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ABSTRACT: From a multi-variate database, causal relationships regarding water scarcity for human consumption in the Chol-
Chol River basin were identified. The relationships were examined using the principal component analysis (PCA) statistical 
technique, and digital coverage was processed with ArcGIS 10.1, allowing for the construction of different thematic maps. Semi-
structured interviews were conducted with various local actors, including Mapuche community leaders or lonkos (chiefs in the 
Mapudungun language) and local planners. The models with the greatest statistical significance are associated with the variables 
that measure land use changes between 2013 and 2017, particularly native forest and agricultural crops. In areas with greater changes 
in land use, there is less water availability and greater drinking water distribution by tanker trucks. A group of three models with 
the best goodness of fit (statistically significant) were identified. The models are related to the replacement of native forests with 
forest plantation (monoculture) and overexploitation of groundwater for irrigation. This model also links lower native vegetation 
cover in the southeastern part of the basin to agricultural uses on arable land, which is of higher quality than land in the north, and 
to lower drinking water consumption. The historical occupation processes of the Araucanía region (Wallmapu), the public policies 
of land and water (water emergency zone), climate change (decreases in flow and precipitation and increases in temperatures) are 
some of the driving forces behind land use change and water availability observed. An important innovation of this work has been 
the realization and discussion of the interviewees’ perceptions, showing different perspectives on a common problem; water scarcity. 
The interviews reveal diverse responses to the research question: What are the main variables related to the lack of water in Mapuche 
territory? The perception of Mapuche lonkos is that the lack of water is mainly associated with the rapid expansion of forest 
plantations. Local planners in the municipalities share a similar opinion. 
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1. Introduction 

Among the main causes of water scarcity are climate change [1] and the transformations of a given area caused by 
primary sector extractivist activities such as mining, forestry monocultures, and the export agroindustry [2–7]. The 
continuous expansion of these activities has translated into a significant increase in the demand for factors of production, 
including land and water. Water has become a scarce consumer good and a fundamental input to sustain large-scale 
production processes. However, its availability, quality, coverage, and continuity have been substantially altered, 
especially for the rural population, resulting in unequal distribution of and access to water resources [8]. 

The Hurst-Kolmogorov dynamics suggest that hydrological processes exhibit long-term persistence, meaning that 
water availability is influenced not just by isolated climatic fluctuations but broader stochastic trends [9]. A global-scale 
study by [10] confirmed that long-term climate variability is a more significant driver of water scarcity than temperature 
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increases. Similarly, [11] conducted a bibliometric review of the Hurst-Kolmogorov dynamic over the past 50 years, 
reinforcing the importance of understanding hydrological persistence in water management strategies. 

Globally, it is estimated that 370 million people live in indigenous communities, and many of these people face 
the challenge of protecting their access and traditional rights to ancestral land and water resources. According to the 
United Nations, this challenge has various causes, including climate change, increasing water contamination, and 
depletion of fresh surface and groundwater resources. As a result, indigenous communities in many countries and 
territories have lost access to water they have traditionally used, as their access is physically and legally restricted. 
Studies have reported that mineral extraction and forestry monocultures in indigenous territories have resulted in the 
loss of food systems, the destruction of ecological systems and cultural land, and significant migratory processes [8]. 
Water scarcity undermines indigenous peoples to maintain their traditional ways of life, especially because water is 
considered a community good and natural element that has a spirit, life, and power [12–15]. Thus, water becomes a 
subject for the Mapuche, under a dual perspective of “being in the land and being of the land” [16,17]. 

According to some authors, the Mapuche have developed a historical relationship with water, in which genetic, 
linguistic, and cognitive elements of the human experience converge [18]; that is, a biocultural memory that, among other 
aspects, depends on the historical and territorial context in which a people develop. This Mapuche feeling and thinking or 
“feel-thinking” on water arises from the interaction between memory and the daily practices of individuals [19]. 

This research assumes that the expansive dynamics of capital, in its extractivist form, and changing climate patterns, 
acting interrelatedly along with more local-scale factors, generate major pressures and tensions in territories inhabited 
by indigenous peoples [20]. In the study area, both factors operate simultaneously [21–23]. 

1.1. The Mapuche Situation 

The Mapuche are the largest indigenous group in Chile. It is estimated that 250,000 Mapuche live in rural areas, 
mainly in the Biobío, La Araucanía, Los Ríos, and Los Lagos regions, in small wooden houses on plots of land typically 
smaller than one hectare [24]. The Mapuche engage in subsistence agriculture, which often does not generate enough 
income to support a family. This forces both men and women to seek wage labor outside their communities, primarily 
in urban areas and forestry companies. Many Mapuche families and communities in these regions live near or adjacent 
to forestry plantations [24,25]. 

According to figures from CORMA (National Wood Corporation), of the 3814 legally registered Mapuche 
communities listed by CONADI (National Corporation for Indigenous Development), 1012 maintain collaborative 
relationships or provide services to forestry companies. Meanwhile, Forestal MININCO, one of Chile’s largest forestry 
companies, owns properties bordering approximately 12,000 hectares adjacent to 380 Mapuche communities. Similarly, 
Forestal Arauco’s properties border 404 communities [26]. 

Recent studies indicate that the geographic expansion of forestry monocultures has significantly contributed to 
socio-environmental problems such as soil erosion, water scarcity in heavily forested areas, and rural population migration 
[27–31]. Some researchers argue that Mapuche and non-Mapuche farmer communities adjacent to these plantations have 
not benefited significantly; instead, they have experienced multiple harms and coexistence conflicts [5,32–34]. 

This discord has historical roots in the military occupation of Wallmapu. Government-led land ownership, auctions, 
colonization, and community settlements contributed to a sustained loss of sovereignty, autonomy, and future 
development opportunities for the Mapuche. In recent decades, pressures on water, land, and forests and social tensions 
in Wallmapu have intensified. Water access is not guaranteed for the Mapuche, and its legal distribution remains 
unequal, with a clear pattern of water concentration observed at the national level [35]. 

1.2. Water Crisis and Climate Patterns 

According to data from the DGA in the northern and central macro-zone of our country, in the last two decades, a 
decrease in precipitation and the flow of the main rivers has been observed, with a reduction of 20% and 50% in the 
availability of water in both macro-zones, respectively, a trend that is projected to continue in the next 30 years [36,37]. 

In the Araucanía Region, precipitation has been variable over the last 60 years, with a marked reduction starting in 
the 90s and current annual precipitation not exceeding 800 mm, much lower than the historical average for a normal 
year, 1150 mm [38]. Before the 90s, annual rainfall over 1400 mm was common in small stretches of years. In the 
Araucanía, rainfall deficits are estimated at 30% [39] and in the Chol-Chol basin, the trend is similar: decreases in flow 
and precipitation. Data from three DGA stream gauges indicate a decrease in the flows of the Traiguén and Lumaco 
rivers, tributaries of the Chol-Chol River located north of the study area. The records indicate that over a period of 23 



Rural and Regional Development 2025, 3, 10005 3 of 22 

 

years, the flow of the Traiguén River has decreased by approximately 1 m3/s, a figure that reaches 3.5 m3/s for the Lumaco 
River and 20 m3/s for the Chol-Chol River. Temperatures in the last 23 years have increased by 0.5° Celsius [39]. 

Water scarcity prompted the Chilean government to declare a water emergency in the basin, decreeing a series of 
measures: construction of wells, Rural Drinking Water (APR, for its initials in Spanish) projects, and distribution of 
drinking water with tanker trucks [5]. However, such actions have proven insufficient against the magnitude of the 
problem. The lack of water has forced rural populations to migrate to areas with APRs that provide a constant supply 
of better-quality water [40]. This infrastructure has had to face a demand for which it was not prepared, with a greater 
number of users connected, often informally, to water distribution networks [21]. It has been estimated that 33% of the 
population of the Chol-Chol River basin is supplied with water from natural surface or groundwater sources such as 
rivers, streams, and springs, 37.2% from tanker trucks, and 29.8% by APRs [5,21]. Consumption is low, especially 
among the population supplied by trucks (under 50 L per capita) in the more arid northern part of the basin [21]. 

1.3. Study Area 

The Chol-Chol River basin is in the Araucanía Region in central Chile, with a surface area of 573,500 hectares 
(Figure 1). Its population is 102,275, of whom 71% are Mapuche, distributed mainly in rural areas. This territory 
includes significant morphological diversity, which has given rise to a great variety of climates, soils, and ecosystems, 
shaping, over the years, different forms of occupation and socio-cultural and economic development processes, 
including widespread intensive forestry production, associated with radiata pine and eucalyptus monocultures, 
especially in the southeast and northeast. The south of the basin is wetter and has greater water availability, a situation 
that favors small-scale agriculture that commercially links Mapuche communities with the cities of Temuco and Nueva 
Imperial. The north of the basin is more arid, with greater water scarcity. 

Studies based on political ecology and ethnographic methods have described the severity of limited water access 
in the Chol-Chol River watershed [40], identifying negative impacts on the indigenous population and economies, such 
as alteration of gender and family roles, habitat fragmentation and loss of natural sources of water with cultural meaning. 
Due to the lack of water, many families have migrated to areas with concentrated or semi-concentrated populations that 
have APRs and, at present, a constant, higher-quality water supply [40]. However, these areas have had to cope with a 
demand for which they were not prepared: a greater number of users have connected, often informally, to distribution 
networks, placing strain on well water availability [21]. Finally, around 33% of the watershed’s population is supplied 
by natural surface or groundwater sources such as rivers, streams, and springs. 
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Figure 1. Study area, Chol-Chol River basin. 

2. Materials and Methods 

2.1. Database and Construction of Variables 

A field registry of Rural Drinking Water (APR) projects and information from datasheets on drinking water 
distribution with tanker trucks provided by municipalities of the basin allowed drinking water consumption variables 
to be constructed. Information on water rights was obtained from official registries of water use rights registered at the 
General Water Directorate [41] and registrations of water use rights at offices of land and property registrars [42] for 
the 2001–2015 period. Information on flows and petitioners by sub-basin was used to develop a GINI index. 

Information on Mapuche land was obtained from the Land, Water, and Irrigation Fund of the National Corporation 
for Indigenous Development [43] including digital coverages of Títulos de Merced (titles to historical Mapuche land 
granted by the Chilean government to Mapuche communities between 1880 and 1930), land purchases or subsidies 
(Indigenous Law of Chile, 19.253, Articles 20a and 20b, 1997–2017 period), and land demanded by Mapuche people 
and communities [44]. The land-use categories (native forest, secondary native forest, agriculture, forestry plantation) 
were constructed based on digital coverages from the Registry of Plant Resources of Chile from 1997 and 2013 [45]. 

This allowed variables of land-use change between the two periods to be generated. To assess the suitability of the 
land for agricultural use, the arable land category was used, based on information generated by the Natural Resource 
Information Center [46]. ArcGis 10.1 was used to process the digital coverages and create thematic maps showing the 
spatial behavior of the analyzed variables. For the statistical analysis, a multi-variate data matrix was constructed, where 
each row corresponds to a sub-basin (i), and each column shows the value of the variable (Table 1). This matrix was 
the basis for the principal component analysis (PCA). 
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Table 1. Definition and coding of the variables used in the statistical analysis. 

Variable Code (Xij) Variable Description 
ShA(Area)  Sub-basin area, value expressed in hectares 

GINI(GINI) GINI index by sub-basin, expresses the concentration of water rights distribution 
NPer(N) Number of people supplied with drinking water by tanker trucks by sub-basin, January 2017. 

PerC (PeC) Average water consumption value per capita by sub-basin, January 2017 
PobT(PobT) Total population by sub-basin (INE, 2017). 
DerA(Dere) Percentage of water rights granted to Mapuche people by sub-basin (DGA, 2021a), 2005–2017 period. 

TieAper(A_per) Arable land per capita by sub-basin, expressed in hectares (CIREN, 2013) 
TieATot(A_to) Total arable land by sub-basin, expressed in hectares (CIREN, 2013) 
TieAMap(Tma) Total arable Mapuche land by sub-basin, expressed in hectares (CIREN, 2013) 

PobTMap(PTMap) Estimated total Mapuche population by sub-basin (INE, 2017) 
TieApermap(Aperc) Arable Mapuche land per capita by sub-basin, hectares per capita (CIREN, 2013) 

DeApMap(PDM) Average Mapuche water rights per capita by sub-basin, liters/second/per capita (DGA) 
DeAnoMap(PDNM) Average non-Mapuche water rights per capita by sub-basin, liters/second/per capita (DGA) 

TieMap%(Tma) Pecentage Mapuche land by sub-basin % (CIREN,2013) 
TieDMap(DdaT) Indigenous land demands, expressed as a percentage by sub-basin (CONADI, 2016) 

TieCONADI(Tcona) CONADI land purchases, expressed as a percentage by sub-basin (CONADI, 2016) 
For1997(For97) Forestry plantations in 1997, expressed as a percentage by sub-basin (CONAF) 

For2013(For2013) Forestry plantations in 2013, expressed as a percentage by sub-basin (CONAF) 
Cam97_2013(C972013) Forestry plantation change rate 1997–2013, expressed as a percentage by sub-basin (CONAF) 
Nati_1997(Nati_1997) Native forest in 1991, expressed as a percentage by sub-basin (CONAF) 
Nati_2013 (Nati_2013) Native forest in 2013, expressed as a percentage by sub-basin (CONAF) 
NatiCamb97(NaCam97) Native forest change rate 1997–2013, expressed as a percentage by sub-basin (CONAF) 

Renob_1997(R1997) Secondary native forest percentage 1997, (% by sub-basin; CONAF) 
Renob_2013(R2013) Secondary native forest percentage 2013, (% by sub-basin; CONAF) 
Cambrenob(Cbrenb) Secondary native forest change rate 1997–2013, (% by sub-basin; CONAF) 

Agro1997(A97) Agricultural use percentage 1997, (% by sub-basin; CONAF) 
Agro2013(A2013) Agricultural use percentage 2013, (% by sub-basin; CONAF) 

Camagro (Ca) Agricultural use change rate 1997–2013, (% by sub-basin; CONAF) 
APR_P(APR_P) Average water consumption per capita per APR project (*) by sub-basin, January 2018 
APR_F(APR_F) Average water consumption per family per APR project (*) by sub-basin, January 2018 

(*) Rural Drinking Water (APR) project located in rural zones with concentrated or semi-concentrated populations. 

2.2. Statistical Analysis 

The Principal Component Analysis (PCA) technique is based on a set of correlated data and aims to reduce the 
number of explanatory variables using linear transformations. The result is a set of new variables, called principal components, 
which together describe a phenomenon more efficiently while minimizing redundancy among the original variables. 

PCA is a dimensionality reduction technique that transforms a set of potentially correlated variables into a smaller 
set of linearly uncorrelated variables, known as principal components (PCs). This transformation is achieved by 
identifying the directions (eigen vectors) along which the variance in the data is maximized [47,48]. The first principal 
component captures the highest variance in the dataset, while subsequent components capture progressively lower 
variance, subject to orthogonality constraints. This ensures that each principal component is independent of the others. 

This study applied PCA to identify underlying patterns in the dataset and reduce redundancy among variables. The 
principal components that explained at least 70% of the observed variability were retained for further analysis [49]. 
These components were then used as regressors in linear regression models, where different dependent variables (Y) 
extracted from the data matrix were analyzed. By incorporating these transformed variables, the models aimed to 
improve interpretability and reduce collinearity issues that often arise in multi-variate regression analysis. 

In the final stage, the models with the best R2 fit were selected, ensuring they contributed to explaining the 
relationships between observed drinking water consumption in the Chol-Chol River basin and the rest of the variables. 
Additionally, the complete set of variables before and after transformation was visualized through figures, facilitating 
a clearer understanding of the impact of PCA on data structure. The mathematical equations used for the PCA 
transformation, including the eigenvalue decomposition and normalization process, are presented to enhance 
transparency and reproducibility. 

Data analysis was performed using R [50] ensuring robust statistical computations and visualization. 
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2.3. Field Activities 

In 2018 and 2019, information was collected in the field through visits to different basin areas. Then, twelve semi-
structured qualitative in-person interviews were conducted ([51,52]; Table 2). The outline topics were grouped into 
worldview, forms of water use, causality and processes, adaptive mechanisms, and land and water resources 
management. The interviews were recorded with prior informed consent of the interviewees. Once the material had 
been transcribed and coded into categories, a qualitative content analysis was performed [53,54]. Data extraction, 
summarization, and reduction were carried out using Schreier’s interpretive approach [55]. In addition, a specific 
questionnaire was applied to APR administrators and operators, 34 in total, providing information with which technical 
datasheets on each project were created. The ethical standards of interviewee confidentiality and anonymity were upheld.  

Table 2. Description of the interviews conducted in terms of position/category, commune, and coding. 

Position/Category Number of Interviews Commune/Zone Code 

Managers of drinking water distribution with 
tanker trucks, municipal officials 
(Directorate of Municipal Works, 
Directorate of the Environment, and 
Directorate of Social Development) 

8 

Traiguén, north 
Chol-Chol, south 
Nueva Imperial, south 
Victoria, east 
Perquenco, east 
Lautaro, south-north 
Lumaco, north 
Purén, north 

E3-Tr, 2017 
E5-CH, 2017 
E7-NI, 2017 
E8-V, 2017 
E9-P, 2017 
E10-L, 2017 
E11-Lu, 2017 
E12-Pu, 2017 

Public service professional in charge of APR 
design and monitoring (Hydraulic Works 
Directorate, (DOH, for its acronym in s), 
MOP). 

1 Temuco (1) E2-T, 2017 

Lonkos of Mapuche communities of the 
south and north Chol-Chol River basin. 

3 
Galvarino, south 
Traiguén, north 
Chol-Chol, south 

E1-G, 2017 
E4-Tr, 2017 
E6-CH, 2017 

(1) Interview conducted in the city of Temuco, capital city of the Araucanía Region, which is not part of the Chol-Chol River basin. 

3. Results 

3.1. Models and Principal Components (PCs) 

One of the models with a poor observed fit is CONADI land (Table 3). This algorithm is associated, in terms of 
statistical significance, with principal components 2 and 3, particularly the variables “land demanded by Mapuche 
communities” and “forestry plantations”. This relationship suggests that CONADI acquired part of the Mapuche land 
in the basin and that this land had forestry plantations when it was acquired, between 1997 and 2013. It can also be 
inferred that these purchases have been in areas with low arable land availability. The lack of quality farmland and its 
market value has obligated CONADI to acquire properties with smaller surface areas for agricultural use and greater 
surface areas suitable for forestry. 

The arable Mapuche land model is linked to two statistically significant components (Table 3). One of them is 
associated with the decrease in secondary native vegetation in various parts of the basin between 1997 and 2003, a 
process that has allowed land to be made available for agricultural production. This model also reflects the decreased 
forestry plantations in various parts of the basin. This algorithm is associated with components 1 and 2. 

The main relationship is that fewer water rights have been legally established in areas with a greater concentration 
of indigenous land. Water in the basin is concentrated among non-Mapuche agricultural and forestry operations located 
on the best agricultural land toward the west of the basin (Figure 2). However, a water rights concentration is also 
observed within Mapuche land, especially in agricultural areas and those with arable land located near the cities of 
Nueva Imperial, Chol-Chol, and Temuco. This model shows that Mapuche land has more soil dedicated to crops 
compared to other uses such as native vegetation or forestry plantations. Basically, but not exclusively, the Mapuche 
land in the basin is used for agriculture. 

The total population model is explained by components 1, 2, and 4. The relationships of interest: as the 
concentration of the Mapuche and non-Mapuche population increases, the farmland area of the properties increases, as 
does the intensity of land-use changes from non-agricultural to agricultural uses between 1997 and 2013. The model 
positively associates population with greater land-use pressure. Inversely, it links population and land-use changes with 
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a decrease in native vegetation, especially secondary vegetation. The clearing of native vegetation to prepare land for 
agriculture or livestock is a possible explanation. 

This model also associates the “population” variable with water rights granted; in areas of the basin with a greater 
Mapuche population, more water rights (number of petitions and flows) have been granted to non-indigenous people, 
including mid-size and large farmers, as well as forestry companies. This demonstrates a strong process of water 
resources concentration, especially in the west and south of the Chol-Chol River basin (Figure 2). Table 3 presents the 
results of the regression model. 

Table 3. Linear regression models associated with land and population, significance (p-value) of the principal components (PCs) 
in the model, and correlation (r) of PCs with original variables (𝑋௜௝). 

Linear Model  
Component (PC) and 

Significance Value 

Explanatory 
Variable 

(𝑿𝒊𝒋) 
R 

CONADI land = 29.79 − 2.12CP1 − 7.34CP2 − 5.45CP3 + 0.02CP4 
R2 Aj = 0.70 
where: 
CONADI land: CONADI land purchases, expressed as a percentage by sub-basin 
and CP1, CP2, CP3 and CP4: principal components regression coefficients 

CP1(0.1865) 

Agro2013 0.84 
Camagro 0.80 
Agro1997 0.77 

DeAnoMap 0.77 
T_Mapupor 0.74 
Renob_2013 −0.70 

CP2(0.0032) 
TieDMap 0.81 
For1997 0.74 

CP3(0.0277) 
APR_P 0.87 
APR_F 0.86 

CP4(0.9949) 
Shape_Area 0.78 

TieAMap 0.67 

Total Mapuche population = 5284.17 + 1436.46CP1 − 1391.41CP2 + 489.76CP3 
+ 1796.25CP4 
R2 Aj = 0.71 
where: 
Total Mapuche population: Estimated total Mapuche population by sub-basin 
and CP1, CP2, CP3 and CP4: principal components regression coefficients. 

CP1(0.0096) 

Agro2013 0.87 
Camagro 0.82 
Agro1997 0.81 

DeAnoMap 0.80 
T_Mapupor 0.70 

CP2(0.0171) 
Arab_Tot 0.72 

Ara_percap 0.70 
TieDMap −0.78 

CP3(0.3899) 
APR_P 0.85 
APR_F 0.85 

CP4(0.0304) 
ShA 0.73 

TieAMap 0.69 

Arable Mapuche land = 4799.89 + 719.42CP1 + 113.49CP2 + 315.99CP3 + 
1506.19CP4 
R2 Aj = 0.71 
where: 
Arable Mapuche land: Total arable Mapuche land by sub-basin, expressed in 
hectares and CP1, CP2, CP3 and CP4: principal components regression 
coefficients 

CP1(0.0109) 

TieMap% 0.81 
Agro2013 0.77 
Camagro 0.72 
Agro1997 0.71 

Num_person 0.70 
Renob_1997 −0.79 
Renob_2013 −0.81 

CP2(0.6334) 

TieCONADI 0.77 
Arab_Tot 0.74 

Ara_percap 0.71 
For1997 −0.73 

TieDMap −0.75 

CP3(0.2911) 
APR_P 0.85 
APR_F 0.85 

CP4(0.0041) ShA 0.70 

Mapuche land = 35.56 + 5.85CP1 − 6.40CP2 + 0.22CP3 − 0.15CP4 
R2 Aj = 0.71 
where: 
Mapuche land: Percentage Mapuche land by sub-basin and CP1, CP2, CP3 and 
CP4: principal components regression coefficients 

CP1(0.0053) 

Agro2013 0.89 
Camagro 0.85 
Agro1997 0.82 

DeAnoMap 0.79 
For2013 −0.74 

CP2(0.0054) 
TieCONADI 0.84 
Ara_percap 0.71 
TieDMap −0.73 

CP3(0.9124) 
APR_P 0.86 
APR_F 0.85 

CP4(0.9499) 
ShA 0.78 

TieAMap 0.67 
CP1(0.0133) Agro2013 0.85 
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Total population = 7279.42 + 1300.37CP1 − 1174.5CP2 + 669.72CP3 + 
2439.6CP4 
R2 Aj = 0.73 
where: 
Total population: Total population by sub-basin and CP1, CP2, CP3 and CP4: 
principal components regression coefficients 

Camagro 0.80 
Agro1997 0.79 

DeAnoMap 0.79 
TieMap% 0.73 

Renob_1997 −0.70 
Renob_2013 −0.71 

CP2(0.0307) 
TieCONADI 0.81 

Arab_Tot 0.73 
TieDMap −0.78 

CP3(0.2413) 
APR_P 0.85 
APR_F 0.85 

CP4(0.0079) 
ShA 0.71 

TieAMap 0.70 

Table 4, as an example, shows the original variables and the values of the coefficients of the PCA 1 and 2 of the 
Mapuche Land model (Mapuche Land = 35.56 + 5.85CP1 − 6.40CP2 + 0.22CP3 − 0.15CP4). 

Table 4. Original variables and the values of the coefficients of the PCA 1 and 2 of the Mapuche Land model (Mapuche Land = 
35.56 + 5.85CP1 − 6.40CP2 + 0.22CP3 − 0.15CP4). 

Variable PCA 1 PCA 2 
ShA  −0.2853 0.1636 
GINI 0.5586 0.2871 
Nper 0.6980 −0.3720 
PerC  0.3891 −0.5803 
PobT 0.5935 −0.3793 
DerA  −0.4553 −0.6173 

TieAper  −0.0969 0.7132 
TieATot  0.0781 0.7416 

PobTMapu  0.6854 −0.4054 
TieAper −0.1791 0.6731 

DeApMapu 0.5704 0.2680 
DeAnoMap 0.7349 0.3327 
T_Mapupor 0.8150 −0.4300 
TieDMap 0.0983 −0.7472 

TieCONADI −0.3675 0.7714 
For1997  −0.3347 −0.7291 
For2013  −0.5415 −0.6912 

Cam97_2013 −0.0436 0.4389 
Nati_1997 −0.5572 0.0784 
Nati_2013 −0.5308 −0.1014 

NatiCamb97 0.2275 −0.5316 
Renob_1997 −0.7939 0.3511 
Renob_2013 −0.8095 0.4303 
Cambrenob 0.5777 −0.0702 
Agro1997 0.7131 0.5329 
Agro2013 0.7681 0.5298 
Camagro 0.7174 0.4837 
APR_P −0.2797 −0.1643 
APR_F −0.3034 −0.1147 

In Figure 3, component 1 is represented on the ordinate axis and component 2 on the abscissa axis, with the 
percentage of explained variance. Both components explain more than 50% of the observed variability. The longer 
vectors provide greater weight in the explanation. The red points show the spatial relationship of the sub-basins with 
the original variables and allow them to be grouped. 
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Figure 2. Water rights concentration in Chol-Chol River basin (GINI index). 

 

Figure 3. Representation of the main components 1 and 2 of the Mapuche Lands model (Mapuche land = 35.56 + 5.85CP1 − 
6.40CP2 + 0.22CP3 − 0.15CP4) and the grouping relationship with the subbasins that are part of the Chol-Chol watershed. 

It bears mentioning that in the Chol-Chol River basin, there are 25,311 Mapuche farms, of which only 442 have 
registered water rights (1.7%), with a theoretical availability of 2.8 L/s [21]. In Chile, only 2.2% of water is being used 
by indigenous populations under the current legal regime of water use ([35]; Water Code, 1981). 
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On average, each Mapuche in the Chol-Chol River basin has 2.8 L per second, while a non-Mapuche has 31.2 L 
per second, an amount that allows production based on traditional annual crops, as well as market garden products and 
even conversion to other more profitable uses such as small orchards. In the northern zone, most Mapuche farms do not 
have water rights, a situation that prevents them from applying for government subsidies such as irrigation projects or 
Rural Drinking Water (APR) projects.  

Many of the water rights granted to non-indigenous people (forestry companies) are not used by their owners, 
generating a speculative process associated with the “water market” in the Chol-Chol watershed. Therefore, it is 
paradoxical that water is distributed using tanker trucks in areas with established rights. Water rights continue to be 
established and concentrated among mid-sized agricultural properties and forestry companies, increasingly limiting 
access by Mapuche people and communities [56]. 

In order to access water a strategy has been observed. An ecclesiastical institution in the Araucanía Region that 
has registered rights to water in the Chol-Chol river, was “visionary and protected, so to speak, this area by registering 
water rights”, adding that this organization “cedes rights to indigenous committees and communities for APRs. It’s an 
important actor for building APRs, I mean they start looking for all those committees that have water, that take water 
from the Chol, its practically all of them” (E2-T, 2017). His opinion is categorical: “they are important, they extract 
2000 and 3000 liters per second over there at one point in the river, they’re giving it for free, they’re giving it to the 
communities, for irrigation, to the APRs”. 

However, the government still has a significant water reserve in the Chol-Chol River watershed, which has been 
estimated at more than 11,000 L of water per second [21]. These resources could be redistributed among Mapuche 
people and communities in the northern part of the watershed, thereby reversing the major water concentration process 
observed and allowing productive development based on land and water as primary sociocultural axes. However, 
assuming that there will be a more equitable future water distribution as a public policy standard, it asks if Mapuche 
communities have appropriate land, arable land, for more intensive irrigation. 

It should be noted that the demand for water has been constantly increasing in the Chol-Chol watershed [41], 
especially since the 1980s. This is reflected in a continuous increase in requests for rights and the amount of water 
granted, which peaked in 2016 with more than 500 requests and 440,000 L/s delivered. Only from 2018 onwards has a 
decrease with 36 requests and 112.2 L/s granted by the DGA. 

3.2. Modeling and Water Scarcity 

Of the set of analyzed variables and defined principal components, a group of three models with the best goodness 
of fit, statistically significant with R2

ajust values over 0.85 (Table 5), was selected. Figure 4 shows the relationship 
between principal component 3 and the “forestry plantations” response variable for the For2013 regression model, and 
Figure 5 shows the principal components of the model For2013, Renob2013, and Agro 2013. 

Table 5. Linear regression models associated with water scarcity, significance (p-value) of the principal components (PCs) in the 
model, and correlation (r) of PCs with original variables (𝑋௜௝). 

Linear Model 
Component (PC) and 

Significance Value 

Explanatory 
Variable 

(𝑿𝒊𝒋) 
R 

For2013 = 31.58 − 2.31CP1 − 4.47CP2 − 3.62CP3 − 1.02CP4 
R2 Aj = 0.86 
where: 
For2013: Forestry plantations in 2013, expressed as a percentage by sub-
basin and CP1, CP2, CP3 and CP4: principal components regression 
coefficients. 

CP1(0.0088) 

TieAMap% 0.88 
PobTMap 0.78 

Num_person 0.78 
Renob_1997 −0.82 
Renob_2013 −0.85 

CP2(0.0005) 

Arab_Tot 0.79 
Ara_percap 0.77 

TieCONADI 0.74 
Arapercama 0.70 

Derecho −0.71 

CP3(0.0041) 
APR_P 0.82 
APR_F 0.82 

CP4(0.3570) 
ShA 0.77 

TieAMap 0.69 

Renob_2013 = 9.03 − 1.96CP1 + 1.37CP2 + 0.38CP3 + 1.62CP4 
R2 Aj = 0.93 
where: 

CP1(0.0001) 

Agro2013 0.88 
Camagro 0.85 
Agro1997 0.80 

DeAnoMap 0.79 
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Renob_2013: Secondary native forest percentage 2013, and CP1, CP2, 
CP3 and CP4: principal components regression coefficients. 

For2013 −0.74 

CP2(0.0001) 

TieCONADI 0.85 
TieApermap 0.73 

TieAper 0.71 
TieAMap −0.72 

CP3p = 0.1224 
APR_P 0.86 
APR_F 0.86 

CP4p = 0.0006 
ShA 0.79 

TieAMap 0.64 

Agro2013 = 54.07 + 4.15CP1 + 5.05CP2 + 2.80CP3 − 1.45CP4 
R2 Aj = 0.87 
where: 
Agro_2013: Agricultural use percentage 2013, and CP1, CP2, CP3 and 
CP4: principal components regression coefficients 

CP1(0.0009) 

TieMap% 0.90 
Num_person 0.80 
PobTMapu 0.80 
Pob_Total 0.71 

Renob_1997 −0.82 
Renob_2013 −0.86 

CP2(0.0005) 

TieAtot 0.79 
TieAMap 0.71 
Derecho −0.72 
For1997 −0.74 
For2013 −0.77 

CP3(0.0247) 
APR_P 0.83 
APR_F 0.83 

CP4(0.2597) 
ShA 0.78 

TieAMap 0.65 

 

Figure 4. Representation of the relationship between principal component 3 (PC3) and the “forestry plantations” response variable 
for the For2013 regression model. 
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Figure 5. Representation of the main components (PCA1 and PCA2) of the model For2013, Renob2013 and Agro 2013. 
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The forestry plantations model is explained by the first 3 components. Component 1 is inversely related to the 
presence of secondary native forest (1997 and 2013) and directly related to the number of people supplied with drinking 
water by tanker trucks, the total Mapuche population, and Mapuche land (Figure 6). The second component presents a 
direct relationship with the “Mapuche land acquired by CONADI” variable and an inverse relationship with water rights 
granted to Mapuche. The interpretation of these relationships indicates a replacement of native vegetation with fast-
growing introduced species, mainly pine and eucalyptus. These are forestry plantations of large companies and small 
areas of Mapuche community members (Figure 4).  

Other relationships indicate that the properties acquired by CONADI present significant forested areas in zones of 
the basin where few water rights have been granted to Mapuche, especially in the drier northern part, where there is less 
availability of arable land and a geographical configuration of low ridges and hills with steep slopes (Figure 5). 
According to a Traiguén municipal professional, the problem is also related to land purchases. In his judgment, 
CONADI “buys land and just tosses it there”, referring to Mapuche communities that benefit from government subsidies, 
adding that: “they should have bought some with water rights, for irrigation at least, they just sold them land” (E3-Tr, 2017). 

 

Figure 6. Forestry plantations and Mapuche land in area under a water emergency declaration, Chol-Chol River basin, La Araucanía 
Region. 

Native vegetation dynamics were measured via the secondary native forests 2013 variable and are explained by all 
the components. They are related to land used for agriculture (1997 and 2013), land-use changes between agriculture 
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and other uses, and water rights granted to the non-Mapuche population. Between 1997 and 2013, land with secondary 
native forests in the basin increased in area due to a succession of land-use changes related, in the first stage, to the 
cleaning of primary or secondary native forests to prepare land for farming or agriculture. Then this land enters a fallow 
stage, allowing the recovery of native shrub or tree cover. 

The third component relates the presence of secondary native forests to the locations of Rural Drinking Water 
(APR) projects. In areas with greater secondary native forest cover, consumption of drinking water provided by APRs 
is greater compared to consumption from APRs located in zones with other land uses such as agriculture or forestry 
plantations. Corroborating this aspect, a municipal official of Traiguén, a commune located in the northern part of the 
basin, states, “that part, that part where the Rehue River rises there and has a lot of native forest, that area doesn’t 
have water problems” (E3-Tr, 2017). 

The Agro2013 model indicates relationships among the presence of secondary native forest, the population 
supplied with drinking water by tanker trucks, the total Mapuche population, and Mapuche land. Other important 
variables are arable land per capita, consumption of drinking water by the population supplied by APRs, and arable 
Mapuche land. The most significant relationship is the increase in farmland associated with the decrease in primary and 
secondary native forests in different parts of the basin. Meanwhile, the increase in farmland in the Chol-Chol and Nueva 
Imperial communes is associated with the “total population supplied by tanker trucks” variable; that is, there is more 
water delivery in homes located in agricultural areas, especially in agricultural areas where Mapuche communities 
predominate. This model also links lower native vegetation cover in the southeastern part of the basin to agricultural 
uses on arable land, which is of higher quality than that located in the north, and to lower drinking water consumption. 
Table 6 shows the original variables and the models with the greatest explanatory weight in the different sub-basins of 
the Chol-Chol watershed. 

Table 6. Original variables, model and sub-basin. 

Original Variable Model Sub-Basin 
TieMap 

PobTMapu 
Num_person 
Renob_1997 
Renob_2013 

Agro2013 = 54.07 + 4.15CP1 + 5.05CP2 + 2.80CP3 − 1.45CP4 
Sub 1 
Sub 6 
Sub12 

TieMap% 
Num_person 
PobTMapu 
Pob_Total 

Renob_1997 
Renob_2013 

For2013 = 31.58 − 2.31CP1 − 4.47CP2 − 3.62CP3 − 1.02CP4 
Sub 1 
Sub 6 
Sub12 

Agro2013 
Camagro 
Agro1997 

DeAnoMap 
For2013 

Renob_2013 = 9.03 − 1.96CP1 + 1.37CP2 + 0.38CP3 + 1.62CP4 
Sub1 
Sub 7 
Sub12 

In sub-basins with larger areas subjected to land-use change, a greater decrease in secondary native forest cover 
and, in some cases, elimination of primary native forest fragments or remnants located in ravines is observed. In the 
case of Mapuche farms, especially in the northern area, the native vegetation on the properties was replaced by forestry 
plantations, decreasing the amount of arable land used for crops. This dynamic has caused better-quality land in the communities 
to become increasingly scarce, a historical process that has been exacerbated by the lack of water in recent decades. 

3.3. The Mapuche Lonko Perception 

A lonko from a Galvarino community states that climate variations also explain the lack of water: “nature in Chile 
has changed a lot, because that has also affected the communities a lot”. He remembers the climate events of the past 
and relates them to the geographic conditions of the area: “it has changed a lot because before the experience I had 
between now and 20 years ago, man, it rained a for week, 15 days, and today the most it rains in a year, about 20 days, 
multiplying by 5 days for one month, 5 for another month, it could be less, it’s a failure, also, that has harmed practically 
in these highland areas, like this one” (E1-G, 2017).  
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A lonko from Traiguén explained another: “gradually, in some places, especially where people planted pine and 
eucalyptus trees, around there the water problem began”. He adds: “because many times, here they thought up, you see 
eucalyptus here, one hectare, two hectares, but it was CONAF that came with the big lie, saying, in 12 years you’re 
going to be, man, almost a millionaire” (E4-Tr, 2017).  

For this interviewee, whose lonko led an important process of territorial recovery of more than 3000 hectares, a 
large part of which were planted with radiata pine: “there are certain spaces that we will not be able to touch because 
they have another meaning for us, a meaning beyond that, a spiritual meaning, because I cannot exploit them there, 
because there are lawenes there, remedies that serve us for the Machi” (E4-Tr, 2017). 

He acknowledges that plantations affect the availability of water and that: “if there is no water, we will not have 
any, we will not be able to produce our traditional crops, for example, today you cannot grow a vegetable garden 
because, with that amount of water they give you, you cannot produce a vegetable garden”. In his opinion, “the fight 
against forestry companies begins because spaces begin to shrink, families begin to grow and the land does not grow 
any further”. 

In many communities, forestation was carried out with government support to generate medium-term earnings, 
without considering the effects these plantations could have on future water availability. This situation is acknowledged 
by a lonko of Galvarino, who states: “there was an error here, a human, personal error, and also by the professionals 
we have, who were aware, it was known that in the future this would be detrimental to the communities” (E1-G, 2017), 
adding that: “Now it is extremely dry and that has also affected, I think because of the system of Law 701 that I think 
the Chilean government, to be able to forest private and non-private land…that has made us lose the groundwater of 
the menoko [waterhole, spring, or swampy site with abundant vegetation; preferred Mapuche space for the collection 
of medicinal plants and ceremonies]” (E1-G, 2017). 

The interviewee justifies the Mapuche territorial recovery processes by pointing out that: “So, I want to go in there 
to recover to feed ourselves, the only mission we have is to work a little on the agricultural part, work on wheat and 
oats, pasture because we cannot do part of the vegetables because there is no water” (E1-G, 2017). He also recognizes 
the need for the State to build hydraulic works, such as rainwater accumulation dams and APRs. 

For the lonkos, the breakup of the menokos is occurring in the watershed [31] This is an event in which a micro-
watershed and the native vegetation remnants that protect them are dried out as a result of the extraction of water by 
exotic plants, such as pine and eucalyptus trees. 

Their territory is suffering a disease; it is kutrhan (“sick” in Mapudungung, the Mapuche language). Water and 
land scarcity, sustained migration, cultural resistance, increasing precariousness of life, forced adaptation, and uprooting 
are some of the symptoms. 

3.4. The Forestry Companies Arguments 

The forestry companies attribute the lack of water to climate change and the megadrought [57–59]. On this topic, 
CORMA (Chilean Wood Corporation) has expressed that “although plantations use water to grow and produce wood, 
they are not the cause of the reduction in river and stream levels. The main cause is the precipitation deficit due to 
climate change, as well as the increase in water demand for other uses” [58]. Meanwhile, the drying up of wells for 
human consumption is due to the fact that “higher average temperatures in the mountains produce less snow 
accumulation on the high peaks, affecting aquifer recharge in the spring and summer months” [59]. Lower precipitation 
due to the long drought (cf. Center for Climate and Resilience Research, 2015) and greater water demand for agricultural 
uses are the main explanatory factors [58]. 

Forestry corporations present their arguments and evidence that extenuate or disavow their responsibility for the 
water and territorial crisis. They use scientific information to justify their policies and actions in the court of public 
opinion [57–59]. 

3.5. The Perspective of the Municipalities 

According to a Chol-Chol official, the lack of water is associated with the advance of forestry plantations and the 
decrease in native vegetation: “if you talk with an adult, the adult tells you, man, before when I went out to work, I went 
out with a jug and a little flour and went out to work in the countryside, you found water everywhere, you can’t do that 
now”. As a time reference for the forestation process the official states that “we’re talking many years ago, more than 
30, well the previous settlers arrived many years before, but the forestry company got here like 30, 40 years, yeah 40, 
about 40 years ago they got here, then they planted and near the trayenko [waterfall, water that emerges from the earth, 
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or place where two or more streams meet, where prayer ceremonies are held; the vegetation includes herbaceous plants, 
shrubs and ferns], which is what we call it” (E5-CH, 2017). The accounts report a decrease in native forest over the 
years; however, remnants remain in ravines and along stream and river banks, located on forestry company and 
Mapuche properties. 

The advance of forestry plantations, including over land suitable for agriculture, has been an important factor, as 
he states: “they surrounded us and the flat parts that had all been planted with wheat. Now all forestry” (E8-V, 2017). 
Providing more background, he mentions that, years ago, “water was at 2 meters, but now they dug the latest wells for water 
for human consumption in a community, they reached 27 meters in deep wells”. He also says that geological characteristics 
can have an influence, as “with the earthquake more droughts occurred, the groundwater escaped” (E8-V, 2017).  

The overexploitation of APRs is another reason for the lack of water, due to new household connections for families 
that acquire land or are resettled in the area as a result of CONADI purchases. Water demand in some areas (mainly in 
the north of the watershed) has exceeded the supply, and “the well they have isn’t able to supply its own users, there 
will come a moment they won’t be enough for the current user because the share has been decreasing” (E9-P, 2017). 
In this case, he states, the drinking water committee that manages the APR has taken some measures: “now they’re 
buying 5 liters per second, from an irrigation canal”.  

According to an official from the municipality of Temuco, the greater demand for water and APR projects is due 
to the fact that “I don’t know if it is so, so effective, but they’ve bought a lot of land in this area and CONADI has 
brought Mapuche communities from other areas”, adding an interesting perspective, already expressed by other 
interviewees: “one look there, and the committees are always there, I mean, the communities always, it’s something 
that they always have unconsciously now, the forestry companies are the ones stealing the water”.  

In this person’s opinion, it is not only a physical lack of water or technical problems associated with prospecting 
for it, but also that Mapuche people and communities do not have registered rights; that is, they do not have ownership 
of it and control of its use.  

The geographic configuration has been a factor that has influenced public policy results in terms of drinking water 
provision in the Traiguén Commune, explaining: “there are lots of families who don’t see its geographic use, I mean 
they build a house on a hill where they are never going to get water…we, because, because of the geography we have 
more trucks, because of the geographic aspect ONEMI (National Emergency Office) gave us more trucks”.  

Some professionals interviewed hold forestry companies 100% responsible for the lack of water “before 1100 fell 
here and now I think 800, 700 millimeters of water fall”. For this official, there are other social impacts more important 
that the lack of water, related to land sales to forestry companies: “people came to town, bought pick-up trucks, they 
hauled freight, the truck broke down two years later, they begin to ask for welfare benefits, they live on a lot”. 
Furthermore, he adds that there are older people who have not been able to adapt to a new way of life: “there are farmers 
who have committed suicide because they leave about 20 hectares that they lived on, to a 10-by-20-meter lot, the whole 
system changes on them” (E7-NI, 2017).  

His knowledge and experience with Mapuche communities allow him to assert that “I think that where there is a 
problem is when there is a community, let’s say, there are a thousand hectares of communities against ten thousand of 
plantations around them, they’re surrounded, that happens in Lumaco, in other areas, but here fortunately not”.  

4. Discussion 

Between 2007 and 2013, forestry plantations primarily replaced native vegetation rather than agricultural land. 
Sub-basins with extensive forested areas had fewer water rights and lower allocated flows, suggesting groundwater 
depletion due to forestry water demand and changing climate conditions [10,11]. Mapuche community and lonkos 
leaders attribute the water crisis to both climate variability and the expansion of forestry plantations, particularly pine 
and eucalyptus, which consume more water than native forests [60–62]. 

Forestry monocultures are large consumers of water in the Chol-Chol watershed. Plantations established in old-
growth native forests, grasslands, or scrublands consume more water than the native vegetation baseline, reducing water 
production, flows, and surface runoff [60–64]. Meanwhile, species such as Monterrey pine and eucalyptus present 
greater evapotranspiration rates compared to areas in which native forests have been maintained [33,62,65–67]. In 
contrast, the forestry industry attributes water scarcity to climate change and prolonged drought [58,59]. 

Recent research confirms that forestry expansion reduces streamflow, particularly in smaller basins (<50,000 
hectares) [68]. Additionally, overexploitation of groundwater has been identified as a critical anthropogenic threat on a 
global scale [69]. This could be observed in the study area, especially in the southern zone, as it is related to more 
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intensive agricultural land use. Local reports made for the municipalities indicate that rural drinking water infrastructure 
(APRs) is overwhelmed by growing demand, exacerbated by land acquisitions through CONADI, which relocate 
communities to water-scarce areas.  

The study reveals that water consumption from tanker trucks is higher in areas with fewer registered water rights, 
highlighting an unequal distribution of water resources in the Chol-Chol watershed. Despite concentrated water rights 
in agricultural valleys, these areas still require external water supply, indicating inefficiencies in water allocation. Water 
scarcity in the Chol-Chol watershed is driven by a combination of climate variability, land use changes, forestry 
expansion, unequal water rights distribution, and the application of public policies that have negatively impacted rural 
communities. A good example has been CONADI’s land purchases. 

More recent data indicate that the trends towards decreasing precipitation, streamflows and land use change 
continue in the Araucanía region and the Chol-Chol River basin. In the last 70 years, there have been decreases of up 
to 300 mm of precipitation compared to previous decades. In fact, in the period 1931–1960, 1308.4 mm were recorded; 
in the period 1961–1990: 1157.4 mm; and in the period 1991–2020: 1080.8 mm. From 2019 to 2023, rainfall averages 
800 mm per year in the southern sector of the Chol-Chol watershed [70,71]). 

These findings must be aligned with the necessity to incorporate long-range hydrological dependencies in regional 
planning and local policies [69]. 

In recent years, the rate of forestation with exotic plantations has been reduced in the Chol-Chol river basin, 
basically for two reasons: the erosion of soils with forest aptitude (the business of planting is no longer “profitable” in 
soils with low fertility and without government subsidies), in sectors with three or more plantation rotations, and the 
increase in forest fires in the watershed. Both factors, especially fires, have affected biodiversity in fragments or 
remnants of native forest or new growth that still exist in the basin. When native or introduced vegetation cover 
disappears, wind and rain accelerate erosive processes, increasing surface runoff and decreasing water infiltration, 
which is key to recharging underground aquifers [70–72]. 

Between 2018 and 2020, 24,246 ha of forest plantations and 17,753 ha of native forest were burned in the Araucanía 
region. More severe events occurred between 2021 and 2023, with 83,092 and 66,799 hectares, respectively [71]. Some 
of these fires occurred in the Chol-Chol River basin. It should be noted that the annual forestation rate in the Araucanía 
region has been decreasing, from 20,396 hectares in 2011 to 632 hectares in 2021 [71,73–75]. 

The origin of the problem is complex, and one of the main factors has been the application of various governmental 
policies and laws over time that have allowed ancient Mapuche territories to be totally or partially transferred and 
fragmented. The military occupation of the Araucanía, settling on reservations, the division of the Títulos de Merced, 
the privatization of water resources through the Water Code and the enactment of Decree Law 701 on forestry 
development are factors that explain these processes [21]. 

The answer to the initial research question: What are the main variables related to the lack of water in Mapuche 
territory?, confronts us with historical facts and trends that, especially in recent decades, have marked the lives of 
thousands of Mapuche people in the study area and the Araucanía Region. There is less land to work and a lack of water 
for domestic, productive, and sociocultural use. In this sense, Bengoa states that during the last 100 years, the Mapuche 
population that lives in agriculture has remained constant. The land (water) limitations and various modernization 
processes have led the surplus population to migrate. In the countryside, the number that has remained is relatively 
stable [12]. The current processes in the Chol-Chol River watershed confirm the assessment of this author: land and water do 
not allow the demographic productive and sociocultural dynamics of the Mapuche people to be sustained.  

Mapuche speaks of resistance to the onslaughts of neoliberalism, and many of their actions are based on a popular 
environmentalist approach, traditional knowledge, and scientific arguments, particularly those related to the impacts 
that forestry plantations have on their land. This knowledge is also used by the government and interested groups, which 
extract arguments from it to back their actions and continuous development processes, particularly those related to the 
sustainability of the forestry sector [76,77]. 

5. Conclusions 

A group of three models with the best goodness of fit (statistically significant) was identified (For2013; Renob2013 
and Agro2013). These models are related to replacing native forests with forest plantation (monoculture) and 
overexploitation of groundwater for irrigation.  

A series of relationships and models suggest that water scarcity depends on land-use changes, with the latter linked 
to agriculture and forestry monocultures. According to the analyzed data, field observations, and interviews, in sub-
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watersheds with larger areas that underwent land-use changes between 2007 and 2013, there was a greater decrease of 
young native forest cover. In these zones, it is common that when clearing land for forestation, native vegetation is 
eliminated, the first process in the land-use change sequence. Thus, the vegetation on a farm is replaced by forestry 
plantations, decreasing the amount of arable land for agriculture in sectors with a significant Mapuche population. 

The lack of water in the Chol-Chol River basin, especially in the northern part, is chronic, and the water emergency 
conditions are ongoing. The consumption levels of the population are beneath WHO standards. Emergency decrees 
have been declared in areas with chronic water shortages, like the Chol-Chol watershed, with measures such as drinking 
water distribution by tanker trucks, for over fifteen years. At the same time, water rights continue to be established and 
concentrated among mid-sized agricultural properties and forestry companies, increasingly limiting access by Mapuche 
people and communities, all under the Chilean Constitution of 1980 and the Water Code of 1981 [56]. 

Faced with critical, changing, and uncertain scenarios, the inhabitants of the Cho-Chol River basin have readjusted 
their strategies, modifying practices and their ways of life, including secure access to water in their demands [78] and 
migration towards the sector of the basin that have water sources, such as the APRs. Empirical knowledge of the basin, 
formalized through statistical and ethnographic analysis, suggests that the forcings are climatic and related to public 
policies and water, land, and forest overexploitation [79].  

The accounts and testimonies are an important primary source of information that complements the numerical 
results and orientation for future hypotheses and work scales. The perceptions arise from the realities and experiences 
of the different actors, revealing elements of identity that give them shape and content, especially for the Mapuche, with 
forest, life, water, menoko, and trayenko being some of the categories mentioned. The perceptions of the different 
ngenko, the spiritual guardians or owners of water, are part of the accounts of the interviewed lonkos, as has been 
reported in other research [80].  

The results of this study contribute to the current debate on territorial and socioecological processes that, at different 
scales and in diverse economic and cultural contexts, shape the lives and survival strategies of millions of people and 
communities. From this perspective, a challenge is the formulation of more specific research hypotheses, as well as the 
selection of variables that include the territorial diversity of the studied problems, considering in their formulation 
scientific methods and local knowledge acquired through the customs and daily practices of people and communities.  

An important innovation of this work has been the realization and discussion of the interviewees’ perceptions, 
showing different perspectives on a common problem; water scarcity. Statistical analysis helps formalize perceptions 
based on real-life situations experienced by the interviewees, which originate in cultural aspects that identify them 
(Mapuche lonkos), technical aspects (local planners), and economic aspects (forestry companies). 

The perceptions of the interviewees are clearly different. We believe the opinions of the interviewees differ because 
they reflect diverse life experiences based on different worldviews. The solution to the problem is not only technical 
but primarily cultural. Planning and management of “water scarcity” in the Chol-Chol River basin must integrate these 
perspectives and consider that water is not just a consumer economic good or a raw material; it is a human right and a 
basic element in the worldview of an indigenous people. A group of 21 Mapuche communities has recently been formed 
in the basin to develop a water management plan with local, technical, and scientific support. This document will be 
presented to local and regional authorities. 
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