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Introduction 

For the SERIDAS project, the semiarid Central Chilean region was selected as its water bodies are highly 
modified to irrigate intensive agriculture and water resources availability is expected to decrease due 
to climate change triggered temperature rise and seasonal precipitation shifts. The drought prone 
agricultural areas are supplied with water from mountainous headwater catchments. Stream runoff in 
Central Chile mainly consists of snow melt, ablation of glaciers and rock glaciers and other melting 
permafrost and ground ice (Arenson&Jakob 2010) which are especially vulnerable to climatic changes 
(Barnet et al., 2005; Bates et al., 2008).   

The following figure shows the Central Chilean semiarid catchments from Copiapo, Huasco, Elqui, 
Limarí, Choapa, Petorca-La Ligua, Aconcagua and Maipo and their snow cover after a wet winter year 
2002 and a dry year 2006 respectively: 

 

Figure 1: Snow cover in a dry and in a wet year in Central Chile 

The Limarí River basin was selected as an example to describe the regional characteristics:  



 

1. Physical and human geography 

1.1 River and tributaries 

The Limarí River is formed by the confluence of the Grande and Hurtado rivers. The Grande River drains 
the central parts of the basin (Commune of Monte Patria), whereas the Hurtado drains the northern 
part (Commune of Hurtado). Both rivers originate in the Andean Cordillera, with headwaters at  4,500 
m.a.s.l., thus snowfall makes an important contribution to their discharge. The Hurtado River does not 
have any important tributaries, and its course is intercepted by the Recoleta dam. The Grande River 
presents some tributaries of relative importance, such as the Rapel, Mostazal and Guatulame rivers. 
The discharges of the latter are regulated by the Cogotí reservoir. The La Paloma dam is located at the 
confluence of the Guatulame and the Grande rivers. The Grande and Hurtado rivers merge about 4 km 
upstream from Ovalle, the catchment’s main city. From this point, the river is called Limarí and runs 60 
km until reaching the Pacific Ocean at Punta Limarí. Two tributaries of little importance in terms of 
discharge but of relevance in terms of water quality join the Limarí River between Ovalle and the river 
mouth: El Ingenio and Punitaqui creeks. Both of them originate in the Coastal Cordillera, mainly as a 
result of rainfall. Although their spatial and temporal variability is high, the average discharge of the 
Grande, Hurtado, and Limarí rivers is ca. 3.9, 1.2, and 2.3 m3/s, respectively (Kretschmer et al, 2012). 

The following map shows the main river courses, reservoirs and the agricultural area: 

 

Figure 2: The Limarí river basin: hydrology, topography  

  



1.2 Aquifers 

Groundwater is present in a gravel-sand dominated aquifer formed by shallow sediments of the flood 
plains of valleys between Ovalle downstream along the Limarí and Punitaqui to the coast as well as 
other valleys further upstream along the rivers Hurtado, Mostazal and Huatulame. In general, the 
groundwater level in these shallow aquifers is below 10m (INIA, 2007). Groundwater pumping, illegal 
drilling of boreholes and resulting overexploitation for irrigation security is an increasing problem.   

1.3 Population 

One pressure on the natural resources of the Limarí Basin, is related to its demographic dynamics. 
According to previous and actual data of INE, in the last 20 years the Limarí province has reached a 
population growth of 15.1% (CEAZA, 2005, updated with data census data of 2012), increasing from 
140 to 163 thousand inhabitants. The tendency of population dynamics at the communal level keeps 
similar as analyzed in the previous stated study. There is an increase of population in the communes of 
Ovalle (23.7%), Monte Patria (5%) and Punitaqui (16.4%), while the communes of Hurtado and 
Combarbaláa show a decreasing population tendency (19.5% and 4.2% respectively). 

The migratory displacements of the population, which are associated mainly to negative 
environmental situation, are developed fundamentally in the interior of the respective communes; 
dynamics that is decreasing if they consider displacements towards another commune of the province 
of Limarí, to another province of the Region of Coquimbo or to another region of the country (CEAZA, 
2005).  

Table 1: Comparison of the Census (including the preliminary results from the census of 2012) 

County 
(Commune) 

Census 
1992 

Census 
2002 

Census 
2012 
(preliminary) 

Variation 
between 
1992/2002 

Variation 
between 
2002/2012 

Variation 
between 
1992/2012 

Ovalle 84,787 98,368 104,855 16.0% 6.6% 23.7% 
Combarbalá 14,391 13,531 13,785 -6.0% 1.9% -4.2% 
Monte 
Patria 28,549 30,247 29,983 5.9% -0.9% 5.0% 
Punitaqui 8,793 9,553 10,236 8.6% 7.1% 16.4% 
Rio Hurtado 5,133 4,770 4,132 -7.1% -13.4% -19.5% 
Limarí total 141,653 156,469 162,991 10.5% 4.2% 15.1% 

 



The distribution of population densities are illustrated in the following map: 

 

Figure 3: Location of the Limarí basin and its communes, population density and most important river gauging 
stations of each commune, as well as irrigated areas (Source: Kretschmer et al, 2012) 

  



1.4 Land Use 

The dominant vegetation is “Matorral”, dry steppe, mainly consisting of bushes of sparse distribution 
on bare ground. Agriculture is found mainly in the valleys and flood plains of the lower areas. 

 

Figure 4:  Land use (Source: elaborated out of digital data from CONAF for the region)  

The brown surface is “Matorral con Suculentas”, a sparse shrub vegetation with cacti on bare ground, 
which can be referred to as steppe. The light green corresponds to agricultural land, the white is arid 
mountainous “Matorral”, sparse bush vegetation, while the grey surface corresponds to rocks without 
vegetation. 

  



Fehler! Verweisquelle konnte nicht gefunden werden. shows the different land uses in the river 
basin: 

Table 2: Land cover in the Limarí basin according the Natural Forest inventory CONAF-CONAMA (Source: Oyarzún 
2010) 

Limarí basin Land cover Surface in hectares Land use in % 

1,176.000 hectares 

11,760 km² 

Grassland 93 0.01 

Agricultural land and 
irrigated area 

80,011 7 

Forest plantations 0 0 

Urban and industrial area 396 0.03 

Industrial mining area 156 0 

Natural forest 115 0,01 

Other uses as 
steppe/matorral, shifting 
matorral/ water bodies 

883,777 75 

Areas without vegetation 215,608 18 

 

1.5 Economy 

Agriculture is of major economic importance in the Coquimbo Region. The region has about 75,700 ha 
of irrigated crops (INE, 2007). Within the Coquimbo Region, the Limarí basin is the most important 
agricultural area. The Limarí Basin represents 33 % of the surface of the Region of Coquimbo (about 1,3 
million hectares), 42 % of the regional agricultural surface and 70 % of the regional exports. Analyzing 
the agricultural census of 2007, the irrigated area of the Limarí province results to be 41,760.44 ha.  

In the province of the Limarí the industrial activity is of minor importance, and mainly associated with 
Pisco companies. The mining activity is disperse, and just the mining plant of Panulcillo due to its 
magnitude sticks out, but even here just with marginal production within the region.  

 

2. Hydrology 

2.1 Groundwater 

Groundwater is present in a gravel-sand dominated aquifer formed by shallow sediments of the flood 
plains of valleys between Ovalle downstream along the Limarí and Punitaqui to the coast as well as 
other valleys further upstream along the rivers Hurtado, Mostazal and Huatulame. In general, the 
groundwater level in these shallow aquifers is below 10m (INIA, 2007). 

Further groundwater is found in fractured rock aquifers corresponding to both granitic batholiths and 
volcanic and sedimentary beds especially upstream in the cordillera (Strauch et al., 2009). The 
contribution of these rock aquifers to the surface runoff is difficult to quantify which represents a major 
challenge to hydrological modelling.  



Strauch et. al. (2009) analyzed ²H-18O relations of river water and groundwater of the Limarí catchment 
to investigate the behavior and origin of river waters. They found that the groundwater from several 
production wells in the lower parts of the Limarí is related to the surrounding river water but it can be 
differentiated. They implemented an isotope mixing model to estimate the interaction between 
surface and subsurface flows and river flow (Strauch et al., 2009). 

They found that the isotopic signature of the groundwater in Ovalle has a similar isotopic composition 
to the lake water of the dams. Therefore, they suggest that groundwater is a mixture of base flow from 
the corresponding rivers and of bank filtrate from the reservoirs (Strauch et al., 2009). 

2.2 Engineering projects 

The Limarí basin is the most engineered in Chile by the “La Paloma Irrigation System”. This technical 
and social system of water allocation is in operation since 1972. It is composed by three reservoirs, 
storing together 1,000 MCM, and the associated channel network, which sums up to about 700km.  

The three reservoirs in the Limarí are: La Paloma (capacity of 750 MCM), Recoleta (100 MCM) and 
Cogotí (150 MCM) (compare Figure 2). The system was designed originally to increase irrigation 
security for up to three years. 

All three reservoirs of the La Paloma system were built as single purpose irrigation reservoir, just for 
irrigation purpose and thus for consumptive use.  

The following figure shows the reservoir volume decrease of the last 5 years. Until 2013, the storage 
could cover the water demand of the permanent crops. In 2014, however, there is no more water 
available.  

 

Figure 5: Decreasing water volume (in%) storage in the three main reservoirs of the system since 2008 
(Kretschmer, 2013, source DGA) 

  

0.00%

20.00%

40.00%

60.00%

80.00%

100.00%

120.00%

no
v-

08
de

c-
08

en
e-

09
fe

b-
09

m
ar

-0
9

ab
r-

09
m

ay
-0

9
ju

n-
09

ju
l-0

9
ag

o-
09

se
p-

09
oc

t-
09

no
v-

09
di

c-
09

en
e -

10
fe

b-
10

m
ar

-1
0

ab
r-

10
m

ay
-1

0
ju

n-
10

ju
l-1

0
ag

o-
10

se
p-

10
oc

t-
10

no
v-

10
di

c-
10

en
e-

11
fe

b-
11

m
ar

-1
1

ap
r -

11
m

ay
-1

1
ju

n-
11

ju
l-1

1
au

g-
11

se
p-

11
oc

t-
11

no
v-

11
de

c-
11

en
e-

12
fe

b-
12

m
ar

-1
2

ap
r-

12
m

ay
-1

2
ju

n-
12

ju
l-1

2
au

g-
12

se
p-

12
oc

t-
12

no
v-

12
de

c-
12

en
e-

13
fe

b-
13

St
or

ed
 V

ol
um

e 
[%

]

Stored Volume in % (development 2008-2013)

Recoleta

La Paloma

Cogoti



2.3 Planned projects 

There is a high demand for new irrigation reservoirs. They are seen as the solution to develop poorer 
areas as well as to mitigate the water scarce years. In 2012, the Ministry of Agriculture signed the 
contract with an association of farmers in the commune of Combarbalá, for one reservoir to get built: 
the reservoir “Valle Hermoso”, in the Pama river catchment (http://www.minagri.gov.cl/minagri-mop-y-
regantes-del-rio-pama-firman-acuerdo-para-construccion-de-embalse-valle-hermoso/). 

The volume is planned with 20 MCM and the main objective is to augment the actual 110ha to 1.500 
ha with 85% irrigation security, and additionally to secure the rural potable water supply of 17 APR 
(Agua potable rural). They are serving around 2670 people (information Ministry of Agriculture). 

Furthermore, there are various studies concerning new reservoirs in different stages in the upper part 
of the basin. One is the catchment of the Combarbala river with the reservoir “Murallas Viejas” (planned 
so far with 50 MCM) and the reservoir “La Tranca“ in the Cogotí river (planned so far with 50 MMC). 

 

Figure 6: Location of the planned reservoir in the Commune of Combarbalá (unpublished report of MV). 

Besides, there are discussions and preliminary studies for a reservoir in the Rapel river. 

  

http://www.minagri.gov.cl/minagri-mop-y-regantes-del-rio-pama-firman-acuerdo-para-construccion-de-embalse-valle-hermoso/
http://www.minagri.gov.cl/minagri-mop-y-regantes-del-rio-pama-firman-acuerdo-para-construccion-de-embalse-valle-hermoso/


3 Water supply and demand 

3.1 Agriculture, cities and industry 

Water supply and demand is mainly driven by agriculture; the irrigation period starts in September and 
ends in general at the end of April, the demands are highest in the summer months when evaporation 
is highest, too. Depending on the crop and location this can be between November and January.  

Most recent demand data were obtained from the DGA and are illustrated in the following figure. 
Looking at the diagram one can see that the agricultural use (depicted in light green) prevails in the 
IVth region and is furthermore the highest compared to whole Chile.  

 

Figure 7: Distribution of water demand of the different regions of Chile; Limarí is in the IVth region  (Source: DGA, 
2011) 

Furthermore, it can be seen that in general industrial demand is very low, potable and mining demand 
(here separated from other industrial need) are almost the same with around 5% and about 76% is 
required for agricultural use.  

The demand for hydroelectric energy is a bit less than 5%. Here the main part is used in the Limarí 
basin (but this is non-consumptive use), from two small hydro power plants. 

Water uses as being shown are mainly for agriculture purposes; it is allocated according to water 
rights.  

The net demand which is allocated in the basin (corresponding to 1997) is 724 MCM/year, where it is 
estimated to assign in average for one water right 1l/sec per ha for a farmer. Taking into consideration 
that in the future the irrigation efficiency in the most productive areas (orchards and pisco grapes) 
increases it can be estimated for 2017 that the demand reaches about 747 MCM / year (DGA 2005; 
Espinosa et al. 2011). 



3.1.1 Water uses in the Mining Industry 

 
The following table summarizes the details of the different sites. Out of 23 mining sites in the region of 
Coquimbo, six are located in the Limarí Province, where three are copper sites and one iron (metallic 
minerals), furthermore there are rocks and industrial minerals; here: Lapis lazuli (temporary closed) and 
Calcium Carbonate. 
 

Table 3: Description of principle sites in exploitation in the Limari province (Source: Sernagenomin, 2012] 

ID Name of the company, 
Comune 

Name of the 
installation 
(plant) 

Material 
exploited  

UTM North UTM East 

9 Minerales del Sur S.A., 
Punitaqui 

Mina los Mantos Copper 6.584.200 286.950 

10 Cia. Explotadora de Minas 
Cemin, Monte Patria 

Mina Los Pingos Copper 6.581.500 350.100 

11 Cia. Mra. Domino Trucco, 
Punitaqui 

La Poderosa Calcium 
Carbonate 

6.565.000 265.000 

13 Flor de Los Andes S.A., 
Monte Patria  

Flor de Los 
Andes 

Lapiz lazuli 6.542.200 354.100 

22 Minera Altos de Punitaqui, 
Punitaqui 

Cinabrio Copper 6.588.735 288.540 

22 Cia. Minerial Tierra Del 
Fuego, Ovalle 

El Dorado Iron 6.617.500 286.500 

 

Besides this recent information of 2012, there are new mining projects on the way, information had 
been gotten out of press information of the region (see links in Literature chapter). 

Furthermore, there is an important mining plant to mention, since it has still an influence on the 
management, especially on water quality, the Panulcillo plant, also known as “La cocinera”. It has been 
property of ENAMI (state-owned mining company) since 1982, which means that it was minimum 28 
years in function. It processed minerals which were bought from small and medium mines. Its location 
was just before entering at the city Ovalle and next to the Ingenio creek and therefore contamination 
there and further downstream in the Limarí River are being still detected. The plant was closed in 2010, 
and replaced with the new opening of the Delta plant of ENAMI (ENAMI, Planta Delta), which is also 
located in Ovalle province but more or less 10 km before reaching Ovalle coming from La Serena. Due 
to ENAMI the plant provoked for years environmental problems for the city of Ovalle (ENAMI, 2009). 
The Delta plant benefits today about 328 mining producers in the area (Mineria chilena, 2012).  

3.1.1 Drinking Water  

Potable water provider can be distinguished in urban and rural areas. The private company Agua del 
Valle, provides the region with potable water in the urban or semi-urban areas, whereas the so called 
APRs (Agua Potable Rural) have been emerged out of the habitants of the rural area, to provide their 
sectors with potable water supply. The more recent information which could be received in time was 
the number of APR and their location with date of Nov. 2012. The details about water rights (l/sec) 
have to be consulted by the DOH or DGA, until the end of the report these information could not be 
accessed.  



The information which was provided summed up to 73 APR in the basin, from which for 63 locations 
UTM coordinates were given and are shown in the following Figure 14. Since most of the locations are 
the locations of the wells which provide them with groundwater, they are almost all next to the rivers, 
since the aquifers in the basin in general have an interaction with the rivers.  

 

Figure 8: Location of the rural potable water provider (APR: Agua potable rural) in the Limarí basin (Source: 
elaborated out of data acquired from DOH, 2012) 

Even though the spatial distribution looks already quite good not all areas until now are covered 
because for example sometimes one APR serves just 50 families. The areas which are not covered are 
served by the regional company “Aguas del Valle” through water delivery by trucks. During the last 
month of the drought period (end of 2012/ beginning of 2013) especially the Commune of 
Combarbalá started suffering water shortage in potable water supply, which was getting on a peak of 
getting less than 50% of the normal water allocation in Februray 2013, here especially through water 
delivery by trucks (Semanario el Tiempo: Feb. 2013). 

3.2 Environment 

Two conservation areas are located in the Limarí province, one national park and one natural 
monument. The national park “Bosques de Fray Jorge“ is situated in the commune of Ovalle in the 
lower part of the basin. It has a surface of 9,959 ha and is being conserved since 1941. The natural 
monument “San Pedro de Pichasca” located in the commune of Río Hurtado, with a surface of 128 ha, 
is being conserved since 1972.  

Both sides are also the only ones which are named in a more recently published book defining priority 
sides for conservation (Squeo et al, 2001). In this study two more sites are mentioned ” El Durazno”, in 
Combarbalá and “Cuesta El Espino”, without providing detailed information. Compare Fig 7 for the 
location of these areas. 

  



3.3 Hydropower 

In the main Paloma reservoir in July 2010 a small hydro power plant was constructed, run-of-river 
installation, but with storage. There is no conflict with irrigation as only the water which is released for 
irrigation purposes is used beforehand. The plant consists of two turbines and an installation capacity 
of 4.5 MW, with a designed discharge of 12 m3/s and an average energy production of 19.000.000 
Kw/h. Currently it is not operating due to water scarcity. 

Furthermore, there is a small hydropower plant in the river Los Molles, which is in place since 1952 
(Central Los Molles, 1952) with a capacity of 16.000 kW. Thus, it is categorized as small hydropower 
plant (100kW-30MW). 

 

4. Governance 

4.1 Water Policies 

In 1999, the DGA elaborated a National Water Resources Policy (Política Nacional de Recursos Hídricos) 
which included the following general objectives: (a) To ensure an adequate water supply to meet the 
basic needs of the population; (b) To improve water use efficiency at the watershed level within a 
framework of economic feasibility, considering that water is a scarce good in a large part of the 
country; (c) To focus delivery of the water resource on those demands that present the greatest 
economic, social and environmental benefit for the country; (d) To maximise the contribution of water 
resources to the country’s growth through the development of unused sources and reuse; (e) To 
decrease the impact of hydrological variability on the country’s activities; (f) To recover the existing 
environmental liability and to ensure the development of water resources without incurring 
environmental deterioration; (g) To minimise the level of water-related conflicts and thus to contribute 
to social peace. 

One of the most important advances that have been introduced with the Law of Associations of 
“Canalistas” of 1908 was to grant juridical personality to the water communities and to establish a 
practical way of linkage between the water rights of every associate. Thus they gave birth to the 
"irrigator (Regador)" like unit of measurement corresponding to the water quantity that a worker could 
handle to carry out the irrigation. In turn the law of Associations of “Canalistas” determined that 
Irrigator would correspond to aliquot parts of the water of the aqueduct, being another measurement 
unit able to be specified in the statute (Alvarez P, 2005 in Oyarzun R. et al, 2011). 

Later the Code of 1951 added other forms of organization named like water Communities 
(Comunidades de Agua) and Associations of Rivers (Juntas de Vigilanica), institutions that still persist in 
the current Code. In any case it is important to mention that the current Code allows the persons who 
possibly could constitute a users' organization to be able to organize themselves like a Society of any 
type (Alvarez P, 2005 in Oyarzun R. et al, 2011). 

The title III raises that “if two or more people have the water rights of the same channel or reservoir […] 
they will be able to regulate the community resulting out of this, be constituted in association of 
“canalistas” or any type of society, in order to take the waters of the main channel and distribute it 
between the water right holders […]. In case of natural river beds they will be able to organize 
themselves as, “Junta de Vigilancia”. Afterwards it is stated that as soon as they are registered in the 



records of the DGA (Water agency in Chile) they are accepted as organized. After the register holds the 
statute of the above mentioned community it can be inscribed (Alvarez 2005 in Oyarzun R. et al, 2011). 

The water management in Chile and its effects represent an extreme case of management of a scarce 
natural resource in an economic context and a neo-liberal political framework. The water code of 1981 
(Codigo de agua) stipulates that water is a national resource for private use and allows private 
transferable property rights for water use (Alvarez et al, 2006). 

In more detail the article I of the water law of 1981 divides the terrestrial waters in superficial and 
groundwater. It is important to comprehend that the intention of the water law to separate conceptual 
surface and groundwater in order to create later different kind of water rights for each of them. In 
general, the owners of groundwater rights operate individually as mentioned before, while those of 
surface water form users' associations (Alvarez y Oyarún, 2006).  

Article VII establishes that the enrolled water rights can independently be mortgaged from the land 
area to which his owner will have them assigned to. This means that once obtained, the location of a 
water right can be managed separately to the property of land initially assigned, according to different 
arbitrary criteria (Alvarez et al, 2006). 

With regard to ownership and use of the water, the article II of the water law establishes clearly that 
“the water is national good of public use and the right of use is granted to the individuals; after the 
surface water enters a channel, its character changes from a national good of public use to a temporary 
property of the owners of the right using the channel systems. During this time they are able to retain 
it. 

The water code was modified and advanced constantly. A large modification of the “Código de Aguas” 
took place in 2005 through the law Nº 20.017, which affected mainly the rights of exploitation1. In 2006 
it was modified again by the law Nº 20.099 which extended the deadline for regulating the right of 
exploitation of groundwater by one year and introduced other modifications to the law Nº 20.017. In 
2008 another modification through the law Nº 20.304 was introduces; it’s about the operation of the 
reservoirs in the case of alerts and floodwater-emergencies and other risk indicators. The last up to 
date modification took place in 2010 by the law Nº 20.417 and implicated the creation of the ministry 
of environment, the environment evaluation service and the environment supervisory authority 
(Internal report: Kretschmer/Wendt 2011). 

  

1 Law Nº 20.411 of 2009 prohibits the constitution of rights of water exploitation in certain zones or areas by virtue of Art. 4° transitional of 
law N° 20.017 of 2005. 

                                                             



4.2 Institutions 

In the following table the stakeholder apart of the private farmer organizations are listed, which also 
represent the institutional capacity concerning IWRM in the basin. 

Table 4: Institutional capacity concerning IWRM (Source: elaborated out of different sources: Kretschmer/Wendt, 
2011, Internet Sources) 

Institution Mission/ Idea2 Function 
DGA 
(General 
Water 
Directorate) 

State organization encouraged 
to advance the sustainable 
management and 
administration of the water 
resources, as a public interest 
and a efficient allocation; 
publish and care for the 
information generated through 
its hydrometric net and the data 
content in the public water 
cadastre, with the aim to 
contribute the competitiveness 
of the country and improve life 
quality of the persons 

- Arrange the development of the water resources in the natural 
sources, with the goal to formulate recommendations for its 
exploitation. 

- Constitute rights of water exploitation  
- investigate and measure the resources 
- maintains and operates the national hydrometric service, 

obtain and publish the corresponding information. 
- control the compliance of police and supervising laboratory of 

water in the natural riverbeds under public use and prohibit 
construction in the riverbed which are built without  
permission of the authority 

- Supervises the operation of the river and canal associations 
(Juntas de Vigilancia), in accordance to the device in the 
“Código de Aguas”. 

SISS 
(supervisory 
of sanitary 
services) 

Participates in the 
establishment of norms and 
standards in its sphere of 
competence, and attends to the 
spread of information about the 
market referring to the national 
sanitary sector. 

- regulation of the tariffs for the service of potable water and 
canalization of sewage water, which are provided by the 
sanitary companies 

- the authorization of concessions for sanitary services 
- supervising of the sanitary companies, partly referring to the 

quality of the provided service 
- Supervision of the industrial establishments which generate 

industrial liquid residues. 

Aguas del 
Valle 
(private) 

Sanitary company of the region 
of Coquimbo 

- has the concession to distribute potable water and recollect 
the served water in the concession area (the whole Limarí 
basin, except the commune of Río Hurtado) 

APR 
Comités de 
Agua 
Potable 
Rural 

Private organisations in the rural 
areas which are providing 
access to potable water  

- rural sectors organize themselves to form an APR and get 
capacitation of the provinal gpvernment to manage the water 
in their sectors, which includes construct an dmaintain the 
necessary structures, and administration of all users;  as source 
they use normally groundwater 

CNR 
(Comisión 
Nacional de 
Riego) 

Creation of the National 
Commission of Irrigation (CNR) 
in 1975, in order to constitute a 
public entity entrusted to 
coordinate the efforts and to 
supervise the investments in 
irrigation in the country. 
Additionally, in the year 1985 
the administration of the Law 
18.4503 (last version of 2009) 
was incorporated inside its 
functions: Promotion of 
Investment to small Irrigation 
and Drainage works. 

- They are in charge to coordinate, implement and evaluate 
permanent the National Politics of Irrigtaion by means of plans 
and programs that allow to improve and increase the surface of 
irrigation of the country, across initiatives of investment that 
optimize the use of the water resource in the agriculture. 

- One of the main functions of the CNR is to strengthen the 
management of the organizations of farmers, with the 
objective, to promote the water market and the efficient use of 
the water resource 4 

 DOH 
(Dirección 

State division for water Works 
(part of the Ministry for public 

- Responsible for studies, future projection, construction, 
reparations and the development of hydraulic works that are 

2 Information found on www.dga.cl, www.siss.cl and www.aguasdelvalle.cl. 
3 More: http://www3.cnr.cl/opensite_20041126124214.aspx 
4 http://www.minagri.gov.cl/institucion/servicios-del-agro/cnr/ 
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de Obras 
Hidráulicas) 

construction: Ministeri de Obras 
Publicas) 

realized by public funds (works of irrigation and certain 
channels in urban areas, drainage and water collection 
structures, works of sanitation and recovery of areas).  

- Responsible also for the development of the Master Plans, 
which define systems of evacuation of rainwater in urban 
centers. 

SAG 
(Servicio 
Agrícola y 
Ganadero: 
Service for 
Agro(forestr
y) and 
pecuario)  

Its objective is to develop the 
industry in Chile by means of 
the protection of its productive 
resources. 

- Responsible of the control of contamination by the industrial 
and mining activities and the discharge of the treatment 
plants.  

- Pursuit of the agricultural practices since the companies that 
commercialize phytosanitary products must declare to them 
their sales (but this isn’t applied to the fertilizers).  

- It has a network of control of the water quality to evaluate the 
impact of human activities (mining, industry, treatment plants). 
The SAG can control for exceeding the norms, but the totals of 
the fines are too low to be effective. 

INIA 
INDAP 

Instituto de Investigación 
Agropecuarias 
Instituto de Desarrollo 
Agropecuario 

- Organization of capacitating measures to farmers and they are  
- entrusted of research programs and/or transference of 

technologies with regard to the irrigation. 

 

4.3 Key decisions 

Environmental guidelines: 

Two types of environmental guidelines (standards) exist in Chile: the primary Guideline of water 
quality and the secondary guideline of water quality. The first mentioned one has as a target to protect 
the health of the population and is being applied in the whole country equally. The second seeks to 
protect the natural resources and others such like cultivation, ecosystems, and species of flora or fauna, 
national monuments or places with archaeological value. The environmental quality norms are the 
following ones: 

• DS 145/02 or primary guideline of environmental quality to protect uses in continental waters, 
takes as a target to protect the health of the population and it will be applied in the whole country 
equally (still in elaboration: Bernardin (2009), no actualization found in 2013).  

• Secondary environmental quality guideline for superficial and marine continental waters. Targets 
of specific background qualities to the catchments of the country are defined to protect the water 
resources and aquatic medium. The program started in December, 2004, when the Guideline of 
CONAMA (CONAMA, 2004) with the same name was published. This guideline had the objective to 
serve as a technical background, for the elaboration and homogenization of the secondary norms 
of water quality for all the basins in the country. Four classes of environmental quality are defined: 
• Exceptional: It indicates a water of better quality than the Class 1, which for its extraordinary 

purity and scarcity, forms part of the environmental patrimony of the Republic. This quality is 
adapted also for the conservation of the aquatic communities and other defined uses which 
quality requests are lower than this Class. 

• Class 1: Very good quality. It indicates adequate water for the protection and conservation of 
the aquatic communities, for the irrigation without restriction and for the uses defined in the 
Classes 2 and 3. 

• Class 2: Good quality. It indicates adequate water for the development of aquaculture, of sports 
and recreational fishing, and for the uses understood in the Class 3. 



• Class 3: Regular quality. It indicates adequate water for animals and for restricted irrigation. 

If the water is classified as one of the before mentioned four quality classes it is appropriate for potable 
water supply after possible treatment (depending on the class).  

Water, that exceeds the limits established for the Class 3, will indicate a water of bad quality (Class 4), in 
general not adapted for the conservation of the aquatic communities and only for potable water 
supply if necessary treatment is carried out (CONAMA, 2004).  

Main Chilean guidelines concerning water quality: 

• The “Norma Chilena NCh 1.333” with requisites of water quality for different uses of 1978, 
modified in 1987. It specifies extreme values of several parameters for water destined for 
potable water and for animals (references to the Chilean Guideline NCh 409 of drinking water), 
for irrigation purposes, water for aquatic life, water for recreational use with or without direct 
contact, and for the esthetic value.  

It is the guideline of reference to irrigation water, and the guideline which is used to analyze 
the quality of the water in a catchment.  

• The guidelines of emission (supreme decrees) that regulate the discharges of liquid effluent 
to water bodies.   

a) The DS 90/2001 for the regulation of pollutants associated with the discharges of liquid 
residues in superficial marine and continental waters;  
b) The DS 601/2004 and DS 3592/2000 that modify the DS 609/98 MOP for the regulation of 
pollutants associated with the discharges of liquid industrial residues to sewerage systems;  
c) The DS 46/2003 on the emission of liquid residues to groundwater. 

The compliance with that decree should be controlled by the SISS. Additionally a decree Nº 143 of the 
year 2009 was introduced, which sets up norms for prime quality of continental surface water that is 
adapted for recreation activities with direct contact.  
Further, the transparency regarding the operative model for water allocation and distribution, 
considering the rights to be served and the available water stored, should go beyond the organization 
and reach the individual water right users and owners. This will require the establishment and 
development of an integrated protocol for the system. 

5. Problems/challenges 

5.1 Water quality and bio diversity 

The growth of the area conjugates to challenges of environmental, economic and social nature. 
Environmentally, the sector of Agroforestry (Spanish: silvoagropecuario) of the province is strongly 
influenced by the vine monoculture, using inputs that are absorbed from the environment temporary 
and/or permanently. In this way, the biodiversity of flora and fauna is diminished by agriculture in a 
direct way and simultaneously threatened by the presence of agricultural residues in the physical 
environment (DGA, 2009). 

The historical tendencies of the quality parameters demonstrate tendencies in increase in the low part 
of the basin where the problems of salinity are observed. The levels of the parameters of salinity in the 
lower part are deteriorating since 1985. An increase of the pH was observed also in almost the whole 



basin (Meza F., 2009). Unfortunately, rarely historical and also actual information exist on the quantities 
of insecticides used in the area, but the measurements in the surface waters did not demonstrate 
presence of pesticides, except Methamidophos in very low concentrations (SAG, 2007). 

5.2 Climate change predictions 

It is widely recognized that anthropogenic CO2 emissions will bring major changes to the world´s 
climate system as described in the last IPCC report in 2007. Christensen et al. (2007) report a 
temperature increase for Southern South America between 1.7 and 3.9 °C, with a median value of 2.5°C 
compared to the 1980-1990 baseline and  significant precipitation decrease (Christensen et al., 2007). 
Also regarding future flow estimations, projections of Atmosphere-Ocean General Circulation Model 
(AOGCM) ensembles suggest reduced flow regimes in Chile over the next 50-100 years under climate 
change forcing (Milly et al., 2005). These changes in flow regimes might have a severe impact on the 
local population in the whole arid and semiarid zones of South America (Sivakumar et al., 2005). 

The dependency on the Andean cryosphere and melting water in springtime for irrigation water 
supply makes Central Chile and its population extremely vulnerable to Climate Change impacts 
(Barnett et al., 2005).  

Souvignet et al (2010) point out that enhanced snow and glacier melt due to increasing temperatures 
in the short term will accelerate runoff in spring time. This means that during the next decade 
significant water amounts are expected to fill the reservoirs and hence be available for irrigation. In the 
long run, however, reduced precipitation and snow cover on the one hand and increasing 
temperatures on the other are expected to make glaciers and rock glaciers melt away completely, 
produce significantly less runoff and hence provide less water for irrigation (Souvignet et al., 2010; 
Vicuña et al., 2010). These changes in flow regimes would severely affect the agricultural productivity, 
reduce socioeconomic development and lead to increased drought events in the region. Young et al. 
(2010) also suggest that soil sealing during extremely dry periods will increase the flood risk caused by 
higher precipitation events in winter (Young et al., 2010).  
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