
JULY 2019
R: 19-07-A

LEAD AUTHOR
ANDREA E. BECERRA

COAUTHORS
JORDAN HARRIS, CAROLINA HERRERA, PÍA HEVIA, AMANDA MAXWELL

A NEW COURSE:
MANAGING DROUGHT AND DOWNPOURS IN THE 
SANTIAGO METROPOLITAN REGION

REPORT 



About NRDC
The Natural Resources Defense Council is an international nonprofit environmental organization with more than 3 million members and online 
activists. Since 1970, our lawyers, scientists, and other environmental specialists have worked to protect the world’s natural resources, public 
health, and the environment. NRDC has offices in New York City, Washington, D.C., Los Angeles, San Francisco, Chicago, Montana, and Beijing. 
NRDC works in Latin America to promote robust policies and innovative solutions to help Latin American countries grow towards a low-carbon, 
climate-resilient future while protecting important natural resources. Visit us at nrdc.org.

About Adapt Chile and the Chilean Network of Municipalities for Climate Action
Adapt Chile is a Chilean NGO with the mission of promoting the transversal integration of climate change into planning, development and 
decision-making processes on a subnational scale, in order to strengthen local responses to climate change. Coordination of the Chilean Network 
of Municipalities for Climate Action represents the core of Adapt Chile’s activities. The Network is an active community of practice and technical 
collaboration, made up of over 60 municipalities that voluntarily commit to integrating climate change into local planning, management and work 
programs. Visit us at adapt-chile.org and www.redmunicc.cl.

NRDC Chief Communications Officer: Michelle Egan
NRDC Managing Directors of Communications: Lisa Goffredi and Jenny Powers
NRDC Publications Director: Mary Annaïse Heglar
NRDC Policy Publications Editor: Leah Stecher

Cover image: © Cristián Plos Lira
Design and Production: www.suerossi.com
© Natural Resources Defense Council 2019

ACKNOWLEDGMENTS 
The authors would like to acknowledge the valuable contributions of NRDC’s staff in the Water program, including 
Larry Levine, Kate Poole, and Tracy Quinn. This report also benefited greatly from the thorough scrutiny and 
feedback of Dr. Gonzalo Bacigalupe (CIGIDEN), Sebastián Bonelli (The Nature Conservancy in Chile), Dr. Avery 
Cohn (The Fletcher School at Tufts University), Daniela Duhart (lawyer, Chile), Dr. John Durant (Tufts University 
School of Engineering), Dr. Jesse Keenan (Harvard Graduate School of Design), and Bernardo Reyes (Ética en los 
Bosques in Chile).



Table of Contents 

Introduction ............................................................................................................................................................4

Water Management Challenges in the Santiago Metropolitan Region ....................................................................7

Rising Flood Hazards ....................................................................................................................................................................7

Inefficient Water Use in Urban and Rural Sectors .......................................................................................................................7

Leaks and Unauthorized Consumption ........................................................................................................................................9

Insufficient Data ...........................................................................................................................................................................9

Conflicts Over Groundwater .........................................................................................................................................................9

One Basin Treated as Multiple Basins .........................................................................................................................................10

Water Management Solutions ................................................................................................................................ 12

Greening the City .........................................................................................................................................................................12

Increasing Efficiency ...................................................................................................................................................................14

Reducing Water Losses ................................................................................................................................................................16

Acquiring Data .............................................................................................................................................................................16

Organizing Groundwater Users ...................................................................................................................................................17

Moving Toward a More Integrated Basin ....................................................................................................................................17

Conclusion ..............................................................................................................................................................19



Page 4  A NEW COURSE: MANAGING DROUGHT AND DOWNPOURS IN THE SANTIAGO METROPOLITAN REGION NRDC

In the past decade, climate change has brought record-breaking heat, flooding, 
drought, and forest fires to central Chile.1 These events have negatively 
impacted livelihoods, cut hydroelectric power generation, discouraged tourism, 
decreased agriculture yields, and limited the availability of potable water in some 
communities.2 And the problem is only getting worse. Chile is expected to see an 
increase in floods and face the greatest water stress—a measure of how much 
more demand there is for water relative to available supply—in the Western 
Hemisphere over the next 40 years.3 In fact, the impacts of climate change, 
including drought and flooding, are predicted to cost the country’s gross domestic 
product (GDP) 1 percent every year for the next eight decades. To put this in 
perspective, 1 percent of Chile’s GDP in 2018 was equivalent to 1.9 trillion Chilean 
pesos ($2.8 billion).*,4 

Introduction 

The Metropolitan Region (MR) is an economic powerhouse 
and the seat of Chile’s capital city, Santiago. It is home 
to 7.1 million people (40.5 percent of the country’s 
population) and produces 46 percent of the country’s GDP.5 
Climate change and the accompanying water stress pose 
unique challenges for both urban and rural populations in 
the MR. Extreme heat coupled with precipitation rates that 
have declined by 20 to 30 percent in the past two decades 
have resulted in a chronic water deficit.6 These factors 

coincide with an existing allocation problem—an estimated 
20 aquifers in the MR are over-allocated, meaning the 
rights to pump groundwater exceed the available water 
supply.7 All of this exacerbates the problem of diminishing 
groundwater supplies, a major source of water for Chile’s 
rural sector. Diminishing water sources are leaving the 
country’s agricultural economy and rural communities 
increasingly vulnerable to drought. 

FIGURE 1: MAXIMUM TEMPERATURE 

Maximum temperature recorded annually at the Quinta Normal meteorological station in Santiago, Chile. The red dotted line is a linear trend line indicating an 
increase in temperatures at a steady rate. In 2016 and again in 2017, the highest temperature in recorded history was measured in the capital. 
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Even as the region grapples with a water-scarce future, 
Santiago is expected to see more floods every year, 
which can compromise water quality and supply, damage 
infrastructure, and increase health risks.9 When compared 
with averages from 1912 to 1999, the MR experienced a 
22 percent increase in the number of floods and nearly 
six times more landslides per year between 2000 and 
2017.10 In less than a decade, the MR has experienced 
three major flooding events that cut off water supplies to 
several hundred thousand people.11 In 2017, for example, 
a disastrous flood left more than four million Chileans 
without water.12 Some communities were affected for 
several days. As the region braces for a warmer climate, 
high-elevation regions of the MR that normally receive 

snowfall are predicted to receive greater rainfall instead, 
increasing the volume of water and the chances of an 
extreme flooding event.13 In addition to disrupting the 
water supply, floods can cause electricity outages, spread 
waterborne illnesses, take lives, and cause major damage 
to infrastructure including roads, bridges, and electricity 
grids.

Already exacerbated by climate change, these pressing 
water issues will likely become more complex when paired 
with population growth and urbanization. Fortunately, 
there are solutions. And solving these problems also 
presents real opportunities for Chile to advance toward its 
Sustainable Development Goals (SDGs) and climate change 
adaptation targets. 

FIGURE 2: ANNUAL PRECIPITATION IN SANTIAGO (MM)
 
While precipitation rates typically vary from year to year, precipitation in the past 10 years, from 2008 to 2017, falls well below Santiago’s historical average. 

Source: Developed by the authors using data from the Annual Climatology Report by the Meteorological Directorate of Chile (DGAC) for the years 1990–2017.
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Numerous reports have looked at the water challenges 
facing central Chile and potential solutions to those 
challenges. Organizations such as Chile’s Water 
Department (Dirección General de Aguas, DGA), 
Fundación Chile, the Research Center for Integrated 
Disaster Risk Management (Centro de Investigación para 
la Gestión Integrada del Riesgo de Desastres, CIGIDEN), 
and the Global Change Research Center at the Pontifical 
Catholic University of Chile (UC Centro Global), have 
tackled the subject. Several initiatives have emerged in 
response, including The Nature Conservancy’s Water 
Fund to protect wetlands and native vegetation in the 

Maipo River watershed in the MR, the 100 Resilient Cities 
initiative to reduce household water consumption and 
protect upstream glaciers, and the Maipo Adaptation Plan 
(Maipo Plan de Adaptación, MAPA), a multi-stakeholder 
vulnerability assessment of the Maipo River Basin.

The goal of this report is to build on the valuable work 
completed to date and draw on international successes 
to provide short- to medium-term solutions to the water 
management problems in Chile’s MR. We hope the 
facts, figures, examples, and ideas in this paper inform 
conversations and stimulate concrete and forward-looking 
actions for water management in central Chile. 

A THREATENED BASIN

The Maipo River Basin is a critical engine of the MR’s regional economy, supplying water for mining, energy generation, irrigation for more 
than 90 percent of the basin’s agriculture, and 80 percent of the region’s potable water.14 Unfortunately, rising temperatures and diminishing 
precipitation make the waters of the Maipo Basin among the resources most vulnerable to climate change.15 The basin is fed by approximately 
1,000 glaciers that appear to be shrinking.16 Scientists predict that by 2070, the basin will experience a 40 percent reduction in water flow due 
to loss of precipitation and glacial retreat.17 

The Maipo River flowing through the upstream portion of the basin (the first section)—taken in the summer in January 2018.
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Population growth, a burgeoning economy, and demand 
for a better quality of life is already stretching available 
water resources in the MR. The impacts of climate change 
on the MR’s water supply will place new and potentially 
critical pressure on local communities and economies. To 
protect these communities in the future, the MR will need 
to overcome six key water management challenges in the 
Maipo River Basin, which provides most of the MR’s water. 

1. RISING FLOOD HAZARDS
Urbanization coupled with increasingly heavy rain events, 
loss of vegetation, and higher-than-average temperatures 
due to climate change leaves the MR increasingly exposed 
to floods. Forty percent of the country’s population already 
lives in the MR.18 In a business-as-usual scenario, the 
region’s population is expected to increase by around 
20 percent by 2050, to 8.5 million.19 To accommodate 
this growing population, Santiago’s geographical limits 
have expanded, replacing natural landscapes and 
agricultural land with paved roads, residential buildings, 
and commercial centers.20 There is a direct link between 
the loss of green spaces and an increase in surface water 
runoff and flooding events in the MR.21 Heavy downpours 
coupled with impermeable city streets mean that water has 
nowhere to go during storms. If Santiago’s current rate of 
sprawling urbanization continues without any change in 
the approach to construction, scientists at the Helmholtz 
Centre for Environmental Research predict that floods will 
be increasingly severe in both area covered and depth.22 

2. INEFFICIENT WATER USE IN URBAN  
AND RURAL SECTORS 
Central Chile has the highest potable water consumption 
per capita in the country, despite its vulnerability to water 
scarcity (Figure 4).23 The Mega Drought of 2010–2015, part 
of the warmest six-year period on record, was the longest-
lasting and farthest-reaching drought recorded in Chile’s 
history. Even then, water habits in Santiago, such as 
irrigating water-intensive landscapes, filling private pools, 
washing sidewalks, and taking long showers, remained 
relatively unchanged, with few incentives to reduce 
consumption.24 

Despite advancements in irrigation in the 1990s, water 
waste in the rural sector still presents opportunities for 
improved efficiency. The MR contains the fourth-largest 
agricultural sector in the country with 48,670 hectares 
(120,266 acres) of farmable land, and nearly 74 percent of 
fruit production currently uses efficient water irrigation. 
However, about 21 percent of fruit agriculture continues 
to employ inefficient furrow irrigation methods.25 If 
better technologies and management practices are not 
implemented in these remaining farms, climate change 
will result in greater water demand as rising temperatures 
increase water evaporation from exposed flood irrigation 
channels.26 
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Water Management Challenges in the Santiago Metropolitan Region

The Yeso Reservoir in the Cajon del Maipo.
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Source: Developed by the authors using data from the Annual Environmental Report by the National Statistics Institute (INE) for the years 1997–2015.27

FIGURE 3: MAIPO BASIN WATER AVAILABILITY & POPULATION GROWTH
 
As the population in the MR has increased, water resources have decreased. The top graph shows the annual flow of the two main rivers in the Maipo Basin, as well 
as population growth of the MR. The bottom graph shows the annual volume of the two main reservoirs in the Maipo Basin. It’s important to note that from 2010 to 
2015 the region experienced record droughts. MAIPO BASIN WATER AVAILABILITY & POPULATION GROWTH
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FIGURE 4. WATER USE IN THE MR (1993-2015)
 
The graph shows water use in the Metropolitan Region in cubic meters per 
second (m3/s) during 1993, 2005, and 2015. Even though total potable water 
consumption nearly doubled from 1993 to 2015, overall water use decreased 
in that period. This is due to a substantial drop in agricultural water demand 
between 1993 and 2005 thanks to more efficient agricultural practices, such 
as drip irrigation, that were implemented in the late 1990s.28 That said, there 
is still substantial room for improvement in this sector. Furthermore, growing 
potable water consumption, likely due to a growing population and economy, 
is alarming for a country considered the most vulnerable to water stress in the 
Western Hemisphere. 

3. LEAKS AND UNAUTHORIZED 
CONSUMPTION 
More than 30 percent of potable water in Chile is 
considered non-revenue water (NRW), or water that 
never makes it to the consumer due to water theft, 
technical errors, or leaks from broken or corroded pipes.30 
According to one study, Aguas Andinas, the main provider 
of potable water in the Metropolitan Region, loses about 31 
percent of treated water due to issues such as unregulated 
water use, inaccurate metering, and leaky, aging pipes.31 
This is equivalent to a monthly loss of 700,000 cubic 
meters (568 acre-feet), worth 468 million pesos (over 
$685,000).32 Not only is this a waste of purified water in a 
drought-prone region, but it is lost revenue that could have 
been invested in maintenance and modernization.

4. INSUFFICIENT DATA
The DGA lacks the resources to effectively oversee and 
monitor groundwater rights and uses or to effectively 
update the National Water Information System 
(Sistema Nacional de Información del Agua, SNIA).33 
As a consequence, there is insufficient or inaccessible 
information on how much water is drawn from the MR’s 
aquifers, making it difficult to regulate and sustainably 
manage this resource. Moreover, Chile’s Water Code 
legally separates groundwater and surface water rights, 
but in reality the two are hydrologically connected. 
Alarmingly, the relationship between upstream surface 
water use and the availability of groundwater downstream 
is not well studied or documented in the Maipo Basin. 
Groundwater users in the MR include small farmers, 
industry, large agriculture companies, and the Rural 
Potable Water Program (Agua Potable Rural, APR), which 
supplies water to rural populations. This is particularly 
concerning because many downstream rural communities 
in the MR depend on receding groundwater for their 
drinking supply. While Law 21.064 introduced new 
amendments in January 2018 that give the DGA more 
power to monitor water use and sanction illegal activity, 
there are still numerous challenges with both enforcing 
water regulation and updating the SNIA.34 

5. CONFLICTS OVER GROUNDWATER 
Article 263 of the Water Code technically includes 
groundwater users as part of the water users associations 
(organizaciones de usuarios del agua, OUAs) that manage 
water distribution, conflict resolution, and construction 
and maintenance of public works within a basin. However, 
in reality, groundwater users in the MR are not integrated 
into any formal management of the basin. This lack of 
cross-sector collaboration and communication creates 
challenges in overseeing the water supply and navigating 
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the needs and grievances of groundwater users. During 
periods of water scarcity in the past decade, conflicts over 
groundwater have emerged in regions like Chacabuco and 
Melipilla, typically between local residents, small-scale 
farmers, and large agricultural industries.35

6. ONE BASIN TREATED AS MULTIPLE BASINS 
The Maipo Basin is legally divided into three 
administrative sections, each considered separate in water 
rights and management. The first section—which includes 
the source of the river—is made up of multiple water users 
that have learned to work well together under a formalized 

THE LEGAL MANAGEMENT BOUNDARIES ALONG THE BASIN 

The Chilean Water Code (1981) establishes the legal rules for the country’s privatized water market. Within the framework of the code, the 
DGA grants water rights to private users who can sell, mortgage, or transfer these water concessions, which are legally separate from land 
ownership. The Water Code also grants authority to vigilance committees (juntas de vigilancia)—a type of water users association—to oversee 
the distribution of water, solve conflicts between water users, and manage the construction and maintenance of public works.37

Under the Water Code, river basins in Chile are managed in sections. The Maipo River Basin is divided into three administrative sections (Figure 
5). While the basin is acknowledged as “one natural flow,” Article 264 of the Water Code allows for separate vigilance committees to distribute 
and manage water for their sections, each of which is treated independently of “neighboring sections of the same flow.” Sectioning is supposed 
to make it easier for the DGA to organize and manage water rights along the Maipo. However, hydrologically each part of the Maipo depends on 
the others and no part of the basin functions in isolation. Water rights are over-allocated across the basin, including in the first section. This 
makes it possible for upstream users to diminish the supply downstream—an issue that will become increasingly problematic as climate change 
and population growth put more stress on water resources.38

Although the Water Code allows for a vigilance committee in each of the Maipo Basin’s three sections, in reality only the first one has a fully 
functioning committee. The second and third sections are at the heart of the region’s conflicts over water rights and are the most vulnerable to 
drought, yet the second has no vigilance committee and the third only a loosely organized one. 

Finally, Article 263 of the Water Code calls for groundwater users, such as individual farmers and larger agricultural corporations, to be 
included as part of a vigilance committee or other water users organization, but in practice they are not integrated into any formal management 
of the basin.39 This makes it challenging for users to effectively navigate conflicts around an over-allocated resource, especially in times of 
drought.

structure. Although water use in the first section affects 
the second and third—given that they are all hydrologically 
connected as one basin—there is no legal obligation for 
first section users to collaborate with their counterparts in 
the second and third sections.36 As the region experiences 
demographic and climatic changes that put additional 
stress on water supplies, it will become increasingly 
important for users to address conflicting water demands. 
Basin-wide collaboration can improve activities like 
information sharing and conflict resolution, becoming an 
important tool for effective water allocation decisions that 
maximize the fulfillment of social and economic needs 
without compromising the environment.
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FIGURE 5. WATER SCARCITY BY COMMUNE IN CHILE'S METROPOLITAN REGION

Scarcity decrees issued by the government between 2008-2019 serve as a proxy measure for vulnerability to drought by commune. The purple outline represents 
the Maipo Basin’s three administrative sections. The basin encompasses most of the MR, demonstrating why water management at this regional level requires an 
in-depth understanding of the Maipo Basin. The first section begins at the headwaters in the Andes, followed by downstream sections two and three where the most 
vulnerable communes can be found (Til Til, Colina, Curacavi, and part of San Pedro, shaded in the darkest red). Alhue, outside the Maipo Basin but within the MR, 
also received the most scarcity decrees.40 

Source: Map created by authors on ArcGIS.
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With leaky pipes, missing data, and poor collaboration, 
it is clear that the MR must take immediate steps to 
reform its water management. Six potential solutions for 
stakeholders in the MR are outlined below, from green 
infrastructure to basin-wide cooperation. Other regions 
throughout the world, facing similar water challenges, 
have successfully implemented some of these measures. 
As the MR continues to grapple with water scarcity, those 
examples serve as useful reference points.

1. GREENING THE CITY

GRAY VERSUS GREEN INFRASTRUCTURE
Wetlands, trees, and grass don’t usually come to mind 
when city planners use the word infrastructure—
especially not when the discussion centers on water 
management. In Chile, as in most of the world, water 
management infrastructure often equates to human- 
engineered projects made of concrete and steel in the form 
of pipelines, culverts, wastewater treatment facilities, 
and other structures that might help solve one problem 
in the water cycle while ignoring others. This type of 
development is called gray infrastructure.41 On the other 
hand, “green infrastructure” solutions that capitalize on 
nature’s ability to manage water and other resources can 
often serve the same function as gray infrastructure, while 
also providing a host of ecosystem services. Examples of 
green infrastructure include green roofs, rain gardens, 
and restored natural areas that can help urban centers 
participate in the water cycle and improve a city’s capacity 
to redirect, absorb, and reuse rainwater. In fact, there 
is a widely recognized connection between replacing 
natural green spaces with pavement and increasing flood 
hazards.42 By contrast, studies have shown that increasing 
the density of forests along the urban edge of Santiago 
would help prevent river runoff into the city.43 In the 
long run, green infrastructure can also be a more cost-
effective way to reduce stormwater pollution and sewage 
overflows.44 

Currently, however, less than 1 percent of the MR’s natural 
green habitat is protected and conserved by the National 
Forest Corporation (Corporación Nacional Forestal, 
CONAF), compared with 19.2 percent for the rest of the 
country as a whole. In fact, the MR’s 3.4 square meters 
(36.6 square feet) of green space per capita falls well below 
the 9 square meters (96.9 square feet) recommended by 
international organizations.45 The distribution of this 
limited green space is also unequal. Some neighborhoods 
have 0.4 to 2.9 square meters (4.3 to 31.2 square feet) of 
green space per capita, while other—usually wealthier—

neighborhoods have 6.7 to 18.2 square meters (72.1 to  
196 square feet) of green space per capita.46 Protecting  
and creating more green space in the MR and ensuring  
an equitable distribution would improve resilience across 
the region. 

Water Management Solutions

Green roofs like the one pictured here in Sydney, Australia, can 
improve air quality, reduce the volume of stormwater runoff, and  
help bring down energy costs (and greenhouse gas emissions) 
associated with building cooling. While success varies, some studies 
have calculated that green roofs can reduce energy use by upwards  
of 50 percent.47

GREEN INFRASTRUCTURE’S BENEFITS TO PEOPLE
Compared with gray infrastructure, well-planned green 
infrastructure has multiple societal benefits, including 
improved public health.48 For example, a recent study 
documented an improvement in mental health when vacant 
urban lots in Philadelphia were converted to green space.49 
Green infrastructure also purifies air and filters water. 
Air purification is particularly important in central Chile, 
where particulate matter pollution has created some of the 
most toxic air in the Americas.50 

Meanwhile, natural water filtration can reduce the need 
to mechanically pump and treat wastewater, thereby 
lowering energy use and greenhouse gas emissions. Green 
infrastructure has resulted in wastewater treatment 
savings throughout the world, including an annual savings 
of $600,000 in Lancaster, Pennsylvania, and $1.3 million in 
Milwaukee, Wisconsin.51 In addition, green infrastructure 
is a cost-effective way to capture runoff pollution such as 
oil, grease, metals, bacteria, and other toxins found on city 
streets before it is flushed into sewer systems and nearby 
surface waters.52 Finally, green infrastructure can increase 
the overall water supply, mainly by enabling more water 
to enter the soil through improved soil infiltration. This 
helps replenish groundwater supplies, a critical pillar in 
stabilizing water availability in the MR. Rain garden tools 
like rain barrels can also help collect water for residential 
and commercial use.
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The U.S. Army Corps of Engineers uses wetlands along the Charles River in Massachusetts to prevent flood damage. The wetlands in the watershed 
prevent an estimated $17 million in flood damage every year.53 

USING NATURAL SOLUTIONS TO FLOODING

SPONGE CITIES IN CHINA

In 2015 the Chinese government implemented the Sponge City Initiative, which kick-started green infrastructure projects in 30 cities across the 
country. More than $12 billion (15 to 20 percent of it from the central government, the rest from the private sector and local governments) has 
been invested for “sponge projects,” including permeable roads, wetlands restoration, bioswales (vegetated alternatives to sewers to treat and 
infiltrate stormwater), and rainwater collection. The overarching goal is for 80 percent of urban areas to absorb and reuse 70 percent of rainfall 
by 2020.54 The Sponge City Initiative focuses on: 1) storing and recycling stormwater, 2) retrofitting existing drainage systems to capture water 
in storage tanks, and 3) capitalizing on the multiple benefits from green infrastructure, such as green roofs, which help absorb precipitation 
and insulate buildings.55 The hope is that the initiative will increase the country’s water supply, restore depleted aquifers, and reduce incidents 
of flooding, which have more than doubled since 2008.56 The initiative is still in its infancy but has great potential.

STATEN ISLAND’S BLUEBELT IN NEW YORK CITY

The Bluebelt stormwater management system on Staten Island, New York, is a textbook case of effective green infrastructure development.  
The system directs up to 1.3 million liters (350,000 gallons) of stormwater at a time through wetlands, where layers of soil, vegetation, and 
rock help redirect and filter the dirty water. This reduces strain on the sewage system and protects downstream communities from flood 
damage. To date, the award-winning Bluebelt system has saved an estimated $80 million in typical sewer costs.57 The system performed 
especially well during several large storms, including Tropical Storm Tammy in 2005, which brought a downpour of 16 centimeters (6.3 inches) 
in 24 hours. Parts of Staten Island that previously flooded even in minor storms had no issues during these major rain events.

©
 Ian Lee/Flickr
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2. INCREASING EFFICIENCY

RESIDENTIAL CONSUMPTION
In the context of Chile’s growing economy and population, 
decreasing per capita consumption and increasing water-
use efficiency are just as important as increasing water 
supply. According to the Superintendent of Sanitary 
Services (Superintendencia de Servicios Sanitarios, SISS), 
a citizen can responsibly consume up to 100 liters (26.4 
gallons) of potable water per day. More than 200 liters 
(52.8 gallons) of water per person is considered inefficient 
and demands a change in habits.58 While average daily per 
capita potable water consumption in Chile is about 170 
liters (44.9 gallons), parts of Santiago consume a whopping 
600 liters (158.5 gallons) per capita per day.59 That gross 
disparity has been attributed to large homes in Santiago 
with water-inefficient landscapes, sometimes equipped 
with private pools and water-intensive appliances like 
washing machines.60 This extremely high level of water 
consumption puts increasing pressure on an already-
stressed resource, especially as the population grows. The 
MR must take real steps to reduce consumption, through a 
combination of the approaches listed below.

 
Incentives—monetary rewards for voluntary reductions:

n  Rebate system to encourage the purchase of water-
efficient appliances or the replacement of water-guzzling 
landscapes with climate-appropriate ones that don’t 
require irrigation

n  Public education campaigns to raise awareness about 
water use and encourage voluntary reductions

 
Penalties—sometimes politically unpopular, but often 
highly effective61:

n  Restrictions on nonessential household water 
consumption (like watering a lawn or filling a pool)

n  Tiered water tariff system that penalizes individuals 
who use water excessively 

 

Standards and codes: 

n  Updating building codes so that new buildings and 
appliances are more water efficient (e.g., requiring 
the installation of efficient toilets, faucets, and 
showerheads)

n  Changing product standards so that manufacturers can 
sell only water-efficient plumbing fixtures 

n  Setting ordinances for how landscapes are designed 
(similar to the Model Water Efficient Landscape 
Ordinance in California, which promotes efficient water 
use and retrofitted landscapes)62

n  Ensuring that the process for implementing an on-site 
water reuse system (for nonessential purposes like 
outdoor irrigation) through the recently passed Law 
21.075 is clear, efficient, and hazard-free in order to 
broaden its application across the region63

  
Public education campaigns and financial incentives have 
succeeded in places like Melbourne, Australia. Other 
cities, like Santa Fe, New Mexico, have successfully 
reduced water demand by implementing conservation-
oriented rate structures, such as an inclined block tariff 
that sets tiered rates for users based on consumption.64 
In such an arrangement, the lowest rate tier allows 
essential uses for water, including drinking and bathing. 
Each subsequent tier includes an increasing amount 
of nonessential consumption, like watering a lawn and 
washing a car. Properly designed tiered water rates can 
be an equitable way to ensure basic access to water while 
also charging households a premium for excessive water 
use. This in turn can incentivize household purchases of 
low-flow technology, such as water-efficient showerheads, 
faucets, and low-flush toilets. It can also motivate 
households to introduce water-smart landscaping, avoid 
running taps, and fix leaks. These successful initiatives 
provide a template for policymakers, private actors, 
and stakeholders in Chile, where the MR faces water 
challenges similar to those in Melbourne, Santa Fe, and 
elsewhere.

“In Chile there is no value for the resource, and it’s very common to see gardens with high water 

consumption in arid and semiarid zones, like Santiago, 30-minute showers, and even people sweeping 

leaves off the street with a hose. In other words, even though we are running  

out of water, we continue to act as if this resource is unlimited.”  

–Dr. Pablo García-Chevesich, School of Forestry and Sciences, University of Chile65
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SCALING DOWN DEMAND

MELBOURNE, AUSTRALIA

From 1997 to 2009, southeastern Australia experienced its worst drought on record. At the peak of the Millennium Drought, water storage 
volumes fell to 25.6 percent of capacity, an historic low. The reservoirs that serve Melbourne, Australia’s second-largest city, were on track to 
be completely drained by 2009.66 Luckily, a combination of green infrastructure and policy innovation enabled the region to reduce per capita 
water consumption by 50 percent.67 These mechanisms included:
n	 	WATER USE RESTRICTIONS. These ranged from Stage 1, minor restrictions on outdoor use, to Stage 4, a complete ban on outdoor use. During 

the peak of the Millennium Drought, restrictions increased to Stage 3, which allowed minimal outdoor use. Stage 3 combined with a voluntary 
conservation targets to reduce consumption to 155 liters (40.9 gallons) per person per day prevented restrictions from reaching Stage 4.

n	 	TELEVISION, RADIO, BILLBOARDS, AND PRINT MEDIA CAMPAIGNS TO PROMOTE WATER CONSERVATION. An organized campaign called 
T155 encouraged the population to reduce per capita water consumption to 155 liters per day. This campaign saved an estimated 53 million 
cubic meters (43,000 acre-feet) of water between December 2008 and August 2010.

n	 	REBATES AND EXCHANGE PROGRAMS FOR WATER-EFFICIENT APPLIANCES. Appliance retailers replaced toilets, showerheads, and  
washing machines with more efficient models. The initiative, funded by the government of the state of Victoria, saved 14.6 million cubic 
meters (11,800 acre-feet) of water from 2008 to 2010. In addition, the government funded 19,008 rebates to consumers in 2010 and 2011  
for water-efficient technology like dual-flush toilets, water-efficient showerheads, permanent graywater systems (which reuse household 
water for non-potable purposes), and hot water recirculators. This rebate program saved an estimated 350,000 cubic meters (284 acre-
feet) of potable water per year. 

AGRICULTURAL CONSUMPTION
In the central region of Chile, climate change is expected 
to decrease total precipitation while also increasing the 
number of heatwaves, both of which affect the agriculture 
industry.68 Drought conditions are predicted to reduce 
the amount of water available for recharging aquifers and 
increase evapotranspiration and the need for irrigation. 
Crop type, soil, and irrigation processes and technology 
can be adapted to reduce the amount of freshwater used 
per meter of soil while increasing farms’ resiliency to 
extreme weather. Given that irrigation makes up the 
greatest portion of water consumption in the MR (68 
percent of total water demand), this arena presents an 
enormous opportunity for reductions.69 

Upgrading inefficient irrigation systems to micro-sprinkler 
systems could increase agricultural water efficiency by 
30 percent.70 Soil moisture sensors, evapotranspiration 
measurements, and remote sensing would allow farmers 
to accurately determine their irrigation needs and 
significantly reduce water consumption. In a recent study 
of corn and tomatoes, two different soil moisture sensors 
were successful in reducing water use, to varying degrees: 
11 percent savings using TDR soil moisture sensors to 
trigger subsurface drip irrigation for sweet corn, and 67 
percent savings using capacitance soil moisture sensors to 
trigger drip irrigation for tomatoes.71 

Focusing on soil conservation or soil stewardship would 
also help reduce agricultural water consumption. Soil 
conservation is the name given to several agriculture 
techniques, such as integrating cover crops or practicing 
no-till farming, that help build up soil carbon and organic 
matter to prevent runoff, improve water infiltration, and 

replenish aquifers.72 Cover crops are planted in empty 
fields after the cash crop has been harvested to help 
keep living roots in the soil. The roots of cover crops 
like grasses and legumes provide important nutrients for 
beneficial soil organisms, and they also aerate the soil, 
which helps rain seep into the ground instead of escaping 
as runoff.73 Practicing soil conservation can also improve 
crop yields. During the 2012 drought in the United States, 
farms that used cover crops had bigger harvests than those 
that did not.74 

Expanding the use of treated wastewater in the 
agricultural sector is another approach to alleviating the 
effects of water scarcity in the MR. A wastewater recycling 
pilot project in Coquimbo, located in Chile’s arid north, 
successfully used treated wastewater for six hectares 
(nearly 15 acres) of alfalfa. According to the study, the 
wastewater reuse technology used for alfalfa is also well 
suited for fruit trees such as lemons, avocados, apples, and 
peaches because the water doesn’t come in contact with 
the fruit. Additionally, research indicates that if treated 
wastewater were used to grow avocados, it could save 
the industry an annual 1.2 billion Chilean pesos ($1.75 
million) in water costs.75 Moreover, using recycled water 
for agriculture provides “triple dividends” by making more 
freshwater available for the environment and for human 
consumption.76 Wastewater is also rich in nutrients like 
nitrogen, phosphorus, and potassium, which can lessen 
the need for expensive fertilizers.77 In a new study at the 
University of Illinois, researchers found that if all of the 
nitrogen present in Cairo’s wastewater were used for 
agriculture, it could cut Egypt’s nitrogen fertilizer imports 
by about 50 percent.78
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Implementing these solutions may require encouragement 
through knowledge sharing, awareness campaigns, and 
financial incentives. Academics, NGOs, policymakers, and 
farmers alike have important roles to play in identifying 
and implementing the most effective financial tools and 
incentives. For instance, NRDC worked with partners in 
Iowa in 2018 to launch a first-in-the-nation Cover Crop–
Crop Insurance Demonstration Pilot Program that gives 
farmers a discount on normal crop insurance for land that 
uses cover crops. The program has received strong interest 
from farmers and will likely exceed the goal of gaining 
80.9 hectares (200,000 acres) of new cover crops.79 It’s 
important to note that improving water efficiency can also 
create incentives to expand the agriculture industry, given 
the increase in water supply. Therefore, water-saving 
initiatives need to be accompanied by mechanisms that 
encourage the agriculture sector in the MR to use water 
more efficiently but also prioritizes the role of water in 
the ecosystem, using water saved to replenish rivers or 
recharge over-drafted aquifers. Water efficiency programs 
and solutions like these will be essential in encouraging 
Chile’s agriculture industry to shift toward (or expand) 
sustainable farming practices that use water more 
efficiently. 

3. REDUCING WATER LOSSES

LEAKS AND OTHER LOSSES
Water lost through leaks, theft, or metering errors is a 
serious problem. Chile has a 36 percent annual NRW rate, 
which is certainly lower than Mexico’s 51 percent but quite 
a bit higher than other countries in the Organisation for 
Economic Co-operation and Development (OECD) such 
as Spain and Australia, at 26 percent and 10 percent, 
respectively, or Denmark and the Netherlands, which lead 
the way at 5 to 6 percent.80 Aging pipes and infrastructure 
account for 22 percent of avoidable water losses in Chile; 
in the United States that figure is 14 to 18 percent.81 In 
Chile there are 24 breaks for every 100 kilometers (62 
miles) of water pipes, compared with 13 in the United 
States and 19 in Europe.82 

Early leak detection can prevent the deterioration of 
critical infrastructure that leads to massive water losses. 
Luckily, new technology is emerging to tackle leaks in a 
more efficient and cost-effective way. For example, a team 
of MIT researchers recently introduced a system called 
PipeGuard that uses a small rubber robot to travel through 
water mains and detect even the smallest leak.83 The device 
can be introduced through any fire hydrant—no digging is 
required, and water service does not need to be disrupted. 

GROUNDWATER OVERSIGHT
Unregulated groundwater use in the MR is a significant 
barrier to reducing the NRW rate. The DGA acknowledges 
that groundwater management is deficient and that 
resources are stolen and over-allocated.84 At the beginning 
of 2018, a law was approved to give the DGA more power 
to penalize illegal water use (Law 21.064).85 However, 
the new rule didn’t increase the DGA’s budget to hire the 
experts or acquire the technology necessary to enforce the 
law. There are currently only three officials dedicated to 
fiscalización, supervising infractions of the Water Code, 
in the MR. As the director of the Water Department of the 
MR pointed out in a 2018 presentation, this is not enough 
manpower:

  At the MR DGA, we have three fiscalizadores [on the 
oversight committee] for the entire MR. So we are either 
here or we are over there. And when I’m here, talking 
to you, it also means I’m not seeing to other important 
issues like responding to transparency queries or issues 
submitted through the Virtual Citizen Attention Office 
[Sistema Integral de Información y Atención Ciudadana, 
SIAC], and this happens to other individuals dedicated 
to fiscalización. Both in our central office and in 
the Ministry, efforts are being made so that we can 
effectively count on more resources, both in my region 
and in the rest of the country.86 

More funding for the DGA, better access to monitoring 
technology (like satellite imagery and drones) or 
use of a third party to monitor water resources, and 
greater collaboration among water users could improve 
transparency in water allocation and reduce the NRW rate.

4. ACQUIRING DATA
In rural parts of the MR, insufficient data is a major barrier 
to effective groundwater management. This is especially 
relevant for managing over extraction and aquifer 
recharge. Given the resource constraints currently facing 
the DGA, there are other key stakeholders that could 
help overcome data and analysis limitations. Specialized 
institutes, universities, and the private sector can play an 
important third-party role in monitoring groundwater, 
identifying links between surface water and groundwater 
use, and studying the implications of river sectioning for 
downstream users. Moreover, many rural communities in 
Chile, such as Melipilla, don’t trust data collected by the 
DGA, which has left them open to exploitation in the past. 
In these instances, creating public –private partnerships 
or putting a neutral third party in charge of data collection 
and monitoring could establish fact-based discussions 
among stakeholders and help mitigate conflict.
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HARNESSING DATA FOR CONFLICT MANAGEMENT 

Melipilla, a rural province in the western part of the Metropolitan Region, is a good example of how inaccurate data can lead to conflict, 
particularly in communities dependent on groundwater. Melipilla is in the third section of the Maipo River Basin, where there is a haphazardly 
organized water users association. In the 1980s, shortly after the enactment of the Water Code, temperature and precipitation data 
for the Rapel River, nearly 64.4 km (40 miles) away, was used to incorrectly determine that Melipilla had underexploited and abundant 
water resources. New water rights for the region were put on the market, and these were purchased by agro-industry companies seeking 
opportunities to expand. 87 

Fast-forward two decades, and water scarcity in the region is a growing threat. It has led to protests, the closure of roads, and complaints from 
local residents and small-scale farmers to the DGA and agro-industry.88 Between 2008 and 2019, all of the communes within Melipilla received 
scarcity decrees, which give the DGA the authority in situations of extreme drought to distribute potable water from any point in the basin to 
vulnerable populations.89  The communes San Pedro, Alhué, and Curacaví received more than four scarcity decrees.90 Several communes in 
Melipilla depend on water trucks for their basic needs.91 Industry players blame small-scale farmers for their unregulated use of groundwater 
and have used studies of the available resource to urge the DGA to set restrictions, “hoping to avoid the granting of further water rights.”92 
On the other side, local residents and NGOs have expressed concern over the power of agro-industry actors to enact Articles 63 and 65 of the 
Water Code to establish “restriction zones” where the DGA can only grant water rights on a provisional basis and blame industries for drilling 
deeper wells and drying out smaller and shallower ones.93 One small-scale farmer who used to support his family by growing strawberries 
said, “I have a small piece of land, one hectare and a half [3.7 acres], but I cannot do anything. I used to live from my garden and now nothing 
happens; we are surrounded by dirt and without water.”94 

There is a consensus that more communication and collaboration are needed and a desire on both sides to build spaces for dialogue and 
multi-stakeholder engagement.95 As water resources become more constrained, it becomes ever more important to effectively inform water 
management practices with data-gathering that is accurate, transparent, and inclusive. 

5. ORGANIZING GROUNDWATER USERS
Sustainable groundwater management in the Maipo Basin 
requires an end to groundwater over extraction and a 
balance between water extractions and aquifer recharge. 
One of the main impediments to sustainable groundwater 
management is the lack of effective organizations of 
groundwater users, including stakeholders such as small 
farmers and APRs.96 Groundwater user organizations, 
such as the National Federation of Rural Potable Water 
(Federación Nacional de Agua Potable Rural de Chile, 
FENAPRU) and the Groundwater Community (Comunidad 
de Aguas Subterráneas, CASUB), do exist within Chile. 
However, the MR is not a member of FENAPRU, and in 
practice there is only one well organized CASUB, and it 
operates out of the Copiapó Basin in northern Chile.97 

Any effective water management in the Maipo Basin 
must include the voices and experiences of groundwater 
users, including the APRs, small farmers, industry, and 
agriculture corporations. As a coalition, they could 
more effectively raise concerns, lead water management 
initiatives, and begin to collaborate with one another as 
well as with surface water users. The DGA, NGOs, and 
local leaders can help build awareness of the benefits 
of organizing, and local and national politicians can 
emphasize the need for urgent action in the face of climate 
change to build momentum for a groundwater users 
coalition.

Resources to improve collaboration, trust, and effective 
decision making should be made available to any 
groundwater users association. A professional facilitation 
service, supported by the DGA and managed by a third 
party, could help foster conversation and establish 
dialogue between groundwater users when conflicts arise. 

A database containing accurate figures should be made 
accessible to the public, allowing groundwater users to 
make informed groundwater management decisions and 
helping to prevent conflict caused by misperceptions, 
miscommunication, or misleading data.98 A system of 
checks and balances could be established to ensure that 
the data in the system remain accurate. Such a database 
could be supported and run by the DGA and a combination 
of neutral and independent third-party organizations. 

6. MOVING TOWARD A MORE INTEGRATED 
BASIN

THE HELPFUL ROLE OF VIGILANCE COMMITTEES
Vigilance committees are an important type of water 
users association that helps enforce participation and 
compliance in the water management scheme. Water 
utilities, irrigators, hydroelectric companies, and the 
mining industry in the first section of the Maipo have 
learned to work together under their local vigilance 
committee to overcome water conflicts and to assist one 
another in times of scarcity. 
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However, the vigilance committees for the second and 
third sections are virtually nonexistent. Without a 
vigilance committee, the effects of the Mega Drought were 
exacerbated in provinces like Chacabuco and Melipilla. 
The vigilance committee in the first section, however, 
more effectively managed its water and coordinated among 
diverse stakeholders throughout the drought. Based on the 
success of this committee, there are two potential road 
maps for improving multi-stakeholder collaboration across 
the Maipo Basin. One option is to replicate the existing 
vigilance committee structure in the second and third 
sections, incorporating those features that have allowed 
productive management of the first section. Another 
option is to create a single vigilance committee for the 
entire basin, building a more inclusive and comprehensive 
management structure. 

SUCCESS IN INTEGRATED BASIN MANAGEMENT 
Integrated Water Resource Management (IWRM) is an 
approach to water management that emphasizes the 
role of water as a social, economic, and environmental 
good. As defined by the Global Water Partnership, IWRM 
“promotes the co-ordinated development and management 
of water, land and related resources, in order to maximize 
the resultant economic and social welfare in an equitable 
manner without compromising the sustainability of vital 
ecosystems.”99 Incorporating IWRM into the Maipo Basin 
would almost certainly require basin-wide collaboration 
through more established water user associations or basin-
wide agreements. 

While such agreements are notoriously challenging, 
there have been noted successes throughout the world—
including along the Rhine River in Europe. Running from 
the Alps to the North Sea, the Rhine River crosses nine 
countries, and its catchment area covers 200,000 square 
kilometers (77,220 square miles) where 60 million people 
live.100 By 1950, the river was experiencing declining 
salmon populations, and downstream communities were 
reeling from the effects of chloride pollution in their 
drinking water supply. That year, the International 
Commission for the Protection of the Rhine (ICPR) was 
created, and it gradually transformed the Rhine Basin from 
the sewer of Europe into one of the cleanest international 
rivers on the continent. Given the river’s turnaround, 
which included the cleanup of the water supply and 
the return of the salmon population (though a different 
species, as the Rhine salmon had gone extinct), the Rhine 
Basin is considered an IWRM success story.101 Several 
factors contributed to the transboundary cooperation 
witnessed along the Rhine, including high political resolve, 
strong international and public pressure, and the effective 
governance of the ICPR.102 

Similar basin-wide agreements, known as Voluntary Basin 
Management Accords (Acuerdo Voluntario para la Gestión 
de Cuencas, AVGC), are emerging throughout Chile. The 
first AVGC was signed in 2015, and there are now seven 
active accords for small basins or sub-basins. The AVGC 
protocol outlines five key components to establishing 
a successful basin-wide management framework: 
willingness, responsibility, representation, transparency/
access to information, and flexibility.103 This work is still in 
its infancy in Chile, and its success is yet to be quantified. 
However, early results are promising for the AVCG for the 
Llico, Vichuquén, Torca, Tilicura, and Agua Dulce Basin in 
the Maule Region, where 23 entities, including indigenous 
groups and the forestry industry, have signed an AVCG to 
work together to reduce contamination and forest fire risks 
that endanger the region’s water resources.104 

A voluntary agreement for the entire Maipo Basin would 
increase collaboration and improve IWRM efforts. Several 
experts have noted that a basin-wide Maipo management 
agreement would be nearly impossible given the level of 
political support required from the national government 
and the objections of upstream users. As outlined by 
the AVGC principles, the right approach and the right 
environment are needed for the success of this kind of 
broad initiative. Even so, it’s worth noting that the ICPR, 
which helped restore the Rhine, was an international 
agreement requiring official support from the EU along 
with the participation of upstream parties—in this case, 
countries like Switzerland and Germany—that were 
initially uninterested in addressing downstream water 
quality concerns. The structure for such an agreement 
in the Maipo Basin is already in place, but policymakers, 
NGOs, and water users from different sectors will need 
to help persuade users to come together and push for 
sustainable water management solutions.
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Chile faces a growing water deficit. In 2018, four 
municipalities in the Metropolitan Region received scarcity 
decrees, including Melipilla.105 As the Maipo Basin, and 
Chile in general, brace for a future with more people, 
less water, and more flooding, it will become increasingly 
important for water users, policymakers, and regulators 
to work together to sustainably manage water resources. 
This report highlights six key challenges and the following 
six opportunities for improving the MR’s water security 
and resilience to floods and drought.

1.  Incorporate new development models that 
prioritize green infrastructure. The Chilean 
government is beginning to make the connection 
between green infrastructure solutions and water 
security in water dialogues and forums.106 This is 
promising, but more remains to be seen in the form of 
concrete plans and actions, such as incentive programs, 
to encourage green infrastructure on private property or 
wetland restoration initiatives to manage flooding.

2.  Improve water conservation and efficiency 
by developing incentives (or penalties), 
encouraging water-efficient urban development, 
and capitalizing on new irrigation technology 
and sustainable agriculture programs. Water 
saved should be used to enhance the region’s climate 
resilience, through measures such as replenishing 
rivers, recharging groundwater supplies, or securing 
water for populations vulnerable to scarcity. 

3.  Strengthen the DGA’s capacity to monitor and 
oversee water management and supply, and tap 
into new technologies and innovations that can 
reduce NRW losses. Chile, dubbed “Chilecon Valley,” 
has already established a robust entrepreneurial 
community and was rated one of the top five countries 
for start-ups in a study by Gust and Fundacity.107 The 
city has the perfect environment to attract local and 
global innovation, in terms of both funding and human 
capital.

4.  Improve data sharing and collection. If there is one 
issue experts working in water management in Chile 
agree on, it is that there are simply not enough data on 
the use and availability of water. The lack of accurate 
and transparent surveying of water use is a fundamental 
barrier to achieving water security. 

5.  Provide a formal structure under which 
groundwater users can organize, collaborate, and 
manage conflict. Groundwater users in the MR are the 
most vulnerable to water scarcity. The over-allocation 
of groundwater use rights, the lack of accounting around 
water use and availability, and the existing tension and 
conflict among users make this a priority issue. 

6.  Increase integration within the basin. Greater 
collaboration among users, universities, NGOs, and 
private entities throughout the Maipo Basin can improve 
our understanding of how upstream use along the 
basin impacts downstream users to support a more 
sustainable, holistic, and resilient management of the 
entire Maipo.

This list reveals just how ambitious and laborious any plan 
to achieve an effective and sustainable water management 
plan will have to be, but it also highlights areas of 
opportunity where civil society, policymakers, and water 
users can collaborate and advocate for change. While 
various solutions to the MR’s water challenges differ in 
scope and level of investment, each of them requires a shift 
in the way we think about water. Instead of considering 
water a resource to be managed through simple inputs 
and outputs, we must instead treat it as part of a dynamic 
system. For example, increasing potable water efficiency 
and reducing the NRW rate frees up more water for rivers 
and streams. Similarly, improving water efficiency in the 
agricultural sector can mean more water for replenishing 
groundwater supplies and for vulnerable communities that 
depend on trucked-in water. Green infrastructure can help 
mitigate floods but can also improve air quality, reduce 
greenhouse gas emissions, and support mental health. 
Treating water as a social, economic, and environmental 
good opens up opportunities to think creatively and 
discover innovative solutions that can save money and 
future costs. Finding win-wins in water management is not 
easy, but channeling resources in the right direction is not 
only possible but urgent for the MR.

Conclusion
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