience 
is more ambiguous: however, referring to the former, results seem to show that flexibility is 
currently declining with a negative outlook in terms of resilience. While the water market 
does provide users with some increased Flexibility in addressing their water needs in the 
face of scarce resources, the unequal access to such markets, the constant rise in prices and 
water concentration tend to aggravate the situation for the poorest—and most traditional—
farmers. Moreover, flexibility is also hampered because of the lack of State regulation and 
overuse of the spot market to plant more than each farmer is able to handle only by making 
use of the rights he owns, and often inducing to substitute temporary crops for more per-
manent ones, thus renouncing to the “buffering” capacity the former offered with respect to 
water scarcity: innovation seems to be leading to a more “efficient” but ultimately less flex-
ible and sustainable use of the resource. Considering the increasing and long-lasting water 
stress the region will have to face, this represents critical risk for social–ecological system 
resilience.

With respect to connectivity, user organizations showed a strong potential which was, 
however, deeply hampered by the unfair and, ultimately, illegitimate decision-making 
mechanisms these organizations adopt and the general mistrust reigning in the system 
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leading to frequent and often poorly managed conflicts. In the vertical dimension, although 
there have been some efforts toward collaboration, these are often inefficient and highly 
dependent on political trends.

Although some of these results may be specific to the Limarí Basin, many of them con-
firm previous research on other areas. This allows us to have a more general overview of the 
Chilean market-based water governance framework. Various trends hampering resilience 
shown in the case were found to be quite a recurring feature of water markets in Chile: that 
is the case with the tendency of such markets featuring unequal access and concentration 
of property (Arnold et al. 2015; Delgado et al. 2015; Jara-Rojas et al. 2012), inducing an 
under-valuation of non-economic uses of water (Prieto 2016) and providing incentives to 
the over-exploitation of existing water resources and the increased reliance on permanent 
crops (Bauer 2015; Montalba et al. 2015; Retamal et al. 2012; Vicuña et al. 2014). Espe-
cially when coupled, as it often seems to be the case in the country, with limited admin-
istrative supervision and poor vertical as well as horizontal coordination (Retamal et  al. 
2013; Valdés-Pineda et al. 2014; Montaña et al. 2016), such conditions have been shown 
to lead to increasing conflicts relating to the use and allocation of hydrological resources 
(Bauer 2015; Frêne et al. 2014; INDH 2016; Rivera et al. 2016; Costumero et al. 2017), 
and at the same time limiting the collective decision-making a must for an integrated man-
agement of such resources and the protection of freshwater and terrestrial biodiversity in 
the area (CEPAL 2009; CR2 2015). The ambiguous standing of knowledge—particularly 
traditional knowledge—has also been recently debated in the specialized literature. On the 
one side, traditional practices may offer a form of resilient and sustainable use of local 
resources which may be lost by recurring only to technology and infrastructure (Montalba 
et al. 2013, 2015). On the other side, technology and knowledge do offer important adap-
tation options which are often overlooked especially by the most small-scale, traditional 
and present-oriented farmer groups (Roco et al. 2014, 2015, 2016). Similarly, the literature 
seems to agree that the short-term attitude of both farmers and State organizations together 
with the low empowerment and access to information of local actors appears to be one 
of the most critical aspects in limiting resilience of the system toward deeper and more 
longer-term processes such as mega-drought and other climate change-related phenomena 
(Young et al. 2009; Clarvis and Allan 2014; Hurlbert and Gupta 2016).

Our research on the Limarí Basin, however, allowed us to identify some other aspects 
which may be actively influencing the way water governance systems affect social–ecologi-
cal resilience. User organizations particularly emerged as one of the key elements within 
the Paloma System operating in the Limarí Basin, as well as a potentially rich resilience 
source for the system spanning all its dimensions from flexibility (as a form of self-regula-
tion), horizontal and vertical connectivity (linking users among themselves and with State 
institutions), memory and kearning (collecting and directing user practices and fostering 
knowledge interchange with experts and research institutions), and self-organization (as a 
driver for local innovation). In our research area, such potential was deeply hampered by a 
generalized lack of trust and the low legitimacy in the leadership and participation in such 
organizations. In fact, the growing literature on socioecological systems and adaptive envi-
ronmental governance has been long stressing the importance of shared trust and polycen-
tric governance as key factors for promoting both the adaptability and the transformability 
of such systems, especially in the face of growing uncertainties and potential regime shifts 
caused by climate change (Cosens et al. 2018; Ostrom 2009; Vaas et al. 2017).

Therefore, future research should pay more attention to the role that these organizations 
(and variables such as trust and legitimacy) play in water management and social–eco-
logical resilience of other basins, both in Chile and in other countries which have been 
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endeavoring in the use of market-based water governance such as Australia, China, South 
Africa, and/or the USA (Grafton et al. 2010). In more general terms, our results point out 
the importance of adopting a wider understanding of water scarcity. It is increasingly being 
accepted that (Mehta 2014) water scarcity is not the mere physical lack of water result 
(water deficits). It also depends on the structural arrangements determining how the exist-
ing water is organized, distributed and employed. In the case of the Limarí Basin, water 
deficits are an almost endemic phenomenon, a deeply rooted feature of the climatology 
and geomorphology of the land. In such a context, water scarcity becomes largely self-pro-
duced, a result of increasing over-exploitation—itself fostered by the availability of water 
markets and the outstanding technological infrastructure the basin can count on while 
growingly threatening the carrying capacity of such infrastructure—together with the 
absence of territorial planning and an integrated water resources management, short-term 
attitudes and generalized mistrust leading the system to the critical situation it is now fac-
ing. Gravity should not be underestimated particularly in the face of heightened frequency 
and intensity which droughts are expected to show in the future (Tarhule 2017). Moreover, 
this outcome would be even more severe if you consider the complex interdependences 
between water, energy and food dynamics and their respective regulatory framework. This 
interaction may increase the stress to which water governance institutions are subject to 
even further, especially in the northern part of Chile (Bauer 2010; Meza et al. 2015).

While the particular social–ecological trajectory the Limarí Basin features may be 
partly a result of its specific characteristics, our analysis should make us pause on the need 
of considering water and its management as a combined physical and social process (Lin-
ton 2014; Swyngedouw 2009) with deep political and socioenvironmental facets (Boelens 
et al. 2016) Therefore, they should not be approached through a purely “technical” position 
focused only on biophysical projections, infrastructure provision and scientific expertise. 
(Fernandez 2014; Linton and Budds 2014).

Rather a more integrated framework is needed to allow for assessing the reciprocal inter-
actions between social, ecological and technological processes in order to arrange both top-
down and bottom-up observations on such processes. A theoretical approach based on the 
notion of socioecological resilience, as the one we presented in this paper, may offer a very 
useful model for such framework. This approach may be used not only to study other areas 
with similar characteristics (additional basins in Chile or other Latin American states), but 
also to compare the relative performance of different forms of water governance in similar 
areas as well as suitability of water governance form in different social–ecological systems; 
finally, it may well serve to push forward a more reflexive and collaborative approach to the 
planning of water resources and socioecological systems (Sellberg et al. 2018).
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